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l. Introduction

This document reviews the 6™ International Methane Hydrate Research and Development
Workshop. Researchers from the Norway, Japan and United States have held a series of these
workshops in Honolulu Hawaii, Wahington,DC, Vina del Mar Chile, Victoria British Columbia, and
Edinburgh Scotland over the last eight years. The primary goals of the workshops are to develop
collaborations in field and laboratory research in methane hydrate research that provides sharing of
analytical technology, approaches to sampling protocol, and cost sharing of ship time. Twenty-two
different nations have participated in previous workshops, resulting in a variety of international
collaborations; including methane hydrate exploration off the mid Chilean Margin, the New Zealand
Hikurangi Margin, Cascadia Margin and the Gulf of Mexico.

The 6" International Methane Hydrate Research and Development Workshop was focused to
enhance international collaboration on development of the methane hydrate research program in the
Arctic Ocean. This workshop included participation of representative from 12 countries. Key goals of
this workshop include: 1) expanding an international, interdisciplinary scientific network, 2) ship and
equipment time and experimental design sharing, 3) coastal ocean data integration, 4) sharing
laboratory and field technology information, and 5) discussion on preliminary hydrate dissociation
strategies. This workshop focused on topics in the Arctic Ocean, including hydrate exploration and
climate change. The session topics during this workshop included: 1) Characteristics of hydrate in
marine sediments and commercial value of hydrate; 2) Laboratory and pilot scale experiments; 3)
Characterization and quantification of arctic hydrates; 4) Exploitation strategies and technical
challenges; 5) Theoretical modeling; and, 6) Methane hydrate fluxes from the ocean and potential
climate implications. A summary of the individual topics were discussed with a focus on Arctic
hydrates addressing consideration of future challenges and corresponding strategies for extended
international collaboration. To stimulate increased international collaboration each session chair
directed conversations toward defining approaches to combine individual nation research focus,
funding and expertise in field and laboratory research. This workshop was scheduled for three days,
with focus for the first day pertaining to ocean hydrate research; the second day of the workshop was
devoted to conversations on Arctic Ocean research; and the final day was a series of discussions for
future development.

Il. Summary

This 3 day workshop was attended by 55 scientists from 12 countries (Appendix 1). The text
through this document is an overview of the presentations and discussions during the workshop.
Following this summary key note speaker presentations, summaries of research discussions, and
posters are presented. The key issues addressed during the workshop included the following:

1. Future Arctic Ocean research plans need to be developed with a long term field and
laboratory research and monitoring plan. As a result of the discussions an international
workshop to focus on development of an international Arctic Ocean methane hydrate
research program will be planned for the fall of 2008. Topics that will be addressed in
the workshop will include an overview of the current Arctic Ocean data, new seismic
and pressure core sampling protocol, application of general ocean circulation models

Manuscript approved July 22, 2008.



Methane hydrate drilling needs a more thorough evaluation of well production rates
that are coupled with production models. There is also a need for exploration protocol
and models.

Higher resolution seismic profiling needs to be developed and applied. The seismic
data need to be coupled with CSEM, shallow sediment porewater geochemistry
profiles, and heatflow data for a more thorough evaluation of deep sediment hydrate
deposits. Coupling these parameters is intended to provide pre-drilling site evaluation.
Laboratory and pilot scale experiments need to focus on geologic accumulation of
hydrates, production testing, geomechanic sediment properties, biogeochemical
influence on hydrate formation and stability, and sediment thermodynamics.
Theoretical modeling needs further development in rock physics flow simulations,
geomechanical sediment properties, and environmental system cycling.

Production testing needs small scale evaluation to address, environmental impact
assessment and regulation, efficiency of hydrate dissociation protocols in terms of
pressure and temperature, and flow assurance.
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Breakout sesstons and-rooms will be announced
whenwe know the distributionon the different

groups

* Three PhD students will assist
in‘guiding you to.the different
rooms

Shunping.Liu

Alla Sapranova

Pilvi-Hilena Kivela

These students can also assist
in other practical issues like
for instance technical
assistance in running
presentations

Conference
dinner

The conference dinner will
be at Hotel Admiral; which
is-roughly 5-minutes walk
fromthe conference hotel.
Taxi will be provided for
those who might need that
for some reason. Please
contact someone:in the
comittee .or our students.

e - Dresscode: casual
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B. Overview of 5 IMHRD - Nick Langhorne, ONRG-London

The 5th International Workshop on Methane Hydrate Research and Development was
held at the Marriott Dalmahoy Hotel, Edinburgh from 9-12 October 2006. Approximately 100
scientist from 22 countries attended this workshop. Christian Berndt, Ross Chapman, John Rees,
Bahaman Tohidi and Graham Westbrook organized this workshop in Edinburgh. The emphasis was
on developing opportunities and overcoming the barriers to international cooperation which may have
been perceived in the past. This is to generate more research activity and results through collaboration
than could be achieved by individual programmes. Research to date has proved that there are very
large amounts of methane trapped in the form of hydrates in deep ocean sediments and permafrost
regions. The amount of energy, in the form of hydrates, is estimated to be twice that of all know fossil
fuels. These hydrates have had important consequences in the past, as they will in the future. The
different aspects of methane hydrate research are covered in this Workshop. These include their role as
a source of future energy; their influence on the global carbon balance and associated impact on the
past and future climate change; their possible association with sub-sea landslides and tsunamis; their
occurrence as potential geohazards, endangering exploration and production activities, as well as those
of both civil and military seabed installations. Specific research topics during the workshop included:

e Exploration, mapping and characterization of methane hydrate
- What controls the distribution of methane hydrates?
- What are the natural modes of methane hydrate growth in different
environments?

e Methane hydrate and geohazards.
- What is the significance of dissociation, gas overpressure, sediment
permeability and hydrate growth to geohazards?
- Is there evidence that methane hydrates control some geohazards?

e Physical Properties, modelling and lab-scale investigations
- How can we design experiments to be more relevant?
- What are the limitations, scaling and variability in the physical properties?

e Methane hydrate as an energy source.
- What are the climate implications for exploitation as a resource?

e Seafloor methane flux and climate change.
- What are the impacts of natural methane flux on climate change?
- What is the temporal and spatial variability of methane flux to the atmosphere?
- Can methane hydrate exploitation impact climate?
- How do the dynamics of methane hydrate influence climate change?

11
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1V. Plenary Session 1: Marine Hydrates

A. Invited Speakers

1. US DOE International Focus: China, Korea and India. Edith Allison, US Department of Energy

=7 L IINGHP - Expedition 1T Timeline s>

U.S. Department of Energy International

Mumbai
April 2:

KKB Coring

Chepnai ‘J

6" International Workshop on
Methane Hydrate R&D

Edith Allison

U.S. Department of Energy

May 13, 2008

U.S. Department of Energy

Natural Gas Hydrates in the KG Basin

Geologic Setting: Secondary Precipitates:
« Slope-dominated deep marine

. Authigenic carbonates
« Faults, fractures control hydrate veins, ° 9

nodules « lIron sulfides
Lithologic Components: . Gas hydrates, primarily
« Nannofossil, foram, & smectite bearing to rich disseminated, nodules,
clays & fracture fill

International Modeling « Rare, thinly bedded silt/sand beds & laminae ™"

Consortium, Ongoing (mm to cm)
« High terrigenous organic carbon content

China, 2007

;8

11 o o oo

U.S. Department of Energy

India NGHP Expedition 1

Overview Primary Gas Hydrate Accumulations

« Objectives predominantly in clay lithologies
— A full scientific evaluation of natural gas
hydrate occurrence in a wide range of
marine sediments/environments

10D 10X 4

e Program Structure
— $35 million (US)
— |ODP-like
— Operated by ODL and Fugro
— USGS scientific lead

— Scientists from India, US, Canada, Germany
and UK universities and government
agencies

Rare coarse beds

« Expectations
— Rapid evaluation of hydrate resource
— |ID a near-term production test site
— Initiate a world-class R&D program

Fracture fill

U.S. Department of Energy

Massive

U.S. Department of Energy
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Krishna-Godavari Basin
Site 10/21 - Richest Hydrate Locality Yet Discovered?

e 130-meters of
hydrate-bearing
section

Log-calculated
GH saturations
of 60-80%

Fracture-
controlled
distribution w/in
a shale matrix

Limited areal
extent

Eme e e

U.S. Department of Energy

Natural Gas Hydrates in the Andaman Forearc Basin

e Primary sediment source is
marine calcareous & siliceous
oozes

« Mafic to felsic ash-falls &
volcanoclastic beds (cm
thicknesses)

« Ash layers represent volcanic
activity from the Miocene to
present

Andaman Islands
World’s thickest GHSZ/Deepest Hydrates

Anomalously
deep BSR

Extremely low
temperature
gradient

Hydrate
throughout
column to 600
mbsf

Lithologic
control on
hydrate
concentration

ol 100T ROSE
J\l'y_ ", frewm Briggs o4 al., 2006; Ssianca:

15

s

2005 (My, 8.7)

o [1701 (s
1907 M35
1797 (M -8.9),

U.S. Department of Energy

Ash bed — Core Photo

Line AN-01-34
.

3

U.S. Department of Energy

INDIAN NATIONAL GAS
HYDRATE PROGRAM

EXPEDITION O1
INITIAL REPORTS

Mumbai, India to Chennai, India
Sites NGHP-01-01 through NGHP-01-21
28 April 2006 — 19 August 2006

Velume authorship
T Collett, M. Riedel, J. Cochran, R Boswell, J. Presiey

P_Kumar, A_Sathe, & Sethi, M. Lal, V. Sibal
‘and the NGHP Expedition 01 Scienists

Published
Directorate General of Hydrocarbons,
Minisiry of Petroleum and Natural Gas (india)

Prepared by
The United States Geological Survey

e CD available from
US Geological
Survey

U.S. Department of Energy

GMGS-1 Gas Hydrate Expedition
April 215t — June 12th, 2007

« Principal Participants

— Guangzhou Marine Geological Survey (GMGS)

— China Geological Survey (CGS)

— The Ministry of Land and Resources of P. R.
China

- Fugro
— Geotek

GMGE CGE SR OHINA-FUGRD  GEOTEX

Bavenit (Photo Co

U.S. Department of Energy

Study Area

e Leg 1: April 215t — May 18t
e Leg 2: May 19 — June 12t

« Explored 8 sites in the South
China Sea

« At water depths up to 1500m
up to 300mbsf

e Tested precruise 3D seismic
and shallow geochemistry
based hydrate prospects

« Collect suite of data &
samples for post-cruise
analyses and synthesis for
future expeditions

« Improve understanding of the
nature and controls on
hydrate occurrences in the
South China Sea

U.S. Department of Energy
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GMGS-01 Shipboard Program

« Wireline Logging
— Complete suite of high
precision slimline tools
— Natural Gamma, Gamma
density, Neutron Porosity,
Electrical resitivity, caliper,
temperature
— In pipe logging
— Open hole logging below
about 50 mbml
« In situ measurements were
also made of temperature &
porewater were made using
— The Fugro Temperature
Probe and
— The Fugro Porewater
Sampler (FPWS)

U.S. Department of Energy

GMGS-01 Shipboard Program

At 8 sites a pilot hole was drilled and wireline
logged

— Natural Gamma, Gamma Density, Neutron

Porosity, Resistivity, Caliper, Temperature

— Temperature probe and pore-water sampler
At 5 of these sites a core hole was drilled 10-
15m from original site
Coring

— Long wire line piston corer FHPC ~7.5 m

— Short hammer corer, FC ~3m

— Short Pressure Corers - FPC and FRPC/HRC
Core Analyses

— IR Imaging

— Core Processing

— MSCL Core logging

— Pore water Geochemisty

— Gas analysis

— Pressure Core Analysis, (X-ray imaging, etc)

— Cores preserved in liquid nitrogen for later

tud!
LY U.S. Department of Energy

GMGS-01 Shipboard Program

At 8 sites a pilot hole was drilled and wireline
logged

— Natural Gamma, Gamma Density, Neutron

Porosity, Resistivity, Caliper, Temperature

— Temperature probe and pore-water sampler
At 5 of these sites a core hole was drilled 10-
15m from original site
Coring

— Long wire line piston corer FHPC ~7.5 m

— Short hammer corer, FC ~3m

— Short Pressure Corers - FPC and FRPC/HRC
Core Analyses

— IR Imaging

— Core Processing

— MSCL Core logging

— Pore water Geochemisty

— Gas analysis

— Pressure Core Analysis, (X-ray imaging, etc)

— Cores preserved in liquid nitrogen for later

study

U.S. Department of Energy

GMGS-01 Return to Shore

« Core data are being correlated with the downhole log data to
improve future predictive models of GH concentration

e The core and log data will be used to r ine the seismic
data & develop predictive capability from remote datasets

« Potential future expeditions to both the Shenhu area and

other regions of the northern South China Sea margin are

currently under discussion.

U.S. Department of Energy

UBGH-1 Gas Hydrate Expedition
September - November, 2007

e Principal Participants
— KGHDO, KIGAM, KNOC, KOGAS
— Fugro
— Geotek

— McGill University
— NETL/DOE

Rem Etive

U.S. Department of Energy

Study Area — Ulleung Basin

U.S. Department of Energy
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UBGH-01 Leg 1

« Sites selected on pre-expedition
analyses of 3D seismic data
« 5LWD data sets

Back to Shore...

« Post expedition studies include

— Detailed sedimentological description
of split-core sections and analyses of
sediment sub-samples

— Testing of frozen gas-hydrate-bearing
sediments

— Analysis of gas and porewater
samples collected shipboard

B

« 14 ROV surface cores

B

Depth (mbsf)

E
et

« The postcruise analysis of the
pressure cores was recently
completed

— Will be the subject of a future article in
Fire in the Ice

— One core remains stored under pressure
for future analysis.

1 L] L ] 1000
Fiesistivity (ohm-m)
LWD electrical resistivity from the three “type” locations:

drilled, showing resistivity profiles differing by orders of
magnitude. Gas hydrate was present at all three locations

U.S. Department of Energy

Leg 2: Summary

Documented significant gas-
hydrate bearing reservoirs up to

U.S. Department of Energy

US National R&D Program
Contributing to & Benefitting from International R&D

150 mbsf at water depths between « Multi-national cruises 2005, USGS

5 v Scientists
1800 to 2100m provide scientific access meeting with

« >600m of wireline logs to varied methane hydrate scientists
from China’s

38 Conventional cores

15 Pressure cores

7 Pressure cores stored under
pressure

10 temperature measurements
>50 gas samples

~ 250 porewater samples
~200 sedimentology samples

Plenty of methane hydrate (~20
samples in liquid nitrogen
storage)

U.S. Department of Energy

UBGH-01 Hydrates Samples

« Plenty of methane hydrate in various lithologies and forms
« 18 gas hydrate bearing samples preserved

GH Bearing Sand

¥ | U.S. Department of Energy

deposits not available to a
single country

« Sampling techniques
improved during multiple
cruises

« Access to natural methane
hydrate samples is
important for laboratory
studies

« International cooperation
expands the community of
methane hydrate experts

April 2008,
Knowledge

| Economy Minister

Lee Yoon-ho with

| U.S. Secretary of

Bodman

Energy Samuel

U.S. Department of Energy
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2. Overview of the Japanese National Project on Methane Hydrates. Koji Yamamoto, Japan Oil, Gas,

and Metals National Corporation

Methane Hydrate, Japanese
National Programs

Koji Yamamoto, JOGMEC

Gas hydrate - Japanese National

Programs

METI funded program
— MH21 and collaborators
= JOGMEC, AIST, ENAA, private ciligas companiss, universitiss,
anginsenng compan s, ete.
— Hydrate transport
« JOGMEG, shipbuilding and plant companiss
« MEXT (Ministry of Education, Culture, Sports, Science
and Technology) funded programs
— JAMSTEC — Climate change
— Universities
« MLITT (Ministry of Land, Infrastructurs, Transport and
Tourism funding program
— Mational Maritime Research Institute
«  GCS related GO, hydrate studies
+ Private initiatives
— Hydrate transport, independent studies on production etc.
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Japanse National Program (1)

Introduction of The R&D on
“Modeling & Production Method"

Hideo Narita

—
“@Group Leoder/ The Group for "Modeling & Proguction Method™
MHZ 1 Consorfium, Japan
The Methane Hydraie Research Laboratory
Mational Instifute of Advanced Industnial Science and Technology

The R&D Subjects of The Group
far "Production Methods and Modeling"

1. Characterization of MH reservoir properties and

aluation of reserveir parametsr

Mod

v
L
e
!

ing of dissociation behavior of MH sediment
De

lopment of reservair simulator for MH fislds.

_Analysis of dissoci n mefhods

o e

o

o5S MET

producti st

on tests.

Target reservoir is MH containing sandy sediment
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Development of reservoir simulator

Calculation Routine of
Faservolr Foometer

Changa

Definiion routine of
Inifial Reservoir panameber

N

{ Cora
Tt

Caleulation RoLfing of
Phaie Praparty

Caloulation Rousing af
phase Behavior

Oiher Routine for HiSpeed &
HiePeaformance

r the comparative sfudy®, MH2IHYDRES thowed a good reproduciilty for she MAOT recutts at s
Hbert C2/ Alaska Marh Sape aic.

“The comparate study hos been cegonized by METL, and TOUGH#i-Hydrate {LBL).

Hycrate ResSim [METLY, MH21HYDRES |ABTU of Toloyo, FOE), STARS [SMG), STOMP-HYD: [PHMLU of
Abaskal have been taken part in.

2007-2008 2

Production test.

MH21
Consortium

Joint study of Japan
(JOGMEC, MH21 research
consortium) and Canada
(NRCan)

Canadian
Collaborators

Why depressurization?

Heat stimulation vs Depressurization

Active heat injaction to
the formaticn

Erergy should be injectsd continuoushy
Difficult to tranaport heat to deap formation
i fluid flow s opposite direction of heat flow)

Despresurization: Increass in permeability
by bydrale dissociation belps depressurized
ation

Sfaluimysicis Coml- Disadvantage: Depends on the heat from
—— 2 i g g the surrcunding formation. Effectivene s
\ °‘I“‘1‘h“mm‘n"mm and continuous depressurization relies on

the formation propertias { initial and
abeclute parmeability, betarogeneity
Lenger and more efficient production
is expected, but comirol ix difficult

|Par field conditiog-of
poe smre PP
and temperature =T, — —

Governing squations, paramele rs, mnd
boundary conditions for depressurization

Basic petrophysics of the site

4 or 5 MH beaaring
zones in 890 to
1100mMSL saction
below 650m thick
pemafrost

Pore filling type
hydrate in medium to
fine sand
Targetzone of 2007:
near the bottorn of
GHOZ (1066 to
1100mMSL) = PT
candition is clesed to
the phase equilibrium
Perforation zone:
1082-1094mMSL
(S T0-80%, K=100-
1000md, k=0.1-1md)

Bassd on 2L-38 naw kege (2007

o

||
12

2007-Actual

Gas volume in
casing-830m?*
Sand flow and

Calculate gas volume in the casing (2007)

[ YRR FPUPRN X B [RRpI A —

HE .!"W\."“*J

AT

'
i
'
P
07 A 00 w07 A e

PO R0 I BT S A e
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March 10-18, 2008

6 straight days pump
operation and sustainable
gas production

g _-','.__ = :;f:ﬁ" ‘leu._A,ﬂ 4k :

2002: Sdays-470m? 2007 : half day-830m?
-
2008: 6 days Sustainable
Preduction

Breakthrough!

» Depressurization really work! -> Efficient
and continuous gas production is
possiblel!

— Gas dissociation was sustained
— Depressurization system worked well

— Gas production volume is in the range of our
prediction ... Theory and numerical model
are OK

+ More verification for
— Longer time
— Different conditions {eg. Marine sediment)

Acknowledgements

MET! (Ministry of Economy, Trade and Industry)
MH21 and collaborators (JOGMEC, AIST, ENAA, etc)
NRCan and eollaborators

Aurora College and NWT Government

Imperial Ol Limited

Local communities

Inuvialuit Ol Field Services (I0FS) and IPM
Schlumberger

+ ChevronTexaco, MGM energy corp.

AKITA Drilling, Nabors, other contractors
Partners of 2002 program

— DOE, USGS; USA, GFZ: Garmany, MOPNG, GAIL; India, BP-
Chevion Texace Mackenzie Delta Joint Venture

Future of the Japanese National
Programs

« METI Phase 1 program will be finished

at the end of FY2008 (March 2009)

+ What is next?

— Phase 2: Marine production test

— Phase 3: Feasibility study for
commercialization
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3. Research Plans and Accomplishments for Hikurangi Margin, Ingo Pecher, Herriot-Watt University

Accomplishments and Research Plans
for Gas Hydrates on the Hikurangi
Margin, New Zealand

Ingo Pecher, Heriot-Watt University, Edinburgh, UK
Stuart Henrys, GNS Science, Lower Hutt, NZ

Rick Coffin, NRL, Washington, DC, USA

Jens Greinert, University of Ghent, Belgium

Joerg Bialas, IfM-Geomar, Kiel, Germany

TANO0607 & SO191 Scientific Party, and many others

B.5—= @m ==
I ] PAUT

Outline
» Tectonic setting

* History of gas hydrates research on
the Hikurangi margin

» Highlights of recent (2005+) surveys
* Research plans

» Discussion —why the Hikurangi
margin?

Study Area  rccones

Pacific Plate

— =38°00°
| #t-3830 Australian Plate,

BV starting 21 Ma
R
. .
.. subduction of South: highly
-3930 accretive

seamounts )
(“subduction of

sponge”)

North: more

complex, less

—arar accretive to erosive,

~A0" 00

£ subdd'ctlon
" of sponge”

175" 176 177 178 179

re-entrants,
seamounts
subducted

Tectonic setting

Interpretation of Line 05CM-038

(S. Henrys, pers. comm., 2/2008)
Western
BSR Porangahau Ridge

SEISMIC AgISMIC
_
Forearc basin \m ““k
20 _ ML
Ej 40 . “Splay faulls »
5 g P " Decollement
g 60 O,I S A e
a0l - o .
- Pacific Plate (&
100 FI = i 20 km

Tectonic setting

North Island Geophysical Transect
(NIGHT)

b
top of subductfng

boundary sedimenta
ry & seamount?— -

basnn / Ritchie H|dge ;e

seamount on -
Pacific Plate

“Subduction of a sponge”

» Rapid accretion (12+3 mm/yr., Barnes
and Mercier de Lepinay, 1997)

e Accretionary wedge 100-150 km,
significant de-watering >20 mé/yr per
meter along strike

* Very low taper angle

e Fine-grained mudrocks provide cap for
significant overpressure (Sibson and
Rowland, 2003)

— “Subduction of a sponge” (Townend,
1997)
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Outline
» Tectonic setting

» History of gas hydrates research on
the Hikurangi margin

» Highlights of recent (2005+) surveys
* Research plans

« Discussion —why the Hikurangi
margin?

History

* First BSRs: Katz (1981, 1982)
e Various crustal surveys

* GeodyNZ survey L’Atalante, 1993:
Bathymetry + high-speed streamer
First BSR maps Hikurangi margin

& Fiordland
Townend (1997), Henrys et al. (2003)

»Basis for gas hydrates project at GNS
funded by NZ Foundation for Science,
Research, and Technology (FRST)

History

* BSR distribution and reflection
coefficient (Henrys et al.,
submitted) largely from GeodyNZ
data

History

* Various fishing
vessels and NIWA
cruises: Discovery of
numerous vent sites
and seafloor
communities (Lewis
and Marshall, 1996)

Vent site L&M 3, Rock Garden, water depth 900 m,
plume 300 m high (from Lewis and Marshall, 1996)

History

e North Island GeopHysical Transect
(NIGHT), 2001 — detection of
flattennig of Rock Garden + BSRs

* RVIB N.B. Palmer, 2003, seismic
seatrials, Rock Garden

— Hypothesis that seafloor erosion
linked to gas hydrate freeze-thaw
cycles at top of gas hydrate
stability (Pecher et al., 2005)

History

 R/V Tangaroa, 2004, 1 day of
bathymetry, water chemistry, towed
(METS) sensor

— Discovery of methane anomaly in
water column on southern edge of
Rock Garden (Faure et al., 2006)

— “Faure seeps”, more later (SO191)
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History

* M/V Pacific Titan, 05CM-038, 2005,
industry-style seismic line acquired
by GNS to analyze potential “sweet
spot”, Porangahau Ridge

* R/V Tangaroa TANO0607, 2006, first
dedicated gas hydrates cruise

History
* R/V Tangaroa TAN0616, 2006, vent
sites, first gas hydrates sample

» SO191 (“NewVents”): 2.5 mos.
dedicated to gas hydrates and vent
sites on the Hikurangi margin

* Here: Focus on last three years:
05CM-038, TANO607, TAN0616, SO191

Outline
» Tectonic setting

» History of gas hydrates research on
the Hikurangi margin

» Highlights of recent (2005+) surveys
* Research plans

* Discussion —why the Hikurangi
margin?

Highlights, 2005+

* Rock Garden — seafloor erosion and
methane venting

» Porangahau Ridge — focussed fluid
expulsion

e Omakere Ridge — higher-order HC
(but only there...)

e Wairarapa — CSEM (— high gas
hydrate saturation)

B: Rock Garden

A: Porangahau
Ridge

1\
75 176" 177 178° 178"
Figure 1: Location map, T: Temperature sensor

R/V Tangaroa TAN 0607

e 20/6-2/7/2006, R/V Tangaroa

* Seismic: 45/105 cu-in Gl gun,
(theoretically) 600-m long streamer
(GNS Science, NIWA)

e Heatflow (Davies-Villinger, NRL)

e Coring, pore-water profiles (NRL)

» Coring, paleoceanography (NIWA)

e Water column chemistry (GNS)

« Recover temperature sensor (NIWA)
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$0191 Overview: 11. January to 23. March 2007

Five main working areas have been defined for detailed studies during SO191.

Legl

MC seismic, side scan,
" OBS/H, CSEM, MB,
equilibrator, deep-tow—
streamer

Leg 2

Side scan, lander
deployments (FLUFO, BIGO,
" GasQuant), sediment
sampling (GC, MUC),
carbonate sampling (TVG),
water column sampling,
. mooring, MB, equilibrator

Leg 3

“ Lander deployments (FLUFO,
BIGO, GasQuant), sediment
- sampling (GC, MUC),
carbonate sampling (TVG),

| .. Wwater column sampling, MB,
and ROV dives

Rock Garden and
Ritchie Banks

Seafloor erosion at top
of gas hydrate stability?

Bathymetry

ZIS: zone of intermediate
stability

S-I: Structure-l forming
gas mix

CH4: Methane hydrate in
seawater

(see below)

' Rock Garden and
Ritchie Banks

Key observation: edge of
L flattened plateaus
coincides with BSR
| pinchouts (top of gas
% hydrate stability, TGHS)

L Seismic lines
(NPB0304D) across

I Rock Garden and Ritchie
Banks. Red/blue: ZIS as
| in previous figure; after

- : Pecher et al. (2005) and
Sl ~uined[ Pecher et al. (submitted)

temperature range Rock Garden and

90 ; N I : - A N II H H
585 Wq{ Ritchie Banks
és,o Fluctuating TGHS

275 Temperature record
7 1|1 days from 1 Mar 05| — Larger range, lower
0 100 200 300 400 frequency than assumed

Temperature record i [Peelier e 2L GOE)

temperature profiles B
from ic CTDs

istori

Revised level of ZIS
1/7 and 4/8: ZIS
1345 2:Old top of ZIS

1 Ls_l 3, 5: Ridge crests

6: BSR pinchout in
line 2

8 10 12 emperature o) 8 10 12

Hypothesis — weakening of sediments from repeated gas
hydrate dissociation and formation (Pecher et al., 2005)

gas hydrate Weakened sediments
dissociation, sliding down ridge,
expansion of carried away by

pore volume, currents

formation of

cracks Only hypothesis

i (discussion: erosion,

Co0'Ng g6 hydrate penetration of

formation, temperature signal,
escape of gas, etc.,

contraction of
etc.)
pore volume,
closing of Focus on gas release

cracks o )
New insights since

2005

Rock Garden and
Ritchie Banks

* Another flattened ridge?
* Line T16 beyond ZIS but
most of this ridge within
it

* Slumping, initiated at
THGS? (Modelling:
Fohrmann et al., 2006)
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Rock Garden and Ritchie Banks

* Dredge samples TANO607 Mudstone seems to be
“country rock”
* Role of carbonates?

Mudstones (left), sandstones, carbonates, TANO607

Rock Garden and Ritchie Banks

« Original hypothesis: Freeze thaw cycles of
hydrates lead cracking due to volume expansion
from gas release during dissociation

* Now: Role of capillary forces in confined spaces:
Cracking (or widening of existing cracks) due to
hydrate “volume expansion” during formation?

hydrate _ Conceptual model of hydrate growth into
cylindrical pore throats leading to capillary
forces (after Anderson et al., 2003)

T
3
z

* Repeated freezing/thawing of water ice common
technique to disintegrate mudstones...

« Keep in mind: repeated slumping at BGHS, gas
column beneath hydrates — only hypothesis!

Rock Garden — Gas Beneath Faure Seeps

= z - =

Rock Garden — Gas Above Faure Seeps
At one CTD station, high CH, concentrations were found in
only 100 m water depth. Higher concentrations were also
detected at the sea surface, but vanished after a storm.

b

s

jC——

H » o .

(after Crutchley et al., in prep.)

" e From J. Greinert, 2007

Summary — Rock Garden and
Ritchie Banks

Hypothesis of seafloor erosion: Role of capillary
forces during gas hydrate freeze-thaw cycles in
mudstones?

Gas conduits that feed vent sites resolved in seismic

Faure seeps, vent site at TGHS, perhaps (!)
contributing to elevated methane concentration at
sea surface

Porangahau Ridge

Five main working areas have been defined for detailed studies during SO191.

" Legl

MC seismic, side scan,
" OBS/H, CSEM, MB,

equilibrator, deep-tow-—
* Streamer—

Leg2
Side scan, lander
deployments (FLUFO, BIGO,
“  GasQuant), sediment
sampling (GC, MUC),
= carbonate sampling (TVG),
water column sampling,
. mooring, MB, equilibrator
Leg 3
Lander deployments (FLUFO,
BIGO, GasQuant), sediment
sampling (GC, MUC),
carbonate sampling (TVG),
... water column sampling, MB,
il and ROV dives
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~ sections shown below

T T
177720 177730
TANO607, R/V Tangaroa: 625 m streamer (initially), 45/105 cu-in GI gun
Processing: NMO (water velocity), stack, migration

distance (km)

extensional faulting

development of
amplitude anomalies
above regional BSR

_—

distance (km)

further development of
amplitude anomalies

25 +—L 1 extensional faulting

distance (km)

breaches seafloor

distance (km)
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TANOG6O07 lines

still some “wiggliness”

new thrust sheet developing

distance (km)

Along 05CM-038 (results from waveform inversion shown later)

TANO60O7 lines

25 1_ new thrust sheet developing

distance (km)

TANO60O7 lines

new thrust sheet developing

25

distance (km)

TWT (5)

TANOG6O07 lines

reduced reflectivity in new thrust sheet

distance (km)

Full waveform inversion

G0 G100 CMPnumber A0 BTO0  BBOO RGO ma00 A0 R3O0 AW00
250

o

& Twaway 5 543

i pal -'-\l'ei}l 3 o vy BiTD
Full waveform inversion on seismic amplitude anomaly above BSR shows high
velocities from gas hydrate layer (from Crutchley et al., in prep.)

Full waveform inversion

cMP  2%07 0 02
8689 Vp diff. (km/s)
— Distinct high-velocity layer above low-velocity layer
— Gas hydrate above gas
— At phase boundary (local BGHS)
(from Crutchley et al., submitted)
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Line P04

-y Weaker reflection with
positive polarity above
= strong reflection with
Fa negative polarity?

' * — Gas hydrates above
gas? (Next step: acoustic
impedance inversion —
S. Toulmin)

i
A
LY

i

Heatflow from top of amplitude
anomalies

?o — s: 7 probably artefact

—— P8 f

o
&

g Note: heat refraction not ¥ i ¢

£ 4 | accounted for; artefact in F

& P5 may be caused by ;‘J \ ‘

i notch in seafloor PET
|

datance (km)

— Strong advective heatflow anomaly,
focusing of fluid expulsion

Fluid expulsion on the
southern Hikurangi margin

high-flux
low-flux environment environment
«—>
f fluid expulsion through
f extensional faults

low-permeabiliy —
sediments in?
> slope basins

—— 7 07 mudrock 4
undeformed low- __~ A~ i L T Ty A A
permeability rocks? -

along thrust fault

Example: Gas and hydrates (?)

distance (km)
Gas in faults beneath ridge, similar features in slope basins
May explain why we haven’t seen any flares or pronounced
geochemical anomalies — very localized (and ephemeral?)

CSEM and Seismic

TWTis)

= :m-,ﬂ

2400 2200 3000

CSEM: K. Schwalenberg, BGR; Seismic: GNS Science

Joint evaluation planned for 7-9/2008, S. Toulmin, K.
Schwalenberg

Porangahau Ridge

TANDBOT Tharmomatry Line 2 (L 5. NRL)
ao.

as Porewater Chemistry,
] Surface Heat Flow, and

& W CSEM
\

e e

§

“lams.za

— Poster Coffin et al.
3 Canduction + Advactive Flux
(Note: heatflow story
more complex than
pretended for this talk)

Thermal anomaly
¥ 'Warren Wood,
pers. comm., 2006
TANOBOT Sesimic Line 2 (Now Zosland GNS) Heatflow data: NRL
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Summary — Porangahau Ridge

» Evidence for strong advective heatflow
anomaly

— Focussed fluid expulsion on southern
Hikurangi margin along thrust ridges
and possibly “pipes” through slope
basins

» Slope basins otherwise seem to be
low-flux environment

» Missing link — water chemistry/pore-
water chemistry/geophysics

$0191 Overview: 11. January to 23. March 2007

Five main working areas have been defined for detailed studies during SO191.

Legl

MC seismic, side scan,
OBS/H, CSEM, MB,
equilibrator, deep-tow—
streamer-

Leg 2

Side scan, lander
deployments (FLUFO, BIGO,
GasQuant), sediment
sampling (GC, MUC),
carbonate sampling (TVG),
water column sampling,

. mooring, MB, equilibrator
Leg 3

Lander deployments (FLUFO,
BIGO, GasQuant), sediment
sampling (GC, MUC),
carbonate sampling (TVG),

. water column sampling, MB,
equilibrator and ROV dives

(from J. Greinert, EGU 2008 talk)

Omakere Ridge: Sediment gas composition

One core (MUC-5) at Bear's Paw showed
high concentrations of higher HC.
Otherwise & elsewhere by far mostly
methane (from J. Greinert, 2007)

Depth Methane Ethane Propane n-Butane | n-Pentane | n-Hexane
(cm) (nM) (M) (M) (nM) (nM) (M)
0-1 9699 65 58 148 302 315
12 8743 9198 9817 8902 7696 6967
23 2959 11 6 10 22 14
56 16299 226 64 69 200 147
15-16 133746 246 78 139 318 191
ca/c1 ca/cL c4/c1L cs/C1 ce/C1
0-1 0.007 0.006 0.015 0.031 0.032
12 1.052 1123 1.018 0.880 0.797
23 0.004 0.002 0.003 0.007 0.005
56 0.182 0.23 0.31 0.407 0.142
15-16 0.002 0.001 0.001 0.002 0.001

S0191 Overview: 11. January to 23. March 2007

Five main working areas have been defined for detailed studies during SO191.

Legl

MC seismic, side scan,
" OBS/H, CSEM, MB,
equilibrator, deep-tew—
streamer

Leg 2

- fmndep Side scan, lander
. | __ deployments (FLUFO, BIGO,
ALy |~ GasQuant), sediment
| sampling (GC, MUC),
- carbonate sampling (TVG),
water column sampling,

. mooring, MB, equilibrator
Leg 3

“ Lander deployments (FLUFO,
BIGO, GasQuant), sediment
- sampling (GC, MUC),
carbonate sampling (TVG),

. water column sampling, MB,
equilibrator and ROV dives

(from J. Greinert, EGU 2008 talk)

Wairarapa — CSEM

(from Schwalenberg et al., submitted)

Wairarapa — CSEM

(from Schwalenberg et al., submitted)
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50% poresity, 5 Qm resistivity

—» 69% satiation with non-
== conductor

— serious gasiE hydrate conc.

(and/or gas?)

(from Schwalénberg et al., submitted)

Outline

e Tectonic setting

» History of gas hydrates research on
the Hikurangi margin

« Highlights of recent (2005+) surveys
» Research plans

* Discussion —why the Hikurangi
margin?

Research Plans — NZ

* GNS Science: FRST re-bidding —
strong focus of leveraging future
international research campaigns

e Canterbury Association of Engineers
(K. Chong) — development of gas
hydrates strategy aimed at
production in the future — seeking
additional funding from Ministry of
Economic Development

Research Plans — NZ

» Ministry of Economic Development
(Crown Minerals) considering to
exclude gas hydrates from petroleum
permitting (??) — (re-establishment of
International Research Corridor for
Gas Hydrates)

» Gas Hydrates Roadmap (Beggs et al.,
2008) — Economic analysis of the
viability of gas hydrates extraction —
aiming for extraction by ~2020

Research Plans — NZ+Intl.

* NZ as of 2008 part of IODP
consortium (5%7?) — future proposals
from NZ may have strong gas
hydrates component

Research Plans — Intl.

* IfM-Geomar proposal to return with
R/V Sonne, with GNS leverage (J.
Bialas, G. Netzeband, et al.)

» 3-D SwathSeis + 4-C OBS

* CSEM

» Heatflow

 Gravity coring

* ROV

Strong focus on linking gas
conduits (3-D seismic) with vents
Etc., etc. (sorry | am a geophysicist)
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Outline

Tectonic setting

History of gas hydrates research on
the Hikurangi margin

Highlights of recent (2005+) surveys

Research plans

» Discussion —why the Hikurangi
margin?
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Southern Hikurangi Margin Gas Hydrate System

Ridges: high flux, BSRs
strongest beneath anticlines

Extremely high fluid flux,
high advective heatflow —
“BSR” shoaling

Gas escape —
Disappearance of “BSRs”

Gas escape
through faults?

Slope basins:

25 low flux, no BSRs,
0 overpressured?
E 35
Fan
45

— Link BSRs/gas hydrate

with supply of older fluid
40 (recycling?); but whati s
'** source of methane?

LinkrBSRs/gas hydrates with
low-refl., older (?) material —
role of fractured mudstones?
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4. Development of Natural Gas Hydrate Transport System. Tatsuya Takaoki, Mitsui Engineering and

Shipbuilding Co., LTD.

-Natural Gas Transportation in form of Hydrate-
(NGH Supply Chain)

May 13 2008

@ NGH JapanCo, Lid.

2. NGH Process Developing Plant @ NGH JapanCo., Ltd.

MES (Mits Eng g & Shipbuikdog Co, Lid ) bas developed NGH prod with
the process development plnt (FDUD from 2002,

Capacity : 600 NGH-kgiday 1
.{ - [ Pellets ]

Coufilertial & Privileged

Contents @ NGH Japan Co., Lid.

Natural Gas Hydrate (NGH) Pellet
NGH Supply Chain
Transportation of NGH
Market of NGH Chain

Commercinlization Schedule

Confidentinl & Prvibeged

3. Lens shaped pellet (2008.2.27) @ NGH Japan Co., Lid.

1. Natural Gas Hydrate (NGH) Pellet @ NGH JapanCo., Ltd.

4. Natural Gas Supply Chain by NGH LE;D NGH JapanCo,, Ltd.

NGH st ] s supply cain ensbles developmient of medium & sumller size fields which are
ecomnucally difficult 1o mopetize by ING sechnology. NGH dranmtically changes gs world
magket with supplying economical and eco-friend g trmpor medin

e Based on New Technology. W-r“—
ol gns i Creale a fulure Gas Supply chain Sataty sueply
Confidertil & Privikepad borwaes moply source
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5. Dissociation Rate Powder vs. Pellet k-_- NGH Japan Co, Ltd.

8 ' B
i i
4w 3

i 3
I = £
‘ we i

P om oM oW o oo
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Dissocintion Rate Powder vs. Pellet

8. NGH Equilibrium Curve @ NGH Japan Co., Ltd.

WGH & produced o1 4-6 degree C wnder pressime of 5 Mp. Afler cooling down 1o -20 degree C,
d ized 10 . Keeping of «20 degree C th | and

At re-pasification warming up to 10— 30 degree C depended on requined g-m.‘. pressure.

1000 -
H+G+l Giom
1:ke
e L : Liguld water
i Step 2. Cooling .
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T |

w
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E Step 3. Storage under self-preservation
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Confulentil & Provkeged

6. Dissociation Rate of The Pellets

@ NGH Japan Co, Ltd.

Self-Preserved Siate

1.06-02 [ ;
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t
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Temperature (K

Confidential & Privileped

9. Tramsportation Temperature NGH vs, LNG @ NGH Japan Co., Ltd.

Cryogenic

—]
LNG -162 deg. C.

Production Transportation & Storaps Re-gsification

7. Mixed Gas Dissociation Rate @ NGH Japen Ca., Ltd.

Dissociation Rate of Mixed Gas Pellet (Mitsu-Made Pellets)

ns- | ea

wesree | R ot ez
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Methane 100%

Metbane + Ethape 4.2%
Methane + Propane 8.2%
Methnne + Propane 4.1%

10. NGH vs. LNG in Properties @ NGH Japan Co., Ltd.

WGH, compared with LNG, can be bandied under nmch malder condition through produce. stomge
ion due 1o § i Effect . NGH saves capital 1 operati

I LNG |

20 degree €
In Ilm2 165Nm3 gas plus L8m3 waler [ BOONmI gas

| specific Gravity 0.85-0.95 I osz0er

| xeHeanbe 1 under “milder” thanLNG |

NGH saves cost and is m—frhndli' I

Confilenml & Proieed
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11, Diversification of Natural Gas Supply @ NGH Japan Co,, Ltd.

Accordizg 1o shap gscrease of mia] g demand, wtonly mujer fekds b abo medinm &
snmll g fields will be developed. 1n those cases NGH could be o powerfial method 1o monetize
) pesouees.

14. NGH Transporiation Chain @ NGH Japan Co., Ltd.

Major
fields
NGH capital cost s
less than LNG by
0 25%
{Current) {Fuure)
Confulential & Prvileged
]
12. World Gas Fields Distribution @ NGH Japan Co., Ltd.

There are a lot of medimm & Snmller sire s fiekds i the workl Totlof ihem & $0% @ namber
and 40% in resotrces.

Over 30
s i | i
% 10-30 i
E i I
£ s-10 i
5

1-3 | I
B -

031

200 1000 1200

Offehore o "
S Field Y " In Mmber / "In resource

Comfilential & Prvileged

15, NGH Production Plant and Export Terminal @ NGH Japan Co., Ltd.

NGH producing phit with capacity of 24000 tomday (LNG 1 million 1oms year) and expost
ferminal

13, Mid. and Small Gas Fields in SEA & Oceania @ NGH Japan Co,, Ltd.

( Gas fields 1~85 TCF)

Sourcs | HSA JOGMEC

16. NGH Dedicated Carrier @ NGH Japan Co, Ltd.

NGH dedicated carrier with desd welght capacity of [00.000 soms (LNG 13,000 1oash witls
umloading gears.

Length 5w
Breadth = d6m
Death %m
Draft e

[ Dead Woight - 100, 000
| Capasity 160, 000
| fpeed 17 knats

fons (LMG © 13.000 tons) |
al

Confelent ] & Trivileged
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17. Capital Cost NGH vs. LNG @ NGH Japan Co, Ltd,

Inour case study. tramsporting mtaral gas (LNG) of | million boms per year and tramspon distance
of abs kmcase, NGH & 1 compared with LNG by 23%,

25%Less

Total cost of
LNG =100

NGH (75) LNG (100)
Confalaitil & Prvilged

20. NGH Market Arca @ NGH Japan Co., Ltd.

Expected NGH market mones of 6,000 ki (3.500 mutical mile) in radins have sigmificant meanmg
in world pas wmde network.

Coufilential f Privileged

18. Cargo Denmnd NGH vs. LNG @ NGH Japan Co,, Ltd.

NGH has i jonof ! d while NG fs suitable for big bor
trarsportation W comsider there is the close point ,as fr cargo demand, arvind gas densnd of
15 million rons per year.

High

CIF Gas cost
: NGH
1 LNG
Low NGH <=i=pLNG
Small lot J Large lot
2 : : 2 Customer’s gas demand
0.01 o1 1 10 (MMtpy)

Confidentin] & Provikeged

E Ay
250,000,006, to
41 trwi 220000 wal

12. Transportation Distance NGH vs. LNG @ NGH Japan Co., Ltd.

As for transportation distance. NGH bos an advameage in mnge ofbetween 1000 km and 6,000 kn
compared with other tmnsport medin

1-2MML (NG ocean
CAPEX-DISTANCE portfolio

Comfulentn] & Previleged

22, Development of NGH Techmology @ NGH Japan Co., Lid.

Wa ars hars Commercishration

v
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23, Demo-Plant for NGH Land Transportation @ NGH Japan Co., Ltd.

@ NGH Japan Co,, Ltd.

Confidertial & Proileped
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5. Resource Assessment of Methane Hydrate in the Eastern Nankai Trough, Japan. T. Fujii, Japan Oil
Gas and Metals National Corporation.

JOGMEC Resource Assessment of Methane Hydrate
in the Eastern Nankai Trough, Japan
T. Fujii, T. Saeki, T. Kobayashi, T. Inamori, M. Hayashi, O. Takano, T. Takayama,

T. Kawasaki, S. Nagakubo, M. Nakamizu and K. Yokoi
Japan Oil, Gas and Metals National Corporation (JOGMEC)

INTRODUMTION

Salsmic data from the Hankal Trough, offshore canfral Japan, Indicates
widespread distribution of bottem simuating reflectors (B3R) that ara
infarpretad to reprasant iowar boundary of methane hydrate (MH) bearing
zonas. MH In tha Nankal Trwu%rnla a pobanilal natural gas resource,
howaver, the voluma, distribution, and cccurrence of MH In thiz area la
poory understood. Resource assasamant of MH In offghors Japan has
been attemprled Intamlvelraﬁ saveral ressarchars In the past[1, 2]
Howavar, loe asssaement based on high danstty 20030 sslsmic
SUrVey and wall data had not been conducted.

Regourcs asssesmant of mathana hiydrats (MH) In tha sastem Nankal
Trough was conduciad through probabilllstic approach wEing 20630
salemic data and drilling survey data from MET expleratony teet welle
“Tokal-okl to Kumano-nada™ [3, 4, 5. 6] 'Wa have exractad mars than 10

pactive “MH concantrabsd zones™ [7, 8] charachartzad by high
raslativity In wedl log, sfrong salamic reflackors, salamic high veloclty, and
turbldite deposit dalineatad by sedimentary facies analysls.

1 Survey Area (The eastern Nankai Trough)

The amaunt of methans gas contalned In MH bearing
2 Method |'vers was cakculsted using volumetric mathod for

sach zone. Each parametsr, such as gross rock
wolums [GRV), net-to-groes ratie (NIGY. poroeity | é),
M pore saturation (Sh), cage cccupancy, and wolume
raflo was given &8 probabilistic distribution for the
Mionte Carlo simulation, conaldaring the uncartainty of
thega gvaluations.

Wolumetric Method (Gross Rock Volume Model) with Probaplistic Approacn

MH Resources (in place) = GRV < MG = ¢ = 5, = VR = C0.728.3
F v unite. Data sources

MH Recourcss (In plaos) bl ‘Without wall aontral

GRV | drossRook | MM Sirong Reflesiors [fop + bottom (BERT)
Volums ‘Belemie Valootty anomaly, Eand disirbufion
W | Het-Srocs raflo | Fres abrong Refeobors Eelomic Fackss Map
+ WD F i = Litfwofaniss eolumn
Fras

WD denciy bog WD denciy + oors
1B-IinLdEDDrH analyels ivioinky walk)

L MH Pora Fras | LWO HMA and dancy | RalaSonchip bebwsan
Eaturalian Iog (Callbrated by PTCS | Ssiemio valoolty and MH
T ioef) | caburaiion {viciny wels)

WA | volumsRabic | Frae 172{0°C, Tabm)

CO | Caps s Fras LR Fier e Falinel e Sk
283 | Comversioniacice 1 b = 28.3 MMM

Software: Crystal Sall { Monte Caro Simulafon)

3 Gross Rock Volume (GRV) Estimation

1. 8irong salamic amplituds anomaly - velocity anomaly

2. Time-lo-dapéh converaton: Imberval velocity derved from Selsmils Vialon
While Drlling {5V,

3. Rk factor was applled for the esfimation of the GRV In 20 sslsmic area
conaldaring the uncartainty of aslemic intarpredation.

Correinion betwesn wel Iog
[resisinity) and SESmIC refiectors

H
iceriication of the top and bobom of
WiH monceriraied layers

Ficking of sirang Welodty Analysizs
rafiactors {High valzests sone) | [

Exfraction of Wi Wiume
concemiraked layers Calcuintion
I

Frooabilistio Distriason

Logriomal Disirbuion

FSI- 08"GAY
P 1.2°GRY
G- sl oo ging SRR

Net-to-Gross ratio (N/G) Estimation (1)

With Control Well:
Relationship betwasn LWD reaistivity and graln alzs

L.
— T W AT Wall & Logariens Pt
{3t -

o | Lograma

erECion

damm | cswin | | om

tobwm | W |0 | om | [ )

[T N I ™ = e
[

namm | wfdes- | 0 [em

| kg o LD A Ay 2 e
N ECTRETT

o g [0

=

8

.

EL

Net-to-Gross ratio (N/G) Estimation (2)

WO Control Well
Selsmic facies map craabed Dy ssquanca stratigraphic approach [3]

T - 3

IR —Facier
S &

coem T 3 T
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6 Net-to-Gross ratio (N/G) Estimation (2)
WiIO Control Well

=]

Lin st sg oz omn o walle

Saiwmk Fuchen Mz
: e

(mn g

Tyl Sars ralc far
BACT dsLT i T asier

ol ST
Cowniandraa 3 on

7 MH pore saturation (Sh) Estimation (1)
With Control Well

1. Comblnation of denalfy 1og and NMR |og (DMR mathod [10, 11])
2. Callbration by cbesnved gas volums from onboard MH dizsoclation tests [4, &]
using Prassure Temparafure Core Sampler (PTCS [3, 12]).

el &
LW Baulnthaty TR Log I —_
- T — W e wi el
e R e ey
= = N = [
[T T TR
-
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] [T — -
PP .
. - o
£ 1]
=1 Grur 35 e
Y |- i
[ 3 B el Tﬁﬁ A
|'ﬂm\u"fl.r£l wl::‘\:ﬁ-il - MH R |
miey - TCMRa &, = 1 TCME! i

B MH pore saturation (Sh) Estimation (2)
WO Control Well

Ralationehlp betasan salzmic PAwaea Interval valocity and Shfrom HMS jog
atwimll hocation.

T | T |
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MH bearing layers other than
MH concentrated zones: BSR distribution

MH PBancoares | pleca] = A %Kt Pay 5 @ 68, WV KO0-T03

Wolsmattic Msthod (Aran % Rl Pay Boaal) wiih Bro bas Dnc Approech
sl kag # cors dutal

=3 220k

1

Profnbi e Shtribalion of
Bl il

 JOGMEC
)

1 D Results of Resource Assessment

(Methane gas in place)

1. Total amount of mathana gas In placs ; 40 fof (Prmean).
2. Zas Im placa for MH concentrated zons: 20 tcf (Pmean) - Half of Tobal amound
320 tef akso corresponds to the amount of methans in fhe aastsrn Mankal
Teugh [T000kME) avaluatad by Satoh st al. (159€) [1].
440 b comreaponos to 14 years annual consumpdon of natural gas in Japan
[2.51ct, BP staflatical review In 2005).

5. &real extent of BSR In our study In fhe aasbem Mankal Trough [4.587km?)
oecuplad only about 10°% of assumed whicls BSR of offehors Japan

|51,600Km2) [2).
e inra (T okal i KH R i placa
Catagory GRV | WG | & | Bu.| V& | GO | P00 | FID | R
ddiwh | ey | dweg | domo | e | dey | G chadi Ehife
e | ae | osz B e
237 | oes | nas

WH Bsaaticy domn | gy | osn | oge [ oma | oss | oama| s anasa
Lavyar 0t | Bl

13Mam0 | ooz

L
Total AL | BGLE3 | 40

ORY. Gross Rock Wouma, NG Mel e Jress mbe, @ possity, S, hydnle sos seluralon,
VR Vele=e Rasa, C00 Cage Oocopmarey

WRith Wl Cenligd. MH Concenrated bpers cesiimmad by Wall dats

Apnusl comsumpdan of natural gas In Japsn (2005 0.082Tem= 2.57:f
[BF Slalstical Revizw |

11

Example of Probabilistic Distribution
and Sensitivity Analysis

Probablistc distrbution of Methane gas
ni place for one MH concentraled Zone

b

nia B L
- - - L]
A Faorcelty T |
s = Eansithity Analgsls
ME I ——
aaturation et
P 2
15,
i Cags =]
A o -
X Cegree of serslvily
Welume MR ExuratlorsGRY
[Faabis * 00

CONCLUSIONS

Total amount of methans gas in placs contained In MH within suney
area Intwam’amﬂmkablﬁ'rrwm w?am;awummmwm Pmean

valus ;10 fef, PAic 83 fof). Total In placa for BH
:amwman d mﬁlﬁm aafimated to I:-EJI} lnrqﬁn urp1|3:rtnl amaount) ag
Fmean value(P30: &.3 tof, F10: 33 tof) . Sanstbivity snalysts Indlcated
fhat the WG and Sh have highsr asnaiflvity than ofher parametars, and
fhey are Important for further datall analysls.
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B. Breakout Sessions

1. Characteristics of hydrate in marine sediments and commercial value of hydrate.

Session Chair: Warren Wood

Suggested Topics:

What are the present limitations, and corresponding challenges, in our understanding of the dynamics

of marine hydrates in porous media?

How can we best bridge the knowledge gaps so as to improve our abilities to quantify the commercial
value of different marine hydrate occurences in terms of hydrocarbon distribution and feasible

exploitation schemes?

Alternative approaches for in situ conversion to energy and/or other products?

International priorities and possibilities for funding international research collaboration.

Overview of Discussions

Characteristics of hydrate in marine sediments and commercial value of hydrate
WHAT DO WE NEED

How do hydrates form in sediments?

Fine — coarse grained

Water in gas a problem for production?

Dissociation around heat pipes spacing, heat input

Challenges — Looking in the wrong places?

Need to find good reservoirs. Challenge is to geophysics or geologists. Go for sands

Predict from sesimic profiles — build geological — hydrocarbon model. Include possible sands
slumped from shelf edge. Prospecting?

What concentration threshold is required for commercial viablilty. Production rate is also
crucial.

Activities need to be

1) profit driven (eg oil shale, tar sands)
And/Or

2) Nurtured by govt. Or research community

Is each occurence of hydrate unique? Hydrate formations are significantly undersampled. (how
do clays and other environmental factors affect hydrate concentration, potentia for flow, etc)
How do soils frature pnumatically

What are the effect of grouting and other production activites

Production requires melting — how do we do this? Heat? Chemistry? Pressure?

Improved rock physics models with hydrates. Lithology and frequency dependent, perhaps also
anisotropic

CSEM joint with seismic — simultaneous modeling and inversion

Achieving goals

Start by looking at hydrates that are auxilary to conventional
fields- gain experience with reduced risk

Production Modeling needs improvement

Look where we have existing infrastructure (e.g. Petrobras and
other deep water operators)

Data from shallow sections logs and seismic

Can these be acquired and released at minimal cost?
Look at old data in new ways (resistivity)

Develop and use new technology — pressure cores
Higher resolution data

Use geohazard data better
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In Situ energy

How can energy be used locally to enhance recovery or profit
Fuel cells on the sea floor (seafloor battery)

Convert methane to carbon and hydrogen

Rates are a limiting factor

CO2 sequestraion, political pressure forms economic pressure in
the form of carbon credits.

Take away

Need access to Higher resolution seismic (3D)
Production rates as well as volumes

Improved production models (include hole maintenance, flow
assurance through stability field, enhanced recovery)

Exploration and geologic models that include shallow seismic

and logs

¢ International Priorities

« Systematic excercise in comparing regions.

* Globalization of analyses. Databases holding raw and analyzed
data from drilling, seismic etc. Very few data sets presently

» Data sharing between countries and companies. Most hydrtate
programs are national or driven by national needs.

« Reduce risk of loss for oil companies sharing data

« Collaborations like JIP govt and industry (e.g. seismic
exploration is dominated by industry — what would it take to
share? Pressure core technology developed largely by EU.

 Political leadership

2. Methane hydrate fluxes from the ocean and potential climate implications.
Session Chair: Jens Greinert

Suggested Topics:

What are the impacts of natual methane flux on climate change?

What is the temporal and spatial variability of methane flux to the atmosphere?
What is the impact of climate change on global economy?

What is the contribution of methane to ocean carbon modeling?

How do we model methane contribution to climate change?
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Overview of Discussions
Breakout Session B: Methane hydrate fluxes from the ocean and potential climate implications.

Key Points:

1.

C.
d.

Bubble vs dissolved flux for water column input. Breakout bubble dissolution relative to
atmospheric input.

Consideration of bubble transport distance (water column depth), bubble gas concentration,
chemical outer shell coating, water column methane concentrations, water column methane
turnover, water column salinity and temperature is necessary.

Need modeling to determine the key parameters to predict the methane fate water column vs.
atmosphere.

Model will include total cycling relative to grazing, nutrient mineralization.

Basic focus in water column vs. atmosphere methane flux. This needs to be quantified.
Set transport water column vs. atmosphere in vertical line near shore to offshore. Include
methane concentrations in the water column and concentrations caught in water column-
atmosphere gas trap.

Compare trends for constant flow vs. random/high flux features.

Does tidal variation or current circulation change these profiles?

Set spatial region in locations that are stable temperature vs. changing temperature for
predictions of climate change impact.

Couple these surveys with the Greinert sediment hydroacoustic profiler.

Need an environmental assessment that incorporates modeling and field work in the current
Arctic to predict future methane flux and the contribution of methane to the climate change.
Need to set the limits for impact of methane on atmosphere as a function of water column
depth. This needs fieldwork. This focus is set with the thought that methane flux is not
significant at a water column depth of 200 m and greater.

Studies focus on continental margin stability controlled by carbonate formation via methane
oxidation.

Methane contributions to carbon cycling in sediment and water column.

We need some thorough spatial survey of the in situ methane turnover.

Summary:

1.

Need general ocean model to (GCM) to include methane input. This would include seasonal
forcing, bubble dissolution.  This could use the Gulf of Mexico model and transition to
Arctic. This would need a combination of modeling, geochemistry, satellite imaging, and
physical oceanography.

Need fieldwork to set depth of concern for the methane flux to water column vs. atmosphere.
This would contribute to the methane carbon cycling in the water column. Need thorough
breakout of dissolved and gas phase cycling from sediment to the water column in different
water columns with consideration of depths, meso-scale eddies, temperature profiles, etc.
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Participants

NAME

AFFILIATION

N. Langhorne
G. Nihous

Y. F. Chen
H. Haflidason
T. Treude

E. Vaular

R. Baker

L. Hamdan
P. Jackson

A. Lemon

E. Allison

R. Coffin

J. Greinert

Session C: Laboratory and pilot scale experiments

ONR Global

University of Hawaii
Geological Survey of Norway
University of Bergen
IFM-GEOMAR Kiel, Germany
University of Bergen

US DOE-NETL

NRL

British Geological Survey
University of Leicester

US DOE-DC

NRL

University of Ghent

Session Chair: James Howard

Suggested Topics:

Can we design realistic laboratory experiments which can be representative of real systems that have
developed over geological time scales?

What are the available monitoring techniques and what are the corresponding limitations?

Is there a need for controlled pilot scale experiments on artificially constructed formations? And if so
- how should these be constructed?

Can experimental studies or pilot plant studies provide also a realistic enough platform for
development of exploitation technologies and related special "arctic™ challenges?

Experiments related to infrastructure, with special focus on transport and storage.
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Overview of Discussions

Laboratory and Pilot-Scale
Experiments

Breakout Session C
Fiery Ice — 6
Bergen
14 Mai 2008

Experimental Parameters That
Must Be Considered

Common Parameters

e Temperatures (Heat Flow....)

* Pressures

« Compositions (Liquids, Gases, Interfaces)
¢ Sediment Properties (Mineralogy, Size, ...)
 Elastic Parameters

Questions for Breakout Session C

+ Can we design realistic laboratory experiments
that represent “real” geological systems?

« What are available monitoring systems — and
their limitations?

* Are controlled pilot-scale measurements
needed? On artificial samples?

e Can laboratory or pilot-scale studies provide
realistic data for field development, especially in
the Artic?

* Are there unique experiments for transport and
storage issues associated with hydrates?

Realistic (?) Experiments
What Defines “Realistic”

* Lab vs. “Pilot”
— Homogeneous vs. Heterogeneous
— Size of Pilot Can Vary
—Time? Geological vs. Engineering

« Limitations to Realism, but Still Important
for Critical Data Used in Field-Scale
Evaluations.

Major Areas of Experiments

» Geological Accumulation
 Production Testing

» Geo-Mechanics

» Bio-Geochemistry

¢ Thermodynamics

Experiment Monitoring
Laboratory to the Field

« Multiple Measurements of Parameter
(Transport Properties....)

* Imaging
— CT-XRay, MR, IR
— Sample-Size Limitations

* 4-D Monitoring of Processes
— Seismic, Electromagnetic, Geomechanical
— Access, Signal/Noise
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Laboratory “Pilot-Scale”
Bigger than a Benchtop

Potential Experiments

— Hydrate Accumulation, Well-bore Stability
Limitations:

— Does “Artificial” Capture Key Properties?
— Boundary Conditions

— Temperature Control

— Cost

Is There A Need?

— Some Experiments Can Stay Small

Realistic Data for Exploitation

Production Scenarios Only

Lab Experiments Useful for Understanding
Some Fundamental Properties, but the
Field-Scale Experiments are Necessary
for Production Planning (Simulator Inputs).
Single-Well Tests Will Play Critical Role in
Field Planning.

Infrastructure Experiments

* Yes — Needed and Being Done.
— Flow in Pipes
— Storage and Transport
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V. Plenary Session 2: Arctic Hydrates

A. Invited Speakers

1. Research Planning in the Arctic Ocean. Richard Coffin, US Naval Research Laboratory

International Collaboration on
Arctic Ocean Research

Richard Coffin
Marine Biogeochemistry Section
NRL Code 6114

http://www.marum.de/Meeresbodenbohrgeraet_MeBo.html|

Regions for
Research
Focus

] L e

Rationale

6 IMHRD — Arctic Ocean

» Gulf of Mexico: 1998-2007; US, Japan,
Canada, South Africa

+ Haakon Mosby Mud Volcano: 1998;
Russia, US, Norway, Germany

» Mid Chilean Margin: 2003, 2005; Chile,
Japan, Germany, Canada, US

+ Hikurangi Margin: 2006; New Zealand,
UsS, Canada, Germany

Data collection methods

+ Long term sediment monitoring

» Long term water column monitoring
+ Satellite imaging

+ Seismics, CSEM, heatflow

+ Seafloor morphology

+ Gravity and piston coring

+ CTD

+ Long term water column buoys

Key Program Topics

* Energy

* Climate change

* Global Warming

* Tundra vs Ocean methane flux

+ Variation and changes in optical and
acoustic signatures (USN, others)

» Long term monitoring, amphibic

International Funding

* NOAA

* ONR

- EU

+ ESF

* NSF

» Ship time

Need to mix funds.
Where do we go?

FY08, FY09 ONR 3 mil USD, NOAA 2 mil USD
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Current Arctic Planning Research Focus

Climate change/global warming

* NRL - Coffin, Hamdan, Wood Methane hydrate exploration
« Heriot-Watt — Pecher Coastal carbon cycling, e.g., sediment
« U. Ghent/NIOZ — Greinert methane vs. tundra carbon flux

Biotic vs. abiotic carbon cycling
 Coastal ocean carbon modeling

Current Planning

« U. Hawaii — Masutani, Nihous
IFM-GEOMAR —T. Treude
NOAA

Summer 2009, 2010 Planning

140° 150° 160°

- .J"
| Alaska

Beaufort Sea

NRL, UH
NOAA, NETL
University of Ghent
Heriot-Watt University
U. Alaska

2. Overview of Research Plans and Accomplishments for the United States. Edith Allison, US
Department of Energy

The U.S. National
Update on U.S Gas Hydrates R&D

Program

Mema ne Hyd rate : ;P;ﬂr;jm ;:?:Hﬂ't sthence and technology
R&D B [ e

hydrates
- - 1 - understand raba's nale i
6th International Workshop imderstard gas hydratels rele in
on Methane Hydrate - supperting the training of
Research and Development AT Yy ACITRE
= building intermational
collabargtions
» DOE works with US Gealagical Survey,
Presanted by Mirerals Managemnent Serice, Bureau of
Land Management, Mational Oceanic and
Edith Allizon Atrnospheric Administration, Nakicnal Sdenoe
U, 5, Department of Energy Foundation, and Nawval Research Lab L 5, Department of Energy
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Gas Hydrates Resources

Arciic sandslonts under
g infrastruciure (-5 of Tefin placs)
frciic sandsiones away rom infrastruciure (1005 of Tef in place)
Diaesp-witeer sandsionss [~1000% of Tod in place|
g Moe-sandetneg mearnine ressnvoirs wih pameshity | inown)
Massrse surbcial and shalioy nodular rpsrale (usknown|

Maring reservoirs with mied permesabi
[100,000% Ted in place) ey

»  decreasing resenair quality
»  increasing technical chalenges
+ deCrEasing % recoverabis

»  increasing in-place resounce
»  increasing unceranty of nesounes

R&D Priorities

Gas Hydrates as a Resource

» Leverage fundamental science efforts

» Understand the environmental implications

drill detection and characterization)

» Conduct marine investigations to
assess/confirm the resource

» Conduct a series of long-term preduction tests

» Develop numerical modeling capabifity
LL 5, Department of Energy

e Marine Gas Hydrate Assessment mysgs

» Develop refizble exploration tachnologias (pre-

LS Deparfment of Inferior ™ —

A000-rial Monte Carka ower 300,000 grid oells

Maan hydrate In-placa:

Marine Gas Hydrates
Guif of Mexico Joint Industry Praject

» Broad Consortium
~ Government (DOE [SGE MME)
- Industry {Chevron, £F, Sohiwmbanger, Halburion, ACH
goopdysics)

- Acadensda (Rice, . Tech, Sojpps)
- Intersational (ENOC (Konsa), Relisece (Indi), ADGNEC
aman})

= Tool Developments
- Mew Seksmic Trversion bechniques
~ M coring Sevices unde develapenent
- Mew core analysis equipmens

= Field Expeditions
~ Spring 2005 GH-haraeds & fine-grained sediments
- Spring 2008; LWD sxpleatony crube of GH In sand
- 20099 Coriesy GH In sandy ssdinents

UL 5, Department of Energy

JIP 2005 Expedition ...

+ Advances in
pressure core
collection and

analysis

+ Subsurface fine-
sedimeant hydrate
poses a minimal
drilling hazard (low
likely 5,,)

+ Potential for viable
remaote detection &
quantification of

=

Hydrata Concamnirmilon

Late Spring

» Expedition design 3—?;
- explore potential for hydrate- ;
chiarged reservoir-guality sand
— multi-site LWD expedition
- subsaquent coring leg (20097)

JIP 2008 Expedition o
1!@

Padin Gy (s = hanged )

+  Cakulsbes sediment volome In Hydrate &07 TCM
o Bty {21,444 TCF)
S e B I bop Msasn volume In sandefones:
= Sapficlal sk Eomaies 130 TCM
= geslopicalaased deposystem inerpretations {6717 TCF)
»  Awsilable methane calculated from bisgenic
gas genesation, WM UL 5, Department of Energy

+ Objectives = /7:‘ %E:
— high-grade sites for lster coring J;- i |
— calbeation of seismic Pl g_. -
wechniques for GH detaction -1& i e T
— tzst altenative exploration = e
madsls Y M
— inform the MMS in-place ; ;
aszassment T e H__h-'i:ﬁﬂ.m
T 5 Tepartment of ERermy

45



Drilling Locations
Sﬂnng 2003 LWD Frogram

] . W R e - L)

® SiTEs for JIP 2005 drilling

Alaminos Canyon 818

N5 +] Walker Ridge 313

- il Test exploration model, with
“ ‘r;. ' 4 ¢ potential direct detection

From McComawh s Tiag, e |4

Green Canyon 955

Limired girecr detection, but ali perroleum
SYETBM alments seamingly in piace

e

R
T

Long-Term Production
Testing
+ First in the anctic
— a program that will allow continuous,

itarative tests to yield fisld data of
reservoir deliverability

— more than ane long-term test likely
needed

» Ultimately, in the marine

enviranment

— will ba very expensive,

— more fficient by applying lessons
learmed in the arctic

+ Collaborative international effoits
UL 5. Department of Energy

ME. Elbert Test Well
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Phase 1: Prospecting
14 discreet gas fyvdrate accumuiations identified in
Milre Point Unit

i
T

o | ||'+"'

L P
s S
Bk, el T —
P P W
[T — [——
I ] ntsrms pragen rpr s P v
b T AR e

+ Prospects ocour in an
undrilled, fault-boundad
trap

» Seismic atbibutes used
o estimate reservoir
thickness
and saturation for bwo
prospective zones:

— An upper "D" sand:

45" thick with 58% Sgh
— The "C" sand:

70 thick with 8555 Sgh

Cowteny, ivkx, T., Lew, B, Tayiar, O,
Agena, W., Cotett, T ang B Mazier, Jn preos

Pre-drill Prediction vs
Field Results e

) Sabusalnns [HMALDEN]

Dar # Fasadic Pe
— E;fzn l’."! W 4% W

- = T
Tl D-gand [ . 15
11| precdriic g -ﬂ &
S Lopged: ag i i E
e | -
FEE=E] - - = =i I e S S
H | i
BnT THIaE }:'_' 20
- B IR .}_| e
- Ceand |THoif ||
pore-drili: oL | C
gl 54 L

Field Operations

Wireline coring

Oustanding Performance of Corion
wwireline-retrievable syibemn

= Oikbased mud; chilled o ~30° F

= 50 of cored with B5%E recoveny

251 subsamples ablained
~ 7 samples in Equid ntrogen

Mount Elbert MDT
Results

» Confirmation of gas releasa via
depressurization

»  Clear indication that depressurization
alone may not be sufficient in salect (T)
settings

» Confirmation of mobile water phase
— 5gh = B5%; 25% = Swirr
— Sgh = 75%; 10% = Swirr

= Determination of intrinsic K
- 0,12 -0.17 mD

» Reformation kinstics may be important

» Detziled reservoir heterogensity may
contral productivity

UL 5 Department of Energy

Mt Elbert Gas Hydrate
Well Summary

s [Demonstrated safe collection of data in shallaw
uroonsalidabed, GH-bearing sediments
- good bole = cutstandieg cone recowery and log suke

#  Canfirmesd GH reseragir in dose conformancs to pre-drill
predictions
- abilty to prospect for hydrate using G56G approach
- lmprowed confidence in boader ANS GH resoare
BELLESMEE

» (Coring, Logging, Pressure Testing Program
= fuly integrated data and samphe set
- moweable Aukds in fully-saburated reservelns quansfied and
accessed
- s rekmse via depresswrization -

U 5, Department of Energy

47




2010 Production Test Research on Environmental
Site Selection Parameters ImpaCtE Df Methane H.‘?J,.dratE

= Location that allows continuous, long-term

access for as long as necessary Issues:
» Designed to provide the best data for » Mathane hydrate captures microbial and thermagenic methane,
determining the potential productivity of gas kesping it trom reaching the ocean and atmosp
hydrate reservoirs « Methane may e released from hydrate a5 ocean waters and
— Maimize the soence, nok necessanly the rabe permafrost warm
Ressarch:
= Minimize impact on existing operations + Past warming events: temperature increased bafore

atmaoscheric methane rose

+ Isotope analysis of source of methane inclusions i ice cores -
nydrate, terrestrial?

+ Microbial methane production rates

» [Fate of methans in the ocean column

= Manage risk: operationally smple, with best
resenvoir conditions

= Leamn from others — Mallik

U 5 Department of Energy U 5, Department of Srergy

International Comparison Study
Of five leading gas hydrate reservoir simulators

Problems of increasing complexity: » Simulators:
1. Base Case - 10, closed system — STARS
2. Base Case + Hydrate — Tough+/Hydrate
3. 1D (Cartesian) Production — HRS
4 1D jradial) Production — MH21
3. 2D Production — STOMP-Hydrats
6. History Matching - Alaska MOT test » Public wehsits with
T F:ud:;tl;:‘ll::in;nus problems, Its,
2 Prudhos Bay L-Pad and analysis:
3. Formation near base HSZ v wwwnetldoe gow’
methanehydrates
L. S, Departmeant of Energy

3. USGS Methane Hydrate Research Activities, Thomas Lorenson, US Geological Survey

Three Regions
Five Teams
Two P
Warren Agena L '.‘°9.'"‘?.ms
Tim Collett One DlSCIp ine VeeAnn Cross

Myung Lee Dave Foster
John Miller Debbie Hutchinson

Vacancy-Sci. RSN AU SN 1 . Dave Mason
USGS Gas Hydrates Vacancy s . Tom Porinan

Tanya Inks =% A » 53 / Carolyn Ruppel

Project Overview 2 P8 A FRne
Tom Lorenson = . Bill Waite

: Pat Hart
International Workshop on Steve Ky

Methane Hydrate R&D Johnprketon

Students

14 MCly, 2008 I-Ming Chou
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. Countries with GH drilling or planned GH development
Goal of Project studies with the USGS

Understand the geology of natural gas hydrates i o

in marine andpermafirost environments Other international activity: Japan, Indonesia, Norway

Integrated Science

Science Strategy: Energy and Minerals for America's Future

Global Synthesis

Regional Prediction
Basin-wide Analysis

Macroscopic Site Survey Characterization

Drill hole
Pore scale Quantification

Laboratory

hevronTexacol | |(Cogn

Microscopic Processes \@ i |

BUSGS WestornGeco RiCE UNIVERSITY s

BP Exploration Alaska

EEsE Joint Industry Research Project (JIP)

Doyl e
Resaeop Caron
Dk con Sy : .
o Laborores - ( ) Industry has been
e o OGN EX= concerned that gas

z o S s Eydr‘aéef canbe’a
= - o azard to
ODP 204, | Sy cmae conventional energy
I0DP 311 ) : e . production.
_ < i oohry e ote

Minstry of Petrol and Nalural Gas
McGill University

5 * Mud-dominated gas
k- P Nat It of Oceanagraphy hydr‘q're units, low

s. Calif. L gt i saturations in
: ) s " i fracture porosity.
v } . Techmca sty of s
= Y ; 4 Unvertyf Carna, S0 Sand reservoirs
Gulf of Mexico JIP : ! z Sy & exist and pathways

s . Unveryof e sl are imporfant. Gulf of Mexico
- o~ US et e
- o Goagar - o Keathley Canyon 151 Gas Hydrate

B = : Future work to focus [ JIP Drill Sites B
[ - on sand reservoirs. . e - -

BUSGS National and International Collaboration BUSGS Spring 2005
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Integrated Field Programs

Heat Flowl

Bottom Photogfaphy

Side Scan

2. MMS Gas Hydrate Play Concepts 30 Slece. I | e

e — Waterbottom
1298 m BMSL
,a & Clays, coarser
= grained lenses,
- = ’ ¥ slope fans.

Unconfomity

Sand-shale
laminates,
slope fan

R R deposits.
Hydrate pavements  Hydrates in Sands Hydrates in Sands s

(vein fill) Within Wt':rlhin Hydrate ) e
Hydrate Stability Stability Zone wit! laminates.

Zone Free Gas Below ﬁ;ﬂﬂ:f“’

slope failures,

chaotic events.

Other: fluid flux, fracture porosity and authigenic carbonates
Gulf of Mexico, Atlantic, Pacific, offshore Alaska

Atwater Valley 13/14 | Hole KC 151-2/3: Core Recovery vs. Gas Hydrate |

KC 151213 Core Recovery

Depth (mbs)
0 20 20 2w M0 20 0 20 2 20 W0 30 20 W Mo B k0 0 %0 30

50



Lease Block No. AC818 6C955 WR313
J IP G@O C h em Resu I ts Well Name ACB18#1 GCO55#1  WR313#1
Water Depth (m) 2744 2026 1917

Base of gas
hydrate stability 3197 2499 2758

Low gas hydrate saturation e

Hydrocarbon gas is mainly of microbial origin Seafloor to base
8 : of gas hydrate 473
Possible secondary methane from anerobic stability (m)

petroleum oxidation Thermal gradient
Future drilling should target thermogenic hydrate

(mK/m) ~44 ~32 ~19
Volcani-
clastic  Pleistocene
Oligocene levee sands
sand

Sheet sands
within a
minibasin

Target Facies
sampled at the
well

JIP drilling o .
platform — : Arctic

2008 g - * Drowned permafrost - climate change
" * Offshore hydrate - hazards, resource

Planned LWD NGl * North Slope AK - resource
drilling at 3 Fea S :

sites in 2008
* (see posters)

Coring in 2009

JIP 2008 Drilling sites

24V W 92w LN W L

0 100 KM R ,’l;-;-" ¥ S 2004-2007 Wells

Mississippi
Canyon : . ARCTIC OCEAN

AU VAEa
KL - Southy M. Bt

Elleen & Tarn Gas
Hydrate Accumulations

Zone of Potential

e - . Gas Hydrate Stability

Peicico Fold 3
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Mount Elbert 01 Gas Hydrate Units
NMR-DEN Derived Gas Hydrate Saturations GGS SOUFCC
1 m
i i * Gas is mainly methane
_UnitD i nifC

“ ——lL" - Very little CO,, C,

- HHH] i + Nitrogen up to 7%
fo * Narrow isotopic range of methane -43 to -50 ppt
l- i *+ Average isotopic range -48 ppt
I., A * Characteristic of biodegraded oil gas (-45 to -55
1 A pPt)
£ !
i !

- i T“ S H H St i | L

e e UL 2l

20N TN 20N 00 N WG 208 2NN T W I8

Dpale Iy

Mount Elbert Unit C
5132-2184 1t RKB. 52 f thick Eileen production models
—Upper shale contact, lower water contact

—Gas Hydrate Saturation 65% Developed by partners
—Porosity 35% LBNL

—Permeability (intrinsic) 1,000 mD (NMR log) ANA

—Reservoir Temp from MPU D-2: 3.3-3.9°C

—Hydrostatic pressure gradient (9792 Pa/m) BP-Alaska

—Pore water salinities 5 ppt.

. Eileen Gas Hydrate
Mount Elbert Unit D Development

Model
—2014-2061 ft RKB, 47 ft.thlck Upside Hydrate Well
—Shale bounded reservoir (top and bottom) -Gas Rate (mscfpd)
—Gas Hydrate Saturation 65% -Cumulative Gas
— i 0, (mscf)

Porosity L.EM) S -Water (bpd)

—Permeability (intrinsic) 1,000 mD (NMR log)
—Reservoir Temp from MPU D-2: 2.3-2.6°C
—Hydrostatic pressure gradient (9792 Pa/m)
—Pore water salinities 5 ppt.

40 years ‘w—w &
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Next steps Southern California

*Drilling of gas hydrate production "L\) ggggec‘red SIS Gy

test well early 2010

*Microbial gas

- i dR ling i
:Long term production festing by ZAC/)\SFépmg and ROV sampling in
both thermal stimulation and

depressurization Extensive basin sands are a

favorable target

:Long term production rate calculations are
critical to evaluating field economics

T A e K, = Southern California
L ,| r = | T Y \.\\\ — . _ -
f L) SN A i — Hydrate site
[ | ., .
= ' B A
3 | T} | A N { i o N
"':.1\.-—-.).3-'_\_ Sl 1. Composite | £ N
(. W gweien sz s
. \; Ay . grouios i/ &
g L TR WSa“:. Nt aang < oY
, Uil iy '.w@pamw-'\mz S
i W \ AP
\\ - nh-_‘_ -
\
) 7 4 .
. il i :
— ™ & =
| T — AN

0.7 N s
D 0 2 600
1| g Hydrate Site km =
P il Al =40 Gas accumulating 750 =
; ‘I [ at shallow horizons? ]
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(. it E 7 "I{.': z\ ; 9001%—
—————————— gl Z1.3;5 )
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Prudhoe Bay Unit L-106

—Two shale bounded hydrate layers:
(1) 2226-2288 ft, (2) 2318-2374 ft
—Gas Hydrate Saturation 75%

—Porosity 40%

—Permeability (intrinsic) 1,000 mD (NMR log)
—Reservoir Temp from MPU D-2: 5.0-6.5°C
—Hydrostatic pressure gradient (9792 Pa/m)
—Pore water salinities 5 ppt
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4. Methane hydrate resources in Japan. Koji Yamamoto, Japan Oil, Gas, and Metals National

Corporation

May 29. 2008
Impacts of the second on-shore methane hydrate production test results
on the Japanese resource development

Research Consortium for Methane Hydrate Resources in Japan

Methane hydrate (hereinafter “MH™) is an ice like solid substance that conszists of cages
formed with water molecules and methane {the main component of utility gas) molecules
trapped in each cage. The vast majority of the volume of the substance has been found in
marine sediments below the seabed in deep waters around Japan and other countries. and
below permafrost layers in arctic regions like northern Canada and Alaska, as a mixture with
zand grains. This material i1z an unconventional energy resource and iz anticipated az a
future form of alternative energy to conventional oil and natural gas. Due to its solid form.
gas production from MH requires techniques to dizssociate the substance to methane gas and
water in a geological formation. and extract the gas through a borehole.

Since MH is stable under a high pressure and low temperature condition. the dissociation
can be achieved by tfemperature increase (thermal stimulation) or pressure decrease
(depressurization).

In 2002, zeven organizationa from five countries! joined a collaborative inveatigation
program of methane hydrate in the same site as used again this vear and conducted the first
gas production test. In this original test. thermal stimulation by hot water circulation was
tried and lead to the world's first intentional gas production from MH deposits. During the
123.7 hour operation term. 470m? gas was extracted from the formation. Although the
zuccess of the test proved that MH can be a gas reserve. the difficulty of the heat transport
from a well to the formation limited the productivity of the thermal stimulation technique.
Also the continuous injection of heat to the formation decreases the energy efficiency. More
zpecifically. there can be many technical challenges of heat generation and transportation in
deep water conditions.

On the other hand. the depressurization technique has advantages of operation and energy
efficiency. The pressure decreaze can be achieved by a simple operation of dropping the fluid
level in wellbore by pumping water. However. the formation response to the high degree of
depressurization was unknown in 2002 and many zcientists were zkeptical of the
applicability of the technigque. Nevertheless. in 2002 scientists attempted small scale
preasure drawdown tests using wireline pressure logging tools in MH formations. The results
of the test suggested the applicability of the simple depressurization technique for gas
production. The subzequent zeriez of laboratory and numerical works done by National
Institute of Advanced Industrial Science and Technology (AIST) as a part of the MH21
(Research Consortium for Methane Hydrate Resources in Japan) study proved the
applicability quantitatively.

Az a result of the accumulated knowledge and experience. and with the expectation of the
future application to the Japanese domestic resources. Japan Qil. Gas and Metals National
Corporation (JOGMEC) and Natural Resources Canada (NRCan) signed an agreement to
carry out a second production test at the site for the field scale verification of the
depressurization technique.

Operation overview

The test site is located 130 km’s north of Inuvik. in the Mackenzie Delta. and accessible

! Japan National Oil Corporation (JNOC, former JOGMEC), Japan, Geological Survey of Canada (GSC),
Canada, GeoForschungsZentrum Potsdam (GFZ), the Department of Energy (DOE) and United State Geological
Survey (USGS), US, the India Ministry of Petroleum and Natural Gas (MOPNG)-Gas Authority of India
(GAIL), India, and the BP-Chevron Texaco Mackenzie Delta Joint Venture.
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only in the winter season after ice road (a road on frozen river or ocean) construction is
completed. All of the field activities should be terminated before the cloze of the ice roads.
Due to the narrow zeasonal operation window. the field work was divided into two winters
(January April 2007 and January April 2008).

JOGMEC and NRCan funded the program and lead the research and development studies.
Aurora College/Aurora Research Institute acted as the operator for the field program with
support from Inuvialuit Qilfield Services who were the project managers.

Because the zite is located in the verv sensitive and weak northern environment. and
various precious natural species live around the site, the project was required to maximize
environment protection measures to assure that there was no impact on the wildlife and
delicate arctic ecosystem. The test was conducted under the strict environmental regulations
of Canadian authorities and with the consent local communities.

WINTER 2007: OPERATIONS

A well drilled for the 1998 research program (Mallik 2L.-38) was reused for the production
test for reducing drilling waste volumes. In the first winter. the well was modified for the
production test. after geophysical data acquizition by state of-the art logging toolz and
deployment of downhole monitoring devices.

Severe cold (temperatures often reaches 40 degree C) lead to delay of the operation, but
the test operation could start on the 2nd of April (local time) after the perforation (operation
to make holes in the steel casing by gun powder) in a 12m interval at 1100m in depth was
done and a set of a downhole pump systems to decreaze the water level were installed.

Sand production (flowin of formation sand to the borehole with fluid) prevented the
continuous pumping. and the operation was terminated 60 hours after the start of the
pumping. However, during the most successful 12.5 hours duration. at least 830m? of the gas
was produced and accumulated in the borehole. This attempt was the world's first gas
production by the depressurization of natural MH in geological formation. and the volume of
830m? exceeded the production volume of five day operation of 2002. We evaluated that the
test result verified the effectiveness of the depressurization method even for such a short
duration. but left technical challenges.

WINTER 2008: OPERATIONS

The goal of the winter 2008 field activities was to undertake longer term gas hydrate
production testing with countermeaszures to the problems of 2007.

After the ice road and site construction, and preparatory operations on the well, a modified
pumping system was run into the hole with sand control devices. The pump operation started
in the afternoon of March 10 and continued until the preset termination time of the test. noon
of March 16.

Preliminary results

We can confirm that sustained gas flows ranging from 2000 4000 m3/dav were maintained
throughout the course of the 6 day (139 hours) test. Cumulative gas production volume was
approximately 13.000m3. Detailed analysiz will be made later. but we are sure that the result
proves our hypothesis that the depressurization method is the correct approach.

During the test. a lot of data and samples. such as produced gas and water. their rate and
volume, and downhole and surface prezsure and temperatures were obtained. The analysez of
the data and samples will help understanding MH dissociation behavior in formations. and
contribute to the development of more sophisticated production techniques.

Within the MH21 rezearch program. AIST iz developing a reservoir zimulation model
called MH21 HYDRES. The predicted gas rate by the MH21 HYDRES is fairly matched with
the observed value for the stable production terms. By analvzing the data of the production
test. we expect improvement in the modeling.

Impacts on the Japanese MH research program
Japaneze and Canadian research teams will analyze the data and publish scientific and



technical papers internationally.

According to the previous exploration results. original gas resources in place in the Eastern
Nankai Trough area off the Pacific coast of Shizuoka through to Wakayvama prefectures in the
gas hydrate form 1z approximately 1.1 billion cubic meters (equivalent to 14 vears of
Japanese natural gas demand). and half of these areas form highly concentrated zones that
are potentially high prospects of resources for development.

Development of effective production techniques is the kev to change the naturally occurring
gas hyvdrate to a valuable energy resource. The success of the production test in northern
Canada iz a great step forward.

A simulation result of MH21 HYDRES applied to one concentrated zone of the Eastern
Nankai Trough reveals that the potential gas production rate from a single wellbore by the
depressurization method can exceed 50.000m3day. The difference from the on shore
production test result iz caused bv the extent of production interval. temperature and
pressure conditions. geological and petro physical conditions.

However. many technical issues remain for the application of depressurization techniques
in marine sediments beneath deep water. Such technical challenges should be solved and
verified through future production tests.

The future MH development should be environmentally friendly. Our experience in the
delicate northern environment left many lessons. In the MH21 program. the Engineering
Advancement Association (ENAA) takes part in the basic research on environmental
protection and assessment.

Integrated studies of the exploration of the Eastern Nankai Trough and other areas.
procuring techniques. and environmental impact studies are important for the future
resource development.

The MH21 will provide the economics study on the concentrated zones of the Eastern
Nankai Trough area with modeling studies later this vear.
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B. Breakout Sessions

1. Characterisation and quantification of arctic hydrates

Session Chair: Thomas Lorenson
Suggested Topics:
What is the present status on arctic hydrates?

How well are the resorces quantified?

State of the art in measurements, from seismics to alternative and supplementary techniques. New

approaches under development?

Core sampling techniques and implications for interpretations of results.

Differences in characteristics of reservoir topography, geology, thermodynamic conditions and

trapping mechanism?

Implications for exploitation strategies?

Overview of Discussions

e 1

.2
.3

=P © o
o

Current Arctic Data Base

Norwegian Sea
Mareano and running east south to 67 large amount of seafloor mapping
IBACO is a public site for coastal Arctic bathymetry.

— 4. Beaufort Sea and Chukchi — Larry Mayer web site at the University of New
Hampshire, climate change.

— 5. University of Bergen data baesfocus on north eastern off Greenland and around thi
Haakon Mosby. This data base is available and a web site.

— 6. 70’s data base is available that Ingo Pecher will start to process with an ONRG
support.

West off Greenland there are oil and gas seeps.

Need work on seep sites, for current fluxes.

CSEM would contribute to sea surveys, look at the CSEM to test on land.
USGS and industry seismic data base includes the Beaufort Sea
Canadian Arctic database maintained by GSC
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Permafrost Hydrates

» Known locations for permafrost regions that
hydrates are being studied include:
* 1. Mallik Wells
* 2. Arctic slope to Wainwright Alaska

* 3. May be Russian effort in Siberia that is similar
to Prudhoe Bay.

e 4. Messiaka gas field, Russia
e 5. Other sites are marked on the chart.

Topics for climate change

» There is a strong need to review currently

available data. Topics for review include:

e 1. Lake permafrost methane flux

e 2. Look at freshwater and ice influence on
ocean/atmosphere fluxes

¢ 3. Literature shows relative methane flux from

tundra and shallow coastal waters.

« 4. Beaufort Shelf, Harrison Bay, 1977 data set

will be examined for high velocity refractions.

Late Pleistocene
Average surface semperature: aboss 10 degrees C

S eved rise of sbout 100m
arver (fe Last 18,000 yrars

Law of the sea surveys

It was discussed that stated available data for focus
on offshore hydrate beds and planning offshore
hydrate exploration could be coupled with the
Law of the Sea data gathering.

« Could contribute to the available seismic data, strong Canada-
US effort, long seismics will be run with a short streamer and
short bouys for velocity sound data.

« Seismics while breaking ice, difficult logistics in the program.
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New Seismic and other
techniques applied to surveys Other notes

» There was a quick conversation on approaches that are
needed to be included in the field surveys and monitoring

e Tom Weingart is a good
POC for future work conversations.

plans. X ! ver )
« 1. Offshore approaches were not discussed during this session. * Haflidi Haflidason, University Of Ber_gen, is a good
« 2. Onthe North Slope there is some good 3-D methods that could be contact for work off the Norwegian side of the
applied to nearshore and offshore surveys. Aurctic.
. 3. gﬁggchnology has not been applied to the Mackenzie Delta or off « Charts are available at

. 4, We need to consider application and new developments in CSEM. www.mareano.no/kart/viewer.php

New sensor applications could be used for field monitoring.

* 6. Remote sensors and satellite imaging could also be developed and
tested.

. 7. There is concern about setting long term monitoring platforms

through ice seasons.

.
o

Core sampling technigques

Developing and application of new coring techniques was
discussed. Issues addressed included:

« Need drill ship availability

« 5-6 m max experience with vibracoring, results from very compacted
sediments. Also the sediments partially frozen, the piston coring may not
work and vibracoring is needed.

« mini drill systems may be available.

« mebo coring/drill system (hydrolic) could be applied 50 meter cores can be
obtained.

« Consider working in spring on a sea ice platform. This can fix the
position. Look at winter work on the ice, roller guns.

Discussion sessions resulted in a statement that there is a strong need to review current Arctic
research and monitoring programs and research publications. Tina Treude agreed to provide a
summary of workshop participant’s contributions to this information gathering. The following is
information provided by the workshop attendees.

Arctic Related Web Sites

Alaska Lake Ice and Snow Observatory Network (ALISON) - http://www.gi.alaska.edu/alison/)

Arctic Military Environmental — Cooperation
http://www.google.co.uk/search?hl=en&q=Arctic+Military+Environmental+Cooperation&btnG=Goo
gle+Search&meta=

Arctic System Science - http://www.gisp2.sr.unh.edu/GISP2/ARCCS.html

Bridging the Poles Workshop - http://www.ldeo.columbia.edu/~mkt/PolarED_Web.htm

Barrow Arctic Research Consortium - http://www.arcticscience.org/
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http://www.nsf.gov/cgi-bin/good-bye?http://www.gi.alaska.edu/alison/
http://www.google.co.uk/search?hl=en&q=Arctic+Military+Environmental+Cooperation&btnG=Google+Search&meta
http://www.google.co.uk/search?hl=en&q=Arctic+Military+Environmental+Cooperation&btnG=Google+Search&meta
http://www.gisp2.sr.unh.edu/GISP2/ARCCS.html
http://www.nsf.gov/cgi-bin/good-bye?http://www.ldeo.columbia.edu/%7Emkt/PolarED_Web.htm
http://www.arcticscience.org/

Danish Polar Center - http://www.dpc.dk/sw6492.asp

First International Symposium on the Arctic Research (ISAR-1), 2008 -
http://www.jamstec.go.jp/iorgc/sympo/isarl/

Future Ocean Project, Kiel - http://www.uni-kiel.de/future-ocean/a2/index.shtml

Cold Regions Research and Engineering Laboratory (CRREL) in
Hanover, NH. - http://www.crrel.usace.army.mil/projects/ and http://www.ehis.navy.mil/coe-
london/factlist.asp?lab=CRREL

GANS Project - http://www.uib.no/people/nglbh/GANS/index.html

GLACIPET Project - http://www.ngu.no/glacipet/

MARENO Project - http://www.mareano.no/english/index.htmi

National Ice Center - http://www.natice.noaa.qgov/

National Institute of Polar Research - http://www-arctic.nipr.ac.jp/e-index.html

National Snow and Ice Data Center - http://nsidc.org/data/index.html

Permafrost Institute in Siberia, Russia - http://www.sitc.ru/ync/ync eng/ice.htm

Samylov Station in Siberia, Russia - http://www.awi.de/en/infrastructure/stations/samoylov_station/

Teachers and Researchers Exploring and Collaborating - http://www.arcus.org/TREC/index.php
Sustainability and Stewardship in Alaska -
http://www.nsf.gov/awardsearch/showAward.do? AwardNumber=0331261

Science Journalists at Toolik Field Station
http://www.nsf.gov/awardsearch/showAward.do? AwardNumber=0425045

Toolik Field Station - http://www.uaf.edu/toolik/

University of New Hampshire, Arctic Research -
http://www.ccrc.sr.unh.edu/~cpw/ArcticRes/ArcticRes.html

U.S. Army Permafrost Tunnel - http://www.crrel.usace.army.mil/permafrosttunnel/

USGC - http://pubs.usgs.gov/of/1995/0f95-070/core/meta/report.html



http://www.dpc.dk/sw6492.asp
http://www.jamstec.go.jp/iorgc/sympo/isar1/
http://www.uni-kiel.de/future-ocean/a2/index.shtml
http://www.crrel.usace.army.mil/projects/
http://www.ehis.navy.mil/coe-london/factlist.asp?lab=CRREL
http://www.ehis.navy.mil/coe-london/factlist.asp?lab=CRREL
http://www.uib.no/people/nglbh/GANS/index.html
http://www.ngu.no/glacipet/
http://www.mareano.no/english/index.html
http://www.natice.noaa.gov/
http://www-arctic.nipr.ac.jp/e-index.html
http://nsidc.org/data/index.html
http://www.sitc.ru/ync/ync_eng/ice.htm
http://www.awi.de/en/infrastructure/stations/samoylov_station/
http://www.nsf.gov/cgi-bin/good-bye?http://www.arcus.org/TREC/index.php
http://www.nsf.gov/awardsearch/showAward.do?AwardNumber=0331261
http://www.nsf.gov/awardsearch/showAward.do?AwardNumber=0425045
http://www.uaf.edu/toolik/
http://www.ccrc.sr.unh.edu/%7Ecpw/ArcticRes/ArcticRes.html
http://www.crrel.usace.army.mil/permafrosttunnel/
http://pubs.usgs.gov/of/1995/of95-070/core/meta/report.html
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2. Exploitation strategies and technical challenges
Session Chair: Koji Yamamoto

Suggested Topics

Relative to exploitation strategies for marine hydrates - what are are the main differences and

corresponding challenges related to arctic hydrates?

Flow assurance - including reservoir and pipeline infrastructure

Overview of Discussions

Session E: Exploitation strategies and

technical challenges
Rapporteur K. Yamamoto, JOGMEC

« Difference between Marine and Arctic Hydrate
— Physical & geological conditions
— Technology & Hazard
— Economics
— Environmental issues
— Summary and common concerns

. Physical/geological Conditions ..
v geoleg . ,&rctlc

e Marine
T — T=4-15deg _ T — T=0-10degC
« Never sub zero ¢ Sub-zero
temperature in
@9 overburden

— Muddy sediments
with channel
Iturbidite sand

. Moreveinand P
fracture-fill type
hydrate with some
pore-filling

 Analogue: shale
gas

— Large horizontal
continuity

« Patterned well
arrangement

— Sandy sediments
¢ Pore-filling
hydrate

— Poor horizontal
continuity
* Hot spots

Technology/hazard

+ Marine * Arctic
T _ More chance of T — Low temperature/
T
Y% depressurization depressurization
— No cap rock (soft — Thick hard cap
P plastic sediment) p rock (permafrost)
— Bottom-hole — Flow assurance is
separation and more serious by
water flush at the low temperature
sea floor
— Few sand control
— Gravel pack:OK options
. Economics i
e Marine e Arctic
T — Usually remote — T — Local/internal
from market demand
2 » Exception: GOM « EOR of heavy oil
- Large scale « Local community
projectsare and industry
necessary by high
P CAPEX P

« Chance of small
scale project with
NGH, CNG
transportation?

— Analogue:
shallow gas
(hazard to asset
below existing
infrastructure)

— A small scale
project can be
feasible if
infrastructure is
there
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. Environmental issues .
- Marine « Arctic Summary and common concerns
— T — Small scale leakage, —T- - Very, very . . .
is not a matter due sensitive and . Var_log(s _?cptlons for even a small scale production
&9 to the buffer of sea regulations are project, Id <
water strict — Demand is here ...
« Leaked gas « Small leakage may — Infrastructure is here ...
dissolves to water | kill the project « Environmentally sensitive, small scale leakage is not
. soon | — Little chance of allowable
— Large scale or i . . . .
g hi subsidence due to « Heat support is necessary with depressurization due
catastrophic the thick to low temperature
troubles are the permafrost ) p ]
concern « Effect on PE » More serious flow assurance concerns than marine
. Celitastrophic — Monitoring ¢ Regulation issues; Is a special low for gas hydrate
. rTeiI(:aosfthe surface | BGHSZ + Excess pore necessary?
BG"’RZ facility due to pressure « Any new revolutional ideas for efficient production?
surface instability + Deformation

3. Theoretical modeling

Session Chair: Gerard Nihous

Suggested Topics:

What is state of the art on theoretical modelling relative to arctic hydrates?
Fundamental understanding of hydrate/rock interactions?

Phase transition dynamics for hydrate/ice and hydrate/fluid? What are the main rate limiting factors
and what is the corresponding state of the art in modelling? Directions for future research?

What is state of the art on the reservoir modelling and corresponding limitations? Directions for
future research?
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Overview of Discussions

Breakout session F: Theoretical Modeling

« Identified 4 primary modeling areas of
interest to methane hydrate production
and science:

— Rock physics

— Flow (reservoir) simulations

— Geomechanical models

— Environmental models of the fate of released
CH,

Rock Physics

State of the Art

»Existing models (e.g., grain replacement
models) appear to match data on sonic
properties and strength well

Areas of Future Focus
»Complex substrates/matrices
»Adhesion of hydrate to different substrates

Flow Simulators

State of the Art

» Mature technology

» Current models are robust and versatile and can
accurately predict reservoir dynamics

Areas of Future Focus

» Need to refine submodels of hydrate-rock
interactions; e.g., wettability

» Current models may not be appropriate as-is for
applications such as rapid depressurization

» Hydrate kinetics??—probably not relevant; models
presume quasi-equilibrium

Environmental Models

State of the Art

» Arctic may be the region where hydrate outgassing could impact
climate

» Limited effort to date on simulating the fate of outgassed
methane

> Platforms exist (OGCMs, atmospheric transport/chemistry
models) that could be adapted to consider methane sources
from seafloor or permafrost

Areas of Future Focus

> Need to incorporate submodels of methane sources, CH,
oxidation, and (for intense ocean leakage) bubble models into
OGCMs—this is not trivial

» Can models developed to track CO, in the ocean be “tweaked”
to accommodate CH, leakage scenarios?

» Modeling workshop?

Geomechanical Models

State of the Art

» Focus on well bore stability and/or submarine slope
stability

» Common thread with rock physics and reservoir
models is issue of hydrate-substrate interaction

Areas of Future Focus

» As with the previous models, data is needed to better
understand (and simulate) the physics of
adhesion/wettability at the hydrate-substrate interface

Other Points

More intensive interactions between modelers and
experimentalists need to be encouraged
Experiments to obtain fundamental data on hydrate-
substrate interfacial phenomena not trivial but should
be pursued

« May be worthwhile to conduct molecular simulations
to determine absolute values of important
thermodynamic properties

Models of hydrate destabilization and formation
kinetics must shift away from past “difference”
approaches
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C. Panel Discussion: Arctic Hydrates - Future challenges and corresponding strategies for
extended international collaboration

Panel

James Howard, ConocoPhillips

Rik Drenth, Shell

Ingo Pecher Herriot-Watt University
Koji Yamamoto JOGMEC

Tom Lorenson USGS Menlo Park

Suggested Topics

On the basis of the breakout sessions - what is current status and what are the main challenges that
need to be addressed before commercial exploitation from arctic hydrates can be a reality?

Are there any incitements for international collaboration beyound Mallik Il and other ongoing
projects? And if so what would be the motivating factors for releasing corresponding funding from the
different worldwide groups that would like to collaborate?

Is it possible to pinpoint keywords of a strategy document that can be used as a basis for funding
applications?

Opening remarks

James Howard-
Production Testing, Mallik ongoing testing has started, Alaska is being planned, Russia is slow
1. Challenges for commercialization
2. Technical issues deal with reservoir modeling capabilities, environmental

Question
How does the industry move past models to testing?

Answer

There is not a reservoir simulator model, except for Stars. Drilling will be staged with single well tests
with simple analysis tools. Set for 2010-2011. This will include depressurization with chemicals and
CO,. Need an advanced scale simulator that will take time. Modeling needs to be up-scaled. Ten
year to development of full scale field project.

Question addressed to the audience from James Howard -How much hydrate chemistry is need for
prediction of well success?

Panel Comments

Yamamoto discussed the dissociation zone and need to explain this region. There is a need for
development understanding and modeling of the dissociation zone. We need to address the parameters
that limit the dissociation. This is likely a function of heat transport limitation.
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Drenth simulation model is more well developed and started with well format design and then
included the physical environmental parameters. Challenges will be modeling mud rich drilling,
models do not address this. This could take longer than 10 years.

Comment
Warren Wood — What is needed for development, is it more field tests.

Drenth responds — We need more theoretical models but also need more field tests.

Howard responds — Industry does not have the expertise and man power for the projects. There is a
need to leverage academic institutes into these programs.

Kvamme states - There is a need for sharing international funds for program development. Requests
development of collaboration on field tests, experiments for mining.

Pecher states - Seismology has made strong progress in applying this approach to hydrate surveys.
There is a need for calibration of the seismics. Archies law approach with resistivity is too simple and
we need to combine lab and field work to assist with data development. Furthermore we need a strong
development pressure cores and conducting physical and chemical analysis of pressure cores.

Comment
There is a need for hydrate modeling in sand.

Kvamme states - There is development of pressure cores and testing. This was confirmed with the
audience responding.

Comment
Treude — There is a need for more pressure core research. Vision of large chips of hydrates in the core
that need more understanding. Need for subsamples under pressures.

Audience response - Need longer cores through transfer device and keep them under pressure.
Geotech system provides core sub sampling under pressure.

Kvamme - Agrees with the need of subsample coring.

Comment
Southampton has developed a lot of the subsampling. John Parks has developed microbiologist
sampling chamber.

Comment

Tom Lorenson - Evidence for gas hydrate dissociation was first addressed with CH, concentration in
the water column. There was evidence for methane seepage. First estimate for ocean to atmosphere,
was 1/200 to 1/300 of the total input. There is a strong need for addressing methane input to the
atmosphere, methane dissociation.
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Comment
Hamdan — Well applications were discussed through the workshop, what about risk assessment for
environmental impact.

Howard responds that this will be monitored because of worry for damage to the program, this will
include geomechanical analysis. Drilling hazard will be included. A committee addresses this issue.
However there is not a thorough environmental impact addressed.

Drenth states that there is environmental concern that Shell has addressed theoretical models but this
has not been tested.

Howard states that environmental monitoring for coal bed can be applied to methane drilling
monitoring. Also nothing is currently being planned.

It was stated that this is a difficult topic to get into the public eye.
General Final Statements:
Kvamme brought up that we need Russian included. FMU Akida, in Germany will be contacted in the

government.

Langhorne gave an overview of development of an arctic program focusing on climate change, not
hydrates energy. Langhorn says that Navy should stay out of this and we can put this through I[1ASA.

Simulations not accomplished but the experimentalists need to know what the modelers need. That
whole format goes with the field scientists also. This is a necessity. Theory, field and experiments
need to model.

Treude offered to search website for information on the Arctic Ocean and climate change. This
information is included in the Characterization and Quantification of Arctic Hydrates session (above).
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V1. Posters Presented at the Workshop

1. Geochemical and geophysical data integration for preliminary hydrate surveys across the
Porangahau Ridge on the Hikurangi Margin, New Zealand. (R. Coffin, NRL: USA)

2. Monitoring of temporally and spatially transient bubble release and the special extrapolates of
methane fluxes: use of hydro acoustic methods in the Black sea ... and what New Zealand sheep have
to d with it. (J. Greinert, Renard Center of Marine Geology: Belgium)

3. Thermal modeling of marine hydrate in changing environments. (A. Lemon, Univ. Leicester: UK)

4. Assessing concentration of methane hydrate in marine sediments. (P. Jackson, Univ. Leicester: UK)

5. Shallow sediment carbon cycling driven by deep methane vertical flux: Atwater Valley on the
Texas-Louisiana shelf. (R. Coffin, NRL: USA)

6. Deformation of methane hydrate supported sand during its dissociation. (M. Hyodo, Univ.
Yamaguchi: Japan)

7. Gas hydrate and associated free gas across the Alaskan Beaufort Sea outer continental margin. (P.
Hart, USGS: USA)

8. Origin of hydrocarbon gases in gas hydrates from the Alaskan North Slope, USA. (Lorenson,
USGS: USA)

9. Gas hydrates and seafloor warming: research within the future ocean project in Kiel, Germany. (T.
Treude, IFM-GEOMAR: Germany)

10. Submarine gas hydrate exploration, exploitation and transport (SUGAR). (IMF-GEOMAR:
Germany)

11. Sallow upper boundary of gas hydrate stability zone in the Okhotsk sea: Implications of dynamic
of gas hydrates in the cold sea. (J.K. Jin, Korean Polar Res. Inst.: Korea)

12. Casing stability modeling in gas hydrate bearing sediments. (M. Salehabadi, Petronas Res. SDN.
BHD. :Malaysia)

13. T. Fujii, JOGMEC : Japan

14. Gas hydrates on the Norway-Barents Sea-Svalbard margin (GANS). (H. Haflidason, Univ. Bergen:
Norway)

15. Gas seepage from the Cascadian Arctic shelf and seeps of the Mackenzie river Delta, NWT,
Canada. (T. Lorenson, USGS: USA)
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16. Norwegian margin fluid escape structures — sedimentary environments and evolutions. (B.O.
Hjelstuen, Univ. Bergen: Norway)

17. Geomicrobal characterization of gas seep sediments using a novel molecular biological method.
(L. Hamdan, NRL: USA)

18. Well bore stability problem for methane hydrate extraction. (S.L. Lee, Univ. Cambridge: UK)

19. Geomechanical study of methane hydrate soil: micromechanics. (J. Brugada, Univ. Cambridge:
UK)

20. Clathrate hydrate crystals observed via transmission electron microscope. (T. Uchida, Hokkaido
Univ.: Japan)
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VI1I. Posters Published

Submarine Gas Hydrate Exploration,
Exploitation and Transport (SUGAR)
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Geomechanical Study of Methane
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Hydrate Soil: Micromechanics

Tes rmmeeh m boadsl by B Selonal Cmeed o Goswsee md

Tobiibigy ol s ETIMACTT]

+ Tha strezgth dapemds om S (Fig. 1)

dilasiom () similar to camsated sand [Fiz. 3).

im coherion and has mo gfffecy on friction angle.
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(1) Introduction h
The seady of peomechanical bekavicur of methazs Evdmets-bearing sodls bas followsd & comtimuun: mechamics appreack. Elar & Soga (2005) have
formlatad a coupled flow-deforaticn modeld in which fie sed stuctars s assamed o cozsist of oo sepamte coztima (eod and byda), sack of which has
I WD alash:-:plam-c bahzviowr. Different kvpotheses bave been fornlessd  Sor methe=e Eyvdowie fommatiom 2t particls scale However, there is listle
understacing oo bow the micrescals processes ralated to bydrare formasion affect the 5ncn.n-c.au.|.csl ‘betaviour of sediments. The ain: of tis ressarch i o
stady the affect of the diffrens metkane Sydrate growth pavierms om dhe geomechanical Sehaviowr of hpdrase-dearing soils. A mocro-machezscal stody
proposed wiing the Discras Elemszr Mathod (DER ), whick will consis: of simulaticn of thaxdal sesm.

’
5

(2) Engineering Properties of Methane Hydrate Soil
+ Prasamze of gas bydrass mmersasis the skear resistance (Fig. 1) a=d anhences
+ The mmge Ficticn angles (3" for zatural a=d me=-mads sanzples ars 35" and e pors Shud zod the el dsnsity of she sedimsnt

31" respactively, mdepezdant of Syy. Cobssion tends fo mmcrease witk Syy (Fig.
1. This leads o the kypethesis dat gas bydrate only comimiuser to ohe imorease

T

(3) Models of Methane Hydrate Growth
Alpdel A: Pore Glling
» Hydrate is past of the pors Smid —
» Mathaze hydmie affacts the balk modulzs of >,

Alodel B: Frame-building
» Hydmte is past of the frama: supporting mex .
» Sadimant perosity mdaces with hydrans sammraties

] o 0
s e e L

Fig.2 Ak amph
T T P

. Alodel C: Cementanon
¥ - .
a » Hydrate is past of the dry franwe a=d acts as cememr %,
. i= tha grain contacss

. * Prossoce of ydrate reduces the sedimezt porosity
Mlpdel I Grain coatizg I,-"“x,r"“\,
» Eydmate is past of the dry frame >¢.

ry o wfl * Sadimant perosity is raduced by the prasszce L
O . e, - ’

Fig 3 E%ei al gas ydoms

of lydrata ’

Sample preparation: Cylindrical ezd rsctezgelar smplas wars
craezed to simulate bydram satumticzs ranging drom % o 30%: for
e pars-Elling cam. (Fig. 41

The particles wars ganscated wiing the rade expansics musthed and the
samples wem subjectd 1o motropic comsolidasiom previoms o
shazsing.

Preliminary Resulis: Fore-filling caze

] 1 ] 3 = o ] n
LTS AT o

Fig &= DEM dmslatkn: Fifect of §yoraio ueursden (S han g

|
u

—
i - u - #Forefirg
= ] & JECarr e,
i -

a £ & - [
My e Soelunation L)

e

4 Tl ol b iy (il TH

mamsmen L <

Diizcuwssion: Tee prabiminary DEM reenlis Sollow the sams trend a3 sxperimentz]
reaedts raported by Masud e al (2005

+ Yommg's moduahus (E,.) mcrsases with 55 (Fig 5 )
+ Tha paek deviator strass depesds oz 5

+ The rate of inczease for Ey, depezds on 5y e=d g2 bydmie growh pestems
(poce-Sling or camentation) (Fig. &)

" Enhazced &lation with izeraesed 5,5,

+ Tha DEM raslts also show tat an inczeese = hydmte particls size srecgthans

the contact foroe chain carmying tha lead withiz tha sammpla (Fig. 7)

r. -
{5 Future Work
This stody will be sxzsnded to inchuda:
+ Tha differant medsls of methezs bydrate groa:
+ Sazople creaticn follew Lu.wu]:mba'hd::h.c eppeoach fornzalarad by Santamaniza of al
(2007) - banrogansoss zacleaton of bydrases
+ Compressibilizy simulated by DEM cadomstes tasts
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Introduction: HERIOT
EEWATT

Casing intagrity in shallow marine sediments is challenging if natural with tweo different thermal Conclusion:
zas hydrates exist in the sediments. In-situ hydrates could dissociate conductivities are shown i the

following figures. UNIVERSITY

A mumerical model that couples a well-proven themmodymanie PVT-Hydrate modal
(1e., HWHYD) with ABAQUS 15 developed. The model was used mn investizating
casing stability of wells drilled in gas hydrate bearing sediments in deep offshore
environments. Under the assumed modelling and boundary condittons, 1t 15 found -
that the cement with low thermal conductivity decreases heat fransfer from the Caslng
wellbore towards the formation resulting i lower gzas hydrate dizsociation and

lower pore pressure mncrease in the formation behind the cement Maxinmm Von

- -
IMises stress generated in the casing with low thermal conductivity cement 1s lower Stablll(’;

than the wellbore with high thermal conductivity cement. As a result casing stability

15 ligher in the wellbore cemented with the low thermal conductivity cement It -
confirms the benefit of using cement with low thermal conductivity for cementing Mo delllng
the gas hydrate bearing section in deep effshore wells.

The developed modsl can be used 22 a design fool to pradict the casing stability and

-
casing mechameal strength required for deep offshore wells dnlled in zas hydrate ln
beaning sediments.

Further de‘relopmentl: GaS Hydrate

1-Modelling Part:

1-1-Gas hydrate behind the cement sheath can alse dissociate during sstiing and'er Bearlng

cementng, causing gas release which could result in delaying completion of the wellbore
due to the flow of gas behind the casing or affecting the casing mtegiity or casing stability

-
by creating vouds (channels) n the cement sheath leading te nen-uniform stress leadings. Sedlm en tS

We have mvestizated the casing stability of the deep offshore wellbore in the presence of

void in the cement sheath (channalmg)*. Manocochehr Salehabadi
*-" Finito Elepscnt Modalling of Casing in Gas Hydrato Bsasni=g Sedimconis™, Manoockshr Salehabadi, Min Jin, Finkai Min Jin

Yeng. Hooran Haghighi Fekan Ahmad 2=d Bakman Tohidi, accepted for publicatton and pressntation at the 2008 SPE

Eurepec/EAGE A=mal Cezfemance 2=d Exhibstion bald in Reme, Haly, 8-12 Ju=s 2005 Jinhai Yllg

during deepwater dnlling and production operation, resultng m an
ncrease i POre Pressura.

In this study, 2 numerical model i= developed nsing ABAQUS ( finita-
element softwarz) te medel casmg stability In gas hydrate bearmg
sediments. The medel 15 developed by considermg the mieraction
between the formation, the casing. and the cement with couplmg the
thermodynamic stability of the hydrates to hydranlie, mechanical and
heat transfer terms.

It 15 assumed m the modslling that the permeability of zas hydrate
bearing sediments 15 very low as a result the zas and water zenerated
during gas hydrate dissociation cannot flow away and will increase
pore prassure (Le., to model the worst-case scenaric) .

Numerical Modelling:

HWHYD, the Heriot-Watt Hydrate medel, is used and implemented
mto the model to simulate hydrate stability zone and quantify the pore
prassure mnerease due to gas hydrate dissociation. The effect of drilling
flmd inside the casing has been taken inte account by applymng radial
supporting force inside the casing with mazmtode equal to dnlling
mud weight It 15 assumed that thers 15 a confact interaction betwean
cement and formation but thers 15 a perfect bond between the cazing
and the cement All material properties used mn the modelling were
obtained from availabls literature

Modelling Sequential:
Eguilibrinm siep:

In this step, the model is brouzht to sgqulibriom under in-sitn stresses,
temperature and pore prassure.

1-2- Mumerical modelling of diffarent scenarios associated with Geohazards of dnlling P

- = Hooman Haghigh

deap offshore wellbere in gas hydrate beaning sediments (ongoing project) 5 :
Rehan Ahmed

Bahman Tohidi

ing and Camant Risdial Displacenant

I-Experimental Part:
Drilling step:

To mimie actual dnlling conditions and achieve the stress and
displacement distibution around the wellbore during/after dulling,
elements within the wellbore wers removed from the model duving this
step.

Diespita considerzble mterest in the properties of gas hydrate bearng sediments, the
mechanical properties of these sediments remam poerly known. The mechaniczl properties
and the constitutive modal have a major effect on the results of the wellbore ntegrity
modelling and also

zas production from methane hydrates studies. Dizsociation of methane hydrate in

Runming the casing and cemensing seep: marine sediments may cause seabed subsidence or deformation of hydrate
In this step, it 15 assumed that casing 15 run and cemented immediately  Discussion: sediment strata. Such incident will divectly affect the productivity of the producing
after diilling, hence after removing elements withm the wellbore in the High wells if 1t 15 not propetly estimated prier to the production. In this laboratory, we
pravious step, casing and cement elements wers added to the model in S e have conducted significant expenimental work (through a joint industry project) on
this step to mimic casing 1umning and cementing processes. - measuring the strength of gas hydrate beanng sediments as a function of varions
parameters, melnding hydrate saturation, sediment mmeralozy, ete. Currently, we
Diyilling the next section siep: Cutng are installing the most advanced high pressure Triaxial testing setup designed for
The temperature of casmg elaments in this step is increazed by 10 K to Dalemmation zas hydrate bearing zsdiments for conducting comprehenzive study on the
model the heat transfer from dnlling mud mside the easing. machanical behaviour and properies of these sadiments under realistic conditions.
Lizes
Resal [ra—
esulis: _ . o : Rl 1-Please do not hesitate to contact us if you are interested and
The pore pressure merease due to gas hydrate dissoelation, casing and :::. required further details.
cement radial deformation, maximum Ven Mises siress generated after 4 Casng
8 days dnllng of the next section of the wellbore with cement s
Dot

www.pet.hw.ac.uk

Centre for Ga: Hydrate Research, Institate of Petrolenm Engineering, Heriot-Watt University, Edinburgh EH14 4A%, UK
Tel: +44(0)131 451 3672 Fax: +44(0)131 451 3127
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Shallow Sediment Carbon Cycling Driven by Deep Methane
Vertical Flux: Atwater Valley on the Texas-Louisiana Shelf
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Geochemical and geophysical data integration for preliminary hydrate surveys

across the Porangahau Ridge on the Hikurangi Margin, New Zealand
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Deformation of methane hydrate supported sand
during its dissociation

By Masayuki Hyodo, Yukio Nakata, Norimasa Yoshimoto
Jun Yoneda and Joji Nagadori
Dept. of Civil and Environmental Engineering Yamaguchi University

JAPAN

1. Back grou

Methang hydrate iz currently being eagerly
examined as a next-gensration energy
resource to replace oil and natural gas.

It is estimated that the methane hydrate
reserves around Japan, a nation otherwise
Door in ensrgy resources, would be
sufficient fo last over 100 years, based on
present levels of natural gas consumption®
To develop this new, unfamiliar resource,
Advigory Committee for MNational Methane
Hydrate Exploitation Program, an
investigative committee established within
the Ministry of Economy, Trade and Industry
has prepared “Japan's Methane Hydrate
Exploitation Program™.
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3. Purpose of the study

1. Formation of methane hydrate in the sand
specimen in triaxial cell

2. Triaxial compression tests on the methane
hydrate-bearing sand at the same condition
as deep seabed

3. Deformation of the specimen due to
decomposition of methane hydrate

[ Tempergture and Stress Histories

-

| Sandica
Y

4. Testing Equipment

Faximum cell \
pressure s =
max J0MPa
Maimum back
prEssSUrE = = |
max Z0MPa
Maximum axial load = -+
max 200kH
Temperabure = =
=35 &le =

Iawrwrrzas of M Bstastior
prsthee Stssmarnssarssnsinansaiparnnan

woo oy choriro b

aue . - wa sassssana

M Sheartest results up to 50% axial siran ks shown. For sanss

Triaxial behavior of MH-supported sai Effzct of Tempersiure

Efteci of degree of KH saturation i Loose sand Swet SO%
1g [ Fare Fressune=15MPa ou's3MPa
eestetiiosnsay 2 &

— T

o ]

= 1 2

= w a

- = -~ Temperature=is « *

] 5 . z

] = 2 —+Temperature=10 + =

W > -m~Host sand -

- o 5

2 = ] 1z A

B £ B

> b H

& & [ o2
§ NI,
W 2 E
2 1] £ ] EE -2
& Axlal slraln « u(%) 2
E
2 W Tne axlal oeviator stress-axial straln-valumetric strain

A1 SN ea%) = TElatians Tor the CAEes WNETE INe l2mperature was vaned

betwesn 10C ang 100C are shown. it ks understood from the
figure that specimen under 1 oC shows NIgher strengtn when
MH saturation |s approximatsly same.

The experimental results wih changing segres of MH saturation are
shown. Based on the fgure, an ncrease In the axlal seviator stress 15
observed wiih the Increass In degrae of ME saturation. |1 s balleved
tnat 35 tne proportion of MH sccupying the pores I8 Increased, e
czmending force also Increased, resuliing In kH adhering firmly In-
between ihe sand parlicles. Moreover, higher degree of MH
saturatlon results In higher residual strength.

srength due fo diffarent 8.1 Thermal RECO\'EF)‘ Method

M 0 tnis memned, & wel Is driied i
the methane nydrate-neanng layer,
and methane hydrate ls dssoclated
by heating using a fiuld (hat water
of steam) heated at the surface Ina
baller or similar devics and
circulaizd down through the well
This causes metnane hydrats o

8. Deformation of the sand specimen due to
dissociation of methane hydrate

Ditferance In resldual £

Daviator strass q{MPa)

‘f decompose and generates methane
. gas
3

125 = \saring- =
W

°E =0 M bearngsand | !

SaslzmEpames W L u n
. . o o iz E T
Axlal straim « g% ;2 Toyoura sand

conzaining MH, the cementing strenglh gradually decreasss as the
peak sirengtn Is approacned, and Ine sirength decreasss. However

itIs belleved that even when the cementing force Is lost, MH ks st el Sl juth .
present Inslde the pores.

. i

Effect of Fora Preseure Thermal E

Deviator stress g(MPa)
=

—————
rezowery piisl

7 i
= o L L L L L —
T o 0 20
8l Effective mean stress p'{MPa)

& & pero : a
i o kS 0, - g
2] - 14
= £
& -
E w12 Toyoura Sand
ok 4
g E ; -
fr o o T ThZ 5 :
= w g * i
Axlal straln = 8% ]
2
M The test ragults for varlous pore pressures under simiiar efective W6 I.u' Vol e
confning pregsure, temparature and S, From ine rasults, an = "‘I. - 1=3% .
nenease In e axlal geviater SE5s was observed with the = alfl - e Tiomdl
nerease In pore pressurs. Thus, the srengsn of sand cantalning 5 FrEmE e
MH depends on depth, with an Increasing sirength assoclated g 2
with Increasing depth. Similar dependence with temperature and
Dack pressure were obsenved In previeus experiments Invalving
MH only and, therefore, the prasent resulls on MH trapped wishin ] 0 15 20
sand pariicles suppor such Andings. Axial strain = (%)
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8.2 Depressurization Method 10. Constitutive Equation for MH supported sand L
. o
ot recmery Balnt - <= M The sepressurization 1) Medified Cam-clay model was used YT prre——— .
@ Tnermal recovery point 0% method lowering the 2)The plastic strain increment is defined by associative flow - =
o.E pressure Inslde the well rule g L
; & and z_1co|.':gl_r; the 3)To express the time dependent elastoplastic deformation ¥
4 - melnane nydrate ta within the yield surface, the subloading surface maodel i -
2 4 dissoclate. (Matnans e [ ¥ 5 P
. . hyarate Qissoslates Info ({Hashiguchi and Oyakasu, 2000} is intreduced; el o
5 ; methane gas and water 4)The bonding action is introduced as the average effective g .
5 oo 2 when depressurized.} principal stress companent, Py, 3 [
7= o & | — S oina
) A1y = i . . : e
% 1 E] 15 2 P 0 indicates the constitutive mode| for MH-bearing sand e |
g [T F =0 represents pure sand only T i1
. - ;ﬁ';e:,—u,;;::-c 8) To express the plastic deformation behavior in yield surface, Axial 34rain ca%)
L a 1= £ E the subloading model is applied N N N " _—
Temperature (« 4 o 13, Analysis of deformation during MH dissociation
. - . n
E3 10
- . - " =
given isotropic stress condition g 11. Outline of the mod 13.1 Thermal Recovery Method
2 .
@ Themal recovery point « % Obarmal yleld surtace (sand) Dsutioading surace '
2 i =5 S : Drilling ;
£ 13 7 2 s (p+pl 1] well =
z E ® 5 [ 5
H 4o E - - - = H
. 1.7 Ditormal yleld suracs *
5 1o :Ev 0 [MH-pearing sand E E
£ 5 I .
g Joo & o 5 o 1 (P pa | 14 { ot o H
£ 1 = | g T
I qos E T u i
5 1 H #Evolution law of & ;
Jio § g QiS50 o - e . 5
E L ] ?:; L":\.‘."::‘...,".:‘,‘ u ﬁ'LrF‘:I Mosel of dues i
e - T E— = F 50 @ Thermal recovery polnt: :=0. 0.5 1% 20 o ip 0 L‘,-—u]tk—.*l'{ I s .
a L A 1 Bicading ¥ sl vrean ey
Temperature (= % R sarinzs P
_ 3 W l25F | s ®Hardsning law of py 13.2 Depressurizaion Method
. i
E _.--"_""...'-'\I- 4 h Camart P AT
methane hyriate by thermal recovery g4n TR R 20 = sines gl W i
" - i e ! |
method applied given sirain level 3 ;p,_“ J—— e i -
@ Tnermal recovery points s=1. 3, 5% w
F=o vE 20 N \‘%\.a»—c #Evolution law of g, 0efining #Liner coefficient L,
L i 2 Lt * =% relates fo the creep
H F 8 e patential surface
¥ 40 & soroopoee ooty oo
: K 10 5 [
= 30 . Back Pressure (MPa)
2 £
2 A -
220 B o diecociatio cc by dep g
; E - & Tnermal recovery paints_s=0.0.5 1%
- < FE T T T T T T 20 ¢ M rcpal s pR
3 o Y -
S T R i {153 13.3 During Water Pressure Recover
Temperature {+ § Eap {10 & m.l J— e i
B 2 Pricsurs —_—k
5 o afion of metha - qos & Recuver S
tnermal recavery methad “2n oo E
. : £ ;
TRenmal racowery points 3=1,3, 5% ] o5 | L
z —— -2 z . AR g
] £ o o § T
© 40 . b Back Pressure (MPa) H e =
t 17 = . H
239 L Summary of Experiment i
% 1n & i a
Eap - * Shear sirength increased due to formation of methane e .
3 20 g " X ? v
s H hydrate in the sand specimen.
. 1+ v pecime ) 14. Summary of Analysis
2 10 | * Shear strength increased with decrease in temperature - .
o 2 . . A time-dependent elastoplastic constitutve model had been proposed for MH-bearing soil in order to clarify the deformation and
L. . and increase in backpressure.
2

sirength characteristics of the ground associsted with the production of MH . Analysis showed that the MH model can reproducs
Shear deformation and volume changs were quantified satisfactorily the stress-strain behawvior as well as the deformation characteristics of sail with internal bonding forces. |t is suggested
during dizsociation of methane hydrate_ that if the 14 parameters used in the MH model can be determined appropristely, the changes in temperature and water pressure in
time dependant during MH production can be simulated adequately by the proposed modsl.

[
5
|
k3|
=1
e

Volume change of methane hydrate bearing-sand
during depressurization depend on effective stress
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@Background

Numerous researches have been directed on factors that influence the amount of methane gas production in methane hydrate fields.
However, a successful methane gas production operation remains questionable as safety concern related to well stability is not fully
understood yet. Further research from geomechanics point of view is required in order to have a safe yet economical means of
methane gas production. Methane hydrate dissociation induced cement sheath breakage in multilayered condition has been
identified as a forefront topic. The consequence of this phenomenon can be disastrous as it allows methane gas migration to undesired
direction in the soil formation. This will not only affect the amount of methane gas production but may also jeopardise the entire
operation. In particular, the methane hydrate fields such as Nankai Trough (NT) and Mallik Mackenzie Delta (MMD) encountered a
soil profile of alternating layers of sands and clays. Studies using FLAC, a finite difference programme has been conducted in which a
modified Mohr Coulomb model (Klar & Soga, 2005) is used.

~

Fig. 1: Adopted from NRC-SIMS
(Steacie Institute for Molecular Sciency

Model Formulation
3.1 Coupled deformation

Both soil grains and hydrate are
assumed to be incompressible, but
the soil skeleton is compressible.
The behaviour of compressible
water and gas is represented by
equations for compressible fluids:

CACEY: Y )
a  S,n at a

® 1am astgv
at Snpgﬁl a

[The mass balance equations for
ater, gas and hydrate are:

am,

ﬁ:’v‘(f’nqn)’

am, om,
M _ _y. — OMun.
a (oa)-=5¢
om, _ am,, | Mg,

a at at
The dissociation process follows
Kim et al. (1987):

om,
2= KoM ANS, (P Py HIR -]

am,

un _

M,N, amy,
FRRE T

omy _ M, Omy,
M a

s a M, a

The specific flows are defined by
Darcy’s law:
9 =~k (VP, - 0,9)

\

Value of relative permeability
pressure
corresponds to Van Genuchten

and capillary

(1980):

kr=sih--seyf
ke =f-s, JF-s)*
-R,=R(5,) =R (51" where
o Se _ S
“7s,+5, 1-5,
3.2 Effective stress-strain
relationship
The stress-strain relation of
soil skeleton is a function of
Terzaghi’s effective stress
defined as:
oy=0,-P8,

P=
1-5,

The strength of the soil-
hydrate material depends on
Syy and the hydrate
contribution to the strength
is of cohesive nature rather
than friction. Modified Mohr
Coulomb failure criterion is
adopted:

f(0y,05,8,)=0,— o'aN;+Zc[Sh]«/7

SRy +S,Py

9= —kn;—fk,‘ (v7, -p,0)

( ® Methane hydrate

n Numerical
Insit h

oot Casing (1rited
Fig. 2: Condition near w!llbor! insitu
and modelling situation

Clay
Gonlour
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Fig. 3: Temperature profile with thermal
consideration

<

v" A unified casing and cement as shown in Fig. 2 has
been adopted in NT site to simulate the
depressurisation process with the consideration of
multilayered condition and thermal aspect (Ng et al. ,
2008)

v Fig. 3 shows heat flows from the clay layer to the
sand layer leads to faster rate of hydrate dissociation in
the hydrate region near the clay-sand boundary than at
the centre of hydrate sand layer which will influence
the stress distribution.

extraction in layered soils

v" Arching in the vertical direction was observed due to
the difference in the stiffness of clay and sand layer as
well as the localised accelerated dissociation at the
clay-sand interface.

v Fig. 4 demonstrates that the heat flow from the
interface has a greater effect in the case of a smaller
thickness at a small thickness of the clay-sand layer.
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‘ Fig. 4: Effect of soil thickness in which the total

thickness of i) 0.5 m, ail) 1.0 m and aiii) 2.0m

(@ Cement breakage risk due to methane hydrate dissociation

Approach: The in-situ wellbore condition which separates the steel, cement and soil is
modelled. Fig. 5 shows the stages when the drilling mud is replaced with cement during
the methane gas production. 1D well stability analyses during depressurisation in a
supported well are investigated using FLAC. A modified Mohr Coulomb model which is
explained above is employed in which effects of S, on Eg, ¢ and  are incorporated. The

Fig. 5: Stages of cementing in hydrate beanng soil

Total vertical stress = 21500 kPa S,
Pore pressure = 11800 kPa Te

depressurisation sequence is shown in Fig. 6.

Initial Conditions: Condition at MMD site, on the coast of the Beaufort Sea,
in Canada’s Northwest Territories is simulated at around 900m depth (Fig. 7) with:

=70%
MHV =285K (

k,=0.7

Preliminary Results:

replacement with cement is critical to

ensure a safe gas production.

v'Fig. 8a shows the soil region is in the safe side during the depressurisation process.
v The soil is almost in failure state when the mud pressure reaches 12000 kPa
in which the replacement is taking place. Therefore, the time for the mud

Fig. 6:

v The shear strength of the cement is around 3500 kPa. As shown in Fig. 8b, the factor of safety for the cement
region would be around 10 at the end of depressurisation.

v If soil properties possesses 35% Sy, the soil is failed before the mud is replaced with cement (not shown here).

Fig. 8: (a) Soil stress path and (b) cement stress

path during depressurisation proces:

: Depressurisation sequence

g o

§ 8888838 8

[T ——

H

H

Fig. 7: Soil profile at MMD

(® Future work

The study in MMD sites will be revisg
with more parametric studies which
include:

v’ Temperature

v’ Pressure reduction rates

s v’ Cement properties

v Soil properties

v Hydrate reformation

v Shrinkage of cement

J

¥ZD analyses

Al the references stated here can be found in OTC 19364 (2008)
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Clathrate hydrate crystals observed via Transmission electron microscope

T. Shiga. K. Ishizuka, M. Nagayama. K. Gohara. and T. Uchida*

Div. App. Phys.. Grad. Sch. Eng.. Hokkaido Univ., N13W8 Kita-ku, Sapporo 060-8628. Japan
*corresponding author: +81-11-706-6635

Recently the high-magnification observations on clathrate hydrates have been developed to find
the evidences of the self-preservation processes of hydrate crystals observed at temperature below
273 K, or to observe the heterogeneous distributions of clathrate hydrates regarding to compositions
and/or structures (e.g.. Stern ef al.. 2004: Kuhs ef al., 2004). Transmission electron microscope
(TEM) 1s one of the powerful tools to obtain such high-magnification images with obtaining the
local diffraction patterns simultaneously. However, due to its high-vacuum condition, there is no
report of the TEM observations on clathrate hydrates. The objective of this study was the direct
observations of clathrate hydrates via TEM.

We used the tetrahydrofran (THF) hydrate as the sample for the TEM observations. The
stoiciometric THF solution was cooled in the refrigerator (at temperatures just above 273 K) to
form THF hydrate crystals. This crystal was crashed at liquid nitrogen atmosphere to prepare the
thin specimen for TEM (JEOL, type JEM-2010F) observations. To prevent the dissociation of THF
hydrates in the TEM observation conditions, at pressures of 10° Pa. the temperature of specimen
was kept at approximately 80 K. To evaluate the analytical process of clathrate hydrates. ice crystals
were also observed. The diffraction pattern was fitted with a simulated one to estimate the crystal
axis and the lattice parameters.

Figure 1 shows the real image of the ice crystal and the diffraction pattern of the crystal (shown
in the inert). We confirmed that the object was the hexagonal ice single-crystal [0001] direction
with the lattice parameter of @ = 4.65 A. Then we observed the THF hydrates. As shown in Figure 2.
the crystal is the structure II clathrate hydrate (cubic, space group: Fd3m. [114] direction) with the
lattice parameter of @ = 16.8 A. This is the first report of the clathrate hydrate observation via TEM.
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Figure 1: TEM image and diffraction pattern of ice Figure 2: TEM image and diffraction pattern (super-
imposed by the simulated pattern) of THF hydrate
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