EXPLORING THE DARK

Gas hydrates;
As mythical as they are real
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Go on.............blaim it on the gas hydrates
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® Bermuda Triangle
® Sinking Ships
® Tsunamis

® Storegga Slide

® Clathrate Gun for
runaway climate change

® Vast Energy Source

www.fugro.com

2



Hyping Methane Release by Popular Media

Nefarious Russian plot to melt all the gas hydrate
on the U.S. eastern continental slope to gas major
population centers along Eastern Seaboard

1 NEW YORK TIMES BESTSELLING AUTHOR
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Marine methane explosions
through time cause global disasters
and it will happen in the future
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... and more hyping

™

EE N EWS WORLD EDITION

Thursday, 11 August 2005
Siberia’'s rapid thaw causes alarm

The world's largest frozen peat bog is melting, which could speed the rate
of global warming, New Scientist reports.

The huge expanse of western Siberia is thawing for the figges YT W 7Y AT I e T
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The area, which is the size of France and Germany combir
of tonnes of greenhouse gases into the atmosphere.

This could potentially act as a tipping point, causing globa
scientists fear. -

The situation is an "ecological landslide that is probably irm =
undoubtedly connected to climatic warming," researcher S
State University, Russia, told New Scientist magazine.
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But what are they?

® “Mineralization of gas and water”

® A cage of ice entraps a gas molecule,
mostly methane

® They are stable at moderately low
temperatures and moderately high
pressures

® 1 m3 of Methane Hydrate releases
approximately 165 m3 of methane gas
and ~0.8m3 of water
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Where are hydrates stable

® GHSZ - Gas Hydrate Stability Zone

® BSR - Bottom Simulating Reflector GAS HYDRATES IN PERMAFROST
(est. 1%)

GAS HYDRATES IN THE OCEAN (est. 99%)
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Modified from: http://iopscience.iop.org/1748-9326/4/3/034007 /fulltext
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Why the interest?

ential

formational energy
rce w/ promise of increased "

s?
tribution of energy source

already existing
ologies, but in new ways.

vious technical barriers for
promising resource
nts

ical communities
oor instability
e component of
carbon cycle?

JOGMEC, NRCan, Aurora —
Mallik 2008

change?

science for a changing world

Chevron
‘ — Gas Hydrate USGS
‘ N—TLM Resource Evaluation ‘
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Formation of Gas Hydrates

A Lo dPd

They are either formed by:
® Natural processes; or

® Artificial processes, i.e. HC
production activities such as leakage
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Hydrates as hazard - Slope Instability by pressure reduction
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Qriginal Slope

Surface
Large block of hydrated \
sediment breaking off and =

sliding down slope

Act as Glide Plan for Mass Failure
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Borowski and Paull (1997)
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Hydrates as hazard - Seafloor Instability by heating
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Are gas hydrates a real hazard?

® Theories about gas hydrate hazards stand firmly,
however no convincing real-world evidence to date

® Limited effect of temperature on stability may account for
this

® No conclusive standpoint in academia nor industry
whether hydrates are a real hazard
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Global environment
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Global environment - Back to the hyping

Methane Explosion

the ocean floor i eping monster, ane that millions of years ago d
ble and d and contair
It is the frozen methane reserves at the bottom of the se
s and igniting the atmosphere.
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Contrary Evidence to Massive Methane Release

® Isotopic studies of methane in ice cores suggest that the

contribution of gas hydrate to the atmosphere must have been minor
(Sowers, 2006)

® Budget calculations for the global carbon cycle suggest that the
input of methane (gas hydrate) from the oceans also may be
minimal (Maslin and Thomas, 2003)

® Melting of gas hydrate occurs very slowly over a significant time
period (Sultan, 2007)
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Potential Energy Source

® Hydrate is estimated to bind
immense amounts of methane in
sediments

® Large research effort on locating GH
resources and developing means for
GH production

® Japan, US, India, China, Korea, New
Zealand, Taiwan, Mexico, Brazil,
Uruguay, Vietham, Colombia, others

In-place resources (TCF) Reservoir type
100% Arctic sands
1,000% to 10,000 Marine sands
7 Fractured muds
R B BN, Mounds
Harder to recover
100,000's Undeformed muds

Lower resource concentrations

Increasing deposit volumes
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1400
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(coal, oil, natural gas) Gas hydrates
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10,000
Units = 1075 g carbon
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Gas hydrates as resource

® In last 10 years several successful short-
duration onshore production trials

® Two days ago
JOGMEG (Japan
national oil comp.)
announced worlds-
first successful
offshore production
trials
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BEO=a

12 March 2013 Last updated at 09:53 GMT

Japan extracts gas from methane hydrate
in world first

Japan says it has successfully extracted
natural gas from frozen methane hydrate
off its central coast, in a world first.

Methane hydrates, or clathrates, are a type of
frozen "cage" of molecules of methane and
water.

The gas field is about 50km away from Japan's |
main island, in the Nankai Trough.

Methane hydrate is also known as burnable or

! ] : flammable ice
Researchers say it could provide an alternative

energy source for Japan which imports all its

energy needs. Related Stories

www.fugro.com
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Ways to produce methane from gas hydrates

® Production by hydrate dissassociation
— Raising temperature
— Reducing pressure (most effective and practical)
— Inject ‘anti-freeze’, such as salts or chemicals

— Methane replacement (for instance by injection of
CO,)
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‘Exploring the dark’
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Fugro involvement through the years

NANKAI Trough (1999), Offshore Japan

HYACE Trials — ODP Leg 194 (2001), Offshore WA
ODP Leg 201 (2002), Offshore Peru

ODP Leg 204 (2002), Offshore Oregon

© 00O

Chinguetti (2003), Offshore Mauritania
JIP (2005), Gulf of Mexico
Cascadia Margin IODP Leg 311 (2005), West Coast Canada

© 0 O

Offshore Field Development (2006), Offshore Malaysia

DGH, Indian National GH Program (2006), Offshore India
GMGS, China National GH Program (2007), South China Sea
KNOC, Korean National GH Program (2007), East Sea
KNOC, Korean National GH Program (2010), East Sea
NANKAI Trough (2011), Offshore Japan

GMGS, China National GH Program (2013), South China Sea

© 00000
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Hydrate detection and quantification
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Thermal gradient — base hydrate stability zone Korea

Courtesy of KNOC
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Geophysical Logging
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Sampling massive seabed hydrates
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In Situ Testing Systems
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I}ﬂet filter for
pore water and gas

Temperature e

* Pore Water Samplmg (PWS) - \Sensor for in-situ pore pressure test
* Pore Pressure \Sensor for in-situ temperature test

* Electrical Conductivity (Resistivity) o
* Piezocone Penetrometer Testing (PCP
* Thermal Conductivity

* Vane Shear

* Ball Penetrometer
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Pore Water Sampler

® Operates to 3000 m water depth

® in situ pressure and temperature

testing Main body including
sample vessel and motor

® Real time monitoring of tests and
real time controlled thru logging
cable

Inlet filter for pore water

® WISON EP (4.5 m stroke)
downhole push system

® Analysis of pore water sample - gas
chromatograph (Composition/ y  Filterand sensor for in situ

. pore pressure testing
saturation of porewater)
Sensor for in situ temperature testing
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Pressure Corers — FPC & FRPC

® Downhole tools for sampling and
deck-to-deck measurement of
internal temperature and

pressure

® FPC: push + hydraulic

percussion

® FRPC: hydraulic rotary coring
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FPC FRPC

bottom hole assembly

landing shoulder o N

— telescopic section

v

central piston rod
flow divider -“

drive shaft

sliding rotor

drive mechanism
stator

autoclave section

flapper valve

outer core barrel

|~ accumulator

”/—plastic core liner

piston

core catcher

cutting shoe PCD core bit

roller cone bit
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Benefit of Pressure Cores
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Wireline Pressure Coring:
Coring operations

® Core is cut in undisturbed
formation ahead of the drill bit

Exploring the dark — KIVI NIRIA — March 2013
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Wireline Pressure Coring: a ‘lem
Retraction

® Core is retracted into the
autoclave pressure chamber
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FPC FrRec ([l

Wireline Pressure Coring:

Retrieval

® Core is sealed in autoclave and
retrieved to the drill floor
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Pressure core handling
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Pressure Core Analysis

® Why collect pressure cores if you
have to release the pressure to
analyze the core?

® The pressure coring tools were
built together with the analysis
system.
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Pressure Core Analysis

® Multi-sensor core logging (including density, P-wave and x-ray)

® Controlled depressurization of gas for gas chromatograph analyses (similar to
pore water sampler) and precise gas hydrate quantification

® Extrude samples for geotechnical/geological analysis

® Selected parts of de-pressurized sample can be squeezed in a press to extract
pore water

® Geochemical testing on extracted pore water
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Pressure cores with hydrate veins and layers, offshore Korea _Fm'm
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Evaluation, interpretation of investigation results - CT Scan
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Conclusions - Detection and quantification

® Hydrate detection and quantification

— Remote sensing techniques
— In-situ measurements

— Pressure cores

— Pore water samples
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® Quantification

— Volume
— Concentration
— Distribution

| 7:24:40)
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Fugro’s future plans for hydrate investigation

® Continue to be actively involved at the forefront of offshore gas hydrates
investigations and research initiatives.

® Improve current suite of tools - improved sampling and in-situ testing of gas
hydrate bearing strata

® Design, build and operate equipment that is specifically designed to meet
gas hydrate project requirements
— longer cores
— higher pressure capability)
— Integrated sub sampling / testing systems

— Advanced testing equipment for geomechnical, geophysical, geochemical
testing of pressure core sub samples

® Monitor developments in the Alaskan Arctic and Japan’s First Offshore
Marine Production Tests for Methane Hydrates
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Conclusions

Evaluation and quantification

Extensive suite of tools available for evaluation and
quantification of marine gas hydrate deposits

Gas hydrates

® A hazard? ¢ Possibly
® An environmental threat? ¢ Unlikely
® Aresource ¢ Likely in due time

Very strong geopolitical drive (energy independance)

So ‘shale gas’ beware, ‘gas hydrates’ are on your heels!
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Thank you!
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