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Gas Hydrate — was ist das? GEOMAR

A solid, ice-like chemical substance made out of water and natural gas (mainly CH,).

1m3 gas hydrate

=160 m3 gas

il A “~ Photo credit: U. of Victoria
Photo credit: GEOMAR Photo credit: USGS
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Gas Hydrate — was ist das? GEOMAR

Stable under special conditions of low
temperatures (5-20°C) and high pressure.

Photo credit: GEOMAR, Kiel

It can be found naturally along all continental
slopes in water depths exceeding ~600 m as
Photo credit: GEOMAR, Kiel well as in Arctic regions below permafrost.
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Gas Hydrate — was ist das? GEOMAR

Das Phasen-Diagramm Gas Hydrat Stabilitat ist abhangig von
Druck, Temperatur, Gas-Zusammensetzung, Salzgehalt
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Gas Hydrate — was ist das?

Gas Hydrate — Methan - Klima

Methan ist ein starkeres Treibhausgas als CO, (bei Faktor

~25) aber verweilt klirzere Zeit in der Atmosphére

Increased greenhouse
warming and CO,
formation from
methane

(o] Methane emissions

~ Increased warming

o) i - of the tundra surface

50 : (permafrost areas)
and some ocean

Permafrost waters causes
increased methane
emissions

-+ Hydrate stable

http://globalclimatechangenow.blogspot.com/p/clathrate-gun-hypothesis.html

https://en.wikipedia.org/wiki/Clathrate_gun_hypothesis Kennett et al., 2003

Gerald R. Dickens
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on near-initial values over ltod4m

Vi peri 4 T . ¥ o 0 rde-

usrentestimates' ™, over aperiod of " -rmagnitude, shapeand wide-

im ‘h‘n,wousandvearsz,ﬂ()(}—-i.l,‘m Cal‘b La isotope anomaly

55 than a th f . aly

i nes of carbon will be added to M 0, ~srbon ta the
G auman activity. Thats e

the atmosphere by T
-4 billion billion to
consequence of this ra
release of carh™~

pid

rnes. What will be = Dllr,‘

Vay 1989

Methane: the hidden greenhouse gas

Methane from cows, rubbish tips and rice fields is warming the Earth. Car exhausts may help the
process. But methane from the Arctic tundra could be most damaging of all

Fred Pearce

T IS hard to measure the
methane in a cow’s farts

But Dieter Ehhalt has

made an estimate. It is hardly
an easy task to count how
many cattle there are in the
world. But the West German
chemist has tried to do that |8
tco. Ehhalt’s answers are,
200 grams per
nillion. To-
that the

cattle e
atmosphere appre
million tonne:
each year,
up the planet

Public concern about the
greenhouse effect and its
potential to warm the Earth’s
atmosphere  has  so  far
focused on carbon dioxide,
unleashed into the ai
burn coal and oil a

of thane
gh to warm
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Gas Hydrate — was ist das? GEOMAR

Gas Hydrate — Methan - Klima

Natural gas | 0.2 kg CO,/kWh %
LPG | 0.23 g
Refinery gas | 0.24 g
Gasoline | 0.25 §
Kerosene | 0.26 E
Crude oil | 0.26 %
Diesel | 0.27 E’

Fuel oil 0.28 H s g
Lighite 0.36 <
Peat ] 0.38 %

Wood | 0.39 4

0 0.1 0.2 0.3 0.4

Ist Erdgas aus Hydraten ein “sauberer” fossiler Brennstoff ?
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Gas Hydrate — was ist das? GEOMAR

Flow-Assurance — Plugs in Pipelines

Photo credit: Centre for gas hydrate research, Heriot Watt
University

Phéto credit; €entre for gas hydrate research, Heriot WatL
o’ University*

Seit den 1930’er and 40’er Jahren wurde viel an der
Thermodynamik von GH geforscht (Dendy Sloan)
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Gas Hydrate — was ist das?

Energy resource and emissions

Detrital

Organic

Material

72+4 Marine Biota 2 £ 1
/

Atmosphere 3.8 +.2

Current estimates and
uncertainties in Gigatonnes

g
“mobile” carbon Land  Peat

Biota 320

) 550  £50
Dissolved In +50

Water
693+8

Soils
1600 + 100

(1000 - 10 000)
Natural Gas

520 +40
Oil
740 £100

Coal

Source: NETL 3700 + 600

https://netl.doe.gov/File%20library/resea
rch/oil-gas/hydrate-article-ECO-
Digital.pdf

See also: Ruppel and Kessler, 2017
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11,000 Gt C
(Kvenvolden, 1988a)
Nach ersten Bohrergebnissen

Oder doch nur 1800 GT C
(Milkov, 2004) ... ???

Die Zahl schwankt stark und ist
nur schlecht abzuschatzen

Ausserdem:;
Wieviel von diesem
“Kohlenstoff” kann tberhaupt

kommerziell geférdert werden?
(siehe dazu auch Diskussion bei
Boswell and Collett, 2011)
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Wie detektiert man Gas Hydrate mit \

geophysikalischen Methoden? GEOMAR

Physikalische Eigenschaften der Sedimente

Elektr. Porositat | Dichte | Gamma | Permeabilitat | Attenuation
Widerstand

Sediment +
Hydrat

Sediment

+Karbonat T T T ¢ 'T‘ N ¢ -

Sediment + * * *
Gas ‘1’ o 1‘ ¢ ¢ ¢ - T
*: < 25% Hydrate ) ] ] ]
+: Hydrat als Porenfiillung Was eignet sich? - Seismik
- Elektromagnetik
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Wie detektiert man Gas Hydrate mit \&

geophysikalischen Methoden? GEOMAR

Seismik — akustische Abbildung des Untergrundes

Research Vessel

0 -250 km
< . 00 ’
3900 m
_
) Tail Buoy
- Airgun Magneto-
. W Arrays meter T

Sea Gravimeter = ’ Ocean Bottom
(TETTTTeeeeY) S .‘.9;"_“_"1“"' Hydrophone

Channel 1 Channel 312 m

Ocean Floor «

Sediments I l

Igneous Crust

https://www.bgr.bund.de/EN/Themen/GG_Geophysik/Marine_Geophysik/Seismik/Bilder/erfassung_p_en.html
Schematische Darstellung

Marine Mehrkanal-Seismik
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Wie detektiert man Gas Hydrate mit \&

geophysikalischen Methoden? GEOMAR

Controlled-Source Electromagnetic (CSEM) — resistivity imaging

CSEM signal sourca

acoustic transducey | S— CSEM dragged
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Wie detektiert man Gas Hydrate mit \&

geophysikalischen Methoden? GEOMAR -

Controlled-Source EM

Pig

Transmitter cable Rt " el LY

: #&»‘ i
: 4 Y=
~ >
= 5
-_'\’ e
' = -~

TT0Z ‘s|obu3 pue Biaquaemyds

Report of Cruise PGC04-08
C.C.G. Vessel John P. Tully

22 July — 10 August 2004

(unpublished, by G.D. Spence & E.C. Willoughby)

Contact: Dr. Katrin Schwalenberg
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Wie detektiert man Gas Hydrate mit \&

geophysikalischen Methoden? GEOMAR

Controlled-Source EM

< GPS
" Ship- RRS James Clarke Ross

P
USBL transducer
TOW ed S dﬂ\ CSEM Transmitter
SR \ DASI Towed Ex Ey Ez receiver,

Sy S t em & - - Vulcan A
ocean-bottom electric field {’i ------ 300 m _
(OBE) receivers (Ex.Ey) . - ] I

Used by |

SOC + 8 B B &
SCRIPPS

E. Attias, A. Best, T. Minshull, K. Weitemeyer, Southampton Ocean. Centre
https://www.southampton.ac.uk/oes/research/projects/integration_of _csem_and_seismic_data.page
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Wie detektiert man Gas Hydrate mit \&

geophysikalischen Methoden? GEOMAR

Controlled-Source EM

P

Receiver Source

http://marineemlab.ucsd.edu/instruments/suesi_images.html

http://marineemlab.ucsd.edu/Projects/GoMHydrate/index.htmi
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Wie detektiert man Gas Hydrate mit \&

geophysikalischen Methoden? GEOMAR

Bisher haben sich seismische Methoden durchgesetzt
- hohe Auflosung des Untergrundes (1-5 Meter, je nach Frequenz)
- Gas Hydrat Konzentration gut abschéatzbar (+/- 5%)

CSEM noch eher “experimentell”
—> geringe Aufldosung (10-50 Meter vertikal und >500 m lateral)
- Gas Hydrat Konzentration schlecht abschéatzbar (+/- 10-20%)
- Kein Unterschied im Abbild zwischen freiem Gas und Gas Hydrat
(beide haben hohen elektrischen Widerstand)
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Wie detektiert man Gas Hydrate mit \&

geophysikalischen Methoden? GEOMAR

Gas Hydrate BSR

FEEELELEETTTTEETT TS T |
BSR- Conventional MCS |

Q BSR Impedance
= Model

Seismik — der Klassiker | _ 17| "ear ObF Site 859850 |l <o
(+)\l1 ! 8 [ 1
Bottom-Simulating '-’5‘55;‘%%‘%}&;;;;?‘: p VT
Reflektor “BSR” 7,0 |0 4«?% g((i N £ 100 Z
L | |||
- ssssfgﬁtszee&z:«««;ﬁaatz ¥ o[ I b
21 - E\ ‘j}éf{&] S >\ () R -

35 { 1 111U

2.2

S
] . 400
1 2 3 45 50050
T z Impedance  Synthetic
2.3 TSRS S Distance

s O 100 200 300 400 500 (m)

Modified after Hyndman and Dallimore, 2001
Hyndman et al., 2001
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Depth (m)

Wie detektiert man Gas Hydrate mit

geophysikalischen Methoden?

Interval-velocity (m/sec)

1,200 1,600 2,000 2,400

Q

GEOMAR

First widely used BSR images
off S. Carolina (US): Blake Ridge

1 | | | | | | | L}
2,600} Sea water NE
]
Sea fl ] ] 4
eafloor Bottom-simulating 2
2.800F seismic reflection §
_ Sediment : 2
' 3
3,000 RS 3
L Gas ¥ b E
hydrate &
3,200 F £
Free Gas BSR <
Rl I s — &
Shipley et al., 1979
Bohrmann & Torres, 2006
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Wie detektiert man Gas Hydrate mit \&

geophysikalischen Methoden? GEOMAR -

BSR can be cutting stratigraphy

Anticline core below
. "\'“-._\

100 ms. (TWT)

Laird and Morley, 2011
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2-way travel time (s)

Wie detektiert man Gas Hydrate mit \&

geophysikalischen Methoden? GEOMAR

BSR can be discernable by upper truncations of bright-spots

—
T

;\M\.")w' \V'rwv/;w wrw -3“'«‘""‘\'
Ty rh Fyd Viuu \;;j(:’-
s M A

) L_,.I-‘:"‘ﬁ .1.‘ '\1 "dw e

- o~
\, ‘F-"\V‘ i '\ A ¥ o
St V./zM f-’ i Mf—-‘e

5002 19USON WOl

Example from Flemish Pass Offshore Nova Scotla Canada
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Wie detektiert man Gas Hydrate mit

geophysikalischen Methoden?

Some examples on how GH deposits have been mapped
Gulf of Mexico Jomt Industry-Project (JIP)

' New Orleans LA Faperi e, ™

| 5% L~ - Gl ey
~A ey N — - 3 Y S i 2 "-.‘-r\ S :

Galveston, TX' @ s & T R

3 o . 5 <

X v o s A2 Y £, "5
% < Ly =

L . L SR O B

Map taken from Frye et al., 2009
’7
"
. S
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Jeou O C C 0UC
90°32 - 90°28 : 90°24' ) 90°20
Green Canyon 955 <
= ; 0%
(¢}
Green Canyo 2@,
L 2704'
&
Area of [ 70
4-way closure
Gas Hydrate Accumulations
https://www.netl.doe.gov/research/oil-and-gas/methane-
hydrates/2009-gomfip-leg2-reports o § M —

Hutchinson et al., 2009
Site was known to have gas hydrate in
sands from previous industry drilling and
seismic data
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90°26'W 90°24'W

Wie detektiert man Gas Hydrate mit -
geophysikalischen Methoden?
i, Borehole Corrected AfenuUTo
| {1 Derived Resistivity
0] 4-way.closure {1 | .
¥ And area of highest | 1] —
iv , : 4.2.0hms ==
]  Problem? Why Leading Concentrate? Gas H¢drate / 1
1 T g J { * Gas | - ‘ | O
Pt e 3 A e N i e \ c
o - ‘ & ‘.‘ ¥, roxirhal Levee K & L \
] > | el T ' *é s ' X
| 7 7 | £ == I * ; "=
w| ' NS »-4 - | | E
| | AR ¢
35004 | H [ -
Hutchinson et al., 2009 : —— " ‘ —
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Wie detektiert man Gas Hydrate mit

geophysikalischen Methoden? GEOMAR

No clear BSR — oId burled and subsequently faulted channel Ievee system

Offset 0 j 2000 4000 8000 8000 10000 19000 14000 lBUOD IBUDD 90000
Jas daloa sl

Jassades sl s abassalossals sasday aad sl ol aatas PR R P aaal
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-

Hutchinson et al., 2009
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Wie detektiert man Gas Hydrate mit

geophysikalischen Methoden?

Amplitude of
Horizon C

Hutchinson et al., 2009

5000 ft

XIY:

2468200 2470200 2472200 2474200 2476200 2478200 2480200
Feet TR I E TN FETTE FEET ST T T EE T S S S S

2482200 2484200 2486200
I aaaa e s laaaala

2488200
laa oo laaaalay

9820100]
_ M_ N o
9812100]
] § 2T
9816100]

3 e

9814100‘3 .

9812100]

9810100

9808100

9806100

9804100

9802100

’ GC955#2

F 9820100

L 9818100

F 9816100

F 9814100

F 9812100

F 9810100

F 9808100

F 9806100

[ 9804100

L 9802100

T T T T T T T T T T T T T
2468200 2470200 2472200 2474200 2476200 2478200 2480200

Gas Hydrate - AKE DPG Bad Honnef 18. Oktober 2018

T T T T T T A | T T
2482200 2484200 2486200 2488200

HELMHOLTZ

9992.320
F@SZZ 611
BN9252.902

18883.193
[8513.484
8143.775
7774.066
7404.357
7034.648
16664.939
6295.230
5925.521
5555.813
5186.104
4816.395
14446.685
14076.976
3707.267
3337.558
2967.849
2598.140
2228.431
1858.722
1489.013
1119.304
749.595
379.886
10.177
359.532
-729.241
-1098.950

Amplitude
of Horizon C
Reflector



Wie detektiert man Gas Hydrate mit
geophysikalischen Methoden?
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[ © 2009 WesternGeco Used by Permission

McConnell et al., 2009
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Wie detektiert man Gas Hydrate mit \&
geophysikalischen Methoden? GEOMAR

Line: 2000 ft 112379.0 112315.0 112249.0
Tace. NW " 31120 ; 330120 . 329120 SE
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
5'2'600 Relative
30 Gamma 120 [
F2.700

P40H (log)

Two-way travel time (s)

-10234.782
-11000.000

3,600

McConnell et al., 2009
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Wie detektiert man Gas Hydrate mit \&

geophysikalischen Methoden? GEOMAR

Gulf of Mexico
Green Canyon 955 with CSEM

27° 3N

From Constable, 2012
(Fig. 17)

Horizon C?

19520
s17s %. -
515516. ’ \ud

27°N

90°28 5W 90° 27/W  90°255W  90°24W apparent resistivity (€2-m)
——am T aaam
-2500 -?0(])0 -1500 05 1 15 2 25 3

m
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Wie quantifiziert man Gas Hydrate mit \&

geophysikalischen Methoden? GEOMAR

For seismic data, several algorithms have been proposed and tested

All these techniques exploit in principle the correlation between seismic velocity
(impedance) and gas hydrate content using a specific rock-physics model

- Impedance inversion
(P-velocity only)
- Elastic inversion
(P- and S- velocity)
- Full-waveform inversion
(P+S velocity + attenuation)

Pore filling

6 GH

From Dai et al.. 2004 Matrix and inclusions Nodules / Fracture - filling
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Wie quantifiziert man Gas Hydrate mit

geophysikalischen Methoden?

Q

GEOMAR

: “‘” @@@ Sediment velocity values
@ and measured gas hydrate
- e e saturation from a clean sand
L 4r ofty N . . .
¢ * = M environment of Arctic deposits
i MY o (Mallik, NWT, Canada)
M2 -
SR
- From Dai et al., 2004
2 ) M4 3 . r ,
ML38
"o 0.1 0.2 03 0.4 0.5 0.6 0.7 25 i 8 &
Gas Hydrate Saturation
All commercial algorithms now « - )
marketed by industry use thisset £ | =~ 4 /”'5' e
. . = &5 a
of equations underlying the two g 5] | S RS
images and work best in sandy g T vt ,}
. =3 & B
regions. A I @
Supporting matrix/grain
Gas Hydrate - AKE DPG Bad Honnef 18. Oktober2 9 o 02 03 04 05 06 07 08 0.9
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Wie quantifiziert man Gas Hydrate mit \&

geophysikalischen Methoden? GEOMAR

Controlled source EM data can be used to assess gas hydrate saturation through
the use of an empirical relationship between resistivity and porosity

Archie’s equation .

. R —m n
F = —9 - {Igb *S"h —1— i:H:{‘I?-?w
R P" R,

W
Porosity ¢ , resistivity of seawater-saturated sediment (Ro) and resistivity of pore
water (Rw); a, m and n are constants to be defined from cross-plotting

r saturated sediments

| 7 Parameter ‘a’ is formation factor @
B full water content (¢ = 1)

Formation factor (FF)

: * One school of scientists therefore
1 FF=3.051""" e PO SetS a ——

Shankar and Riedel, 2013

0,'4 : : 0{6 0.8
Density porosity
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Meilensteine in der Gashydrat-Exploration

Timeline chart showing
the deepwater marine,
Arctic permafrost, and
academic ocean drilling
scientific drilling
expeditions dedicated to
the research on natural
occurring methane
hydrates

From:

Consortium for Ocean
Leadership and the
methane hydrate project
science team, 2013

COMPLETED | FUTURE

MITI

Gas Hydrate - AKE DPG

METI ~ MH21 production test.
o Japan e------- .___________,:_ I e
c E : Commercial
5 | USA (Gulf of Mexico! @@ Q?  scale production
b= DOE/Chevron JIP) : :
— i .
L | Korea (UBGH) N — n
o :
= | India (NGHP)
o
§ China (GMGS)
Gumusut-Kapak
: >
. [Canada [ —— u ]
% | (Mallik) : ; al
2 Hot  DOB/CPUOGMEC <
© lce COz hydrate test . - S
£ |JUSA (Alaska o0 o - 00-m Cf?rgm?_rcxaf-scafe o
| - '
S North Slope) DOE/BP:  Long-term o 0" o
: Mt. Elbert:  production test; Q
China (Tibetan Plateau) ; ' Q
- o
= [|IODP Exp 311: =
L2 =| ODPleg164: vancouver Margin: )
E T Blake Ridge P i Q
QN0 o : PAObservatory w
& < R Y N :
28 ODP Leg 204: Observatory
- Hydrate Ridge :
O : :
1 I I 1 1
1990 2000 2010 2020 2030 2040



Meilensteine in der Gashydrat-Exploration GEOMAR -
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science for a changing workd

North Slope, Alaska
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Meilensteine in der Gashydrat-Exploration GEOMAR
Riserless Drilling Riser Drilling Mission-Specific
JOIDES Resolution Chikyu Ship of opportunity

. Also seafloor rigs
' MeBo

(Meeresboden
Bohrgerét)

photo: V. Diekamp, MARUM

Drilling mud
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Kommerzielle Nutzung von Gas Hydraten GEOMAR

Konzeptionelles “Gas Hydrat Petroleum System”
(&hnlich zu anderen fossilen Brennstoffen)

Gas hydrate Stability conditions (phase boundary)

Gas Source (biogenic / thermogenic)
Gas Migration pathways

Availability of water
Reservoir - Sediment (depositional environment)

Timing (sedimentation rates / tectonics / faulting)

Konzept zum ersten mal beschrieben bei Collett et al., 2009 — AAPG book
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Kommerzielle Nutzung von Gas Hydraten GEOMAR

Gas Hydrate Resource Pyramid

In Arctic Sands + IF

In Arctic Sands No |F

In Marine Sands (GoM)

In Marine Sands (At'Pac)

In Hon-Sand Marine Facies

Sand dominated —
hydrate reservoirs

Fractured hydrate/v

reservoirs

Clay dominated /

hydrate reservoirs

Economic value

In Hon-Permeable
Marine Facies

After Boswell and Collett, 2006 (IF = infrastructure)
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Kommerzielle Nutzung von Gas Hydraten GEOMAR

Die drei Grundkonzepte, um Gas Hydrat zu fordern

Thermische Stimulation Druck-Minderung Chemische Inhibitoren
'VOO }{ou SEDIMENT | E |
(o] o] o Lo} () OO
? e o ° o (o) °° o é
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Source: World Ocean Review-3, Abb. 3.8 - Seite 105, https://worldoceanreview.com/en/wor-3/methane-hydrate/extraction/

HELMHOLTZ




Q

Kommerzielle Nutzung von Gas Hydraten GEOMAR -

Ay

seb ren/pim/Bi1o eipadiim us//:sdny

Mallik — Canada/Japan/US/Germany
2002 Thermal Stimulation
Borehole pressure drawn-down (MDT)

als aelp

2007/2008

Pressure draw-down
~2,000 m?3 pro Tag

Groftes Problem: Sand!

Japan - Nankai Trough
Marz 2013 (6 Tage) ~20,000 m3 pro Tag

April 2017 (~3 Wochen) AL
200,000 m3in 24 Tagen - < 20,000 m3 pro Tag #¥eA
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Kommerzielle Nutzung von Gas Hydraten GEOMAR

Mnt. Albert — Alaska
Februar 2007

Stratigraphic test (MDT)

Special Issue in J. Marine Petrol. Geology:
https://www.sciencedirect.com/journal/marine-and-petroleum-geology/vol/28/issue/2

By Se[e-a1IS-1S91-11a(|a-1W-Bu-||up-a1elpAy
-seb/sabrewieipaw/Aob sBsn mmmy/:sdny

China
Mai 2017 (South China Sea)

Pressure draw-down (60 Tage)
~16,000 m3 pro Tag

|wiy-d ereys/preq98.)

Y15/ 9PE/SMaU /W02 uIBo smauy/:sdny
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Kommerzielle Nutzung von Gas Hydraten GEOMAR

The next step - Regional assessments of resource potential

BOEM

Bureau or Ocean Enerey Manacement

Assessment of In-Place Gas Hydrate Resources of the
Lower 48 United States Outer Continental Shelf

US States

. US EEZ
US States |_ OCS Planning Area 0_30_ 60 120
[ Juseez
I:l OCS Planning Area
0 75 150 225 300
===, | Miles

US States
— USEEZ
| OCS Pianning Area

https://www.boem.gov/Gas-Hydrates-Resource-Assessment/

0 75 150 225 300
I e | |25
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Kommerzielle Nutzung von Gas Hydraten \&

Die Vision von CO,-neutraler Nutzung GEOMAR

Methane Hydrates Well

CO,-CH, Exchange in Natural
Gas Hydrate Reservoirs

Permafrost
protected
with chilled
drilling muds

Permafrost

Hydrates
Layer (arbon dioxide

exchanges with

‘ methane

Target
hydrate-saturated
sand

SUGAR-Projekt
Wallmann and Bialas, 2010 Alaska, Ignk-Sikumi well
Farrell et al., 2010
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Kommerzielle Nutzung von Gas Hydraten

Die Vision von CO,-neutraler Nutzung GEOMAR

Viele Studien, meist theoretischer oder Labor-technischer Natur
sind zum Thema vorhanden ...

Aber bisher nicht in der GrofRenordnung umsetzbar, das es
kommerziell gewinnbringend ist

Eine kleine Auswahl:
Deusner, C., Bigalke, N., Kossel, E., Haeckel, M., 2012. Methane Production from gas hydrate deposits through injection of supercritical CO2,
Energies, 5, 2112-2140, doi:10.3390/en.5072112.

Goel, N. In situ methane hydrate dissociation with carbon dioxide sequestration: Current knowledge and issues. J. Petrol Sci. Eng. 2006, 51, 169-184.

Lee, H., Seo, Y., Seo, Y.T., Moudrakovski, I.L., Ripmeester, J.A., 2003. Recovering methane from solid methane hydrate with carbon dioxide. Angew.
Chem. Int. Ed., 42, 5048-5051.

Ohgaki, K., Takano, K., Moritoki, M., 1994. Exploitation of CH4 Hydrates under the Nankai Trough in Combination with CO2 Storage. J. Chem. Eng.
Jpn., 20, 121-123.

Ota, M., Morohashi, K., Abe, Y., Watanabe, M., Smith, R.L., Inomata, H., 2005. Replacement of CH4 in the hydrate by use of liquid CO2. Energy
Convers. Manag., 46, 1680-1691.

Uchida, T., Ikeda, I.Y., Takeya, S., Kamata, Y., Ohmura, R., Nagao, J., Zatsepina, O.Y., Buffett, B.A.,2005. Kinetics and stability of CH4-CO2 mixed
gas hydrates during formation and long-term storage. Chem Phys Chem, 6, 646—654.
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Zusammenfassung GEOMAR

= Weltweit sind natiirliche Vorkommen an Gas Hdraten dokumentiert

» Geophysikalische Methoden zur Reservoir Charakterisierung sind etabliert
(vor allem Seismische und Bohrloch-Geophysikalische Methoden)

» Erfahrungen durch akademische (ODP/IODP) und kommerzielle Projekte,
in Japan, Indien, China, USA (Alaska, GoM), Kanada, und Korea

» Mehrere Produktionstests erfolgreich, aber Produktion noch nicht 6konomisch
(zu geringe Fordermengen bei hohem finanziellen Aufwand und Umwelt-
Risiko, sowie weltweitem Angebot an LNG)

= CO2-neutrale Umsetzung der Gas Hydrat Produktion als Zukunftsvision
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Zusatzliche natzliche links:
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https://worldoceanreview.com/en/wor-3/methane-hydrate/

UNEP-Program Reports:

Volume 1: https://www.netl.doe.gov/File%20Library/Research/Oil-Gas/methane%20hydrates/gas-hydrate-global-assessment-volume-1.pdf

Volume 2: https://www.netl.doe.gov/File%20Library/Research/Oil-Gas/methane%20hydrates/gas-hydrate-global-assessment-volume-2.pdf
Summary: https://www.netl.doe.gov/File%20Library/Research/Oil-Gas/methane%20hydrates/gas-hydrate-global-assessment-executive-summary. pdf

https://www.boem.gov/Gas-Hydrates-Resource-Assessment/
https://www.netl.doe.gov/research/oil-and-gas/methane-hydrates
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Zusatzliche nutzliche links:
World-Ocean Review
https://worldoceanreview.com/en/wor-3/methane-hydrate/

UNEP-Program Reports:

Volume 1: https://www.netl.doe.gov/File%20Library/Research/Oil-Gas/methane%?20hydrates/gas-hydrate-global-assessment-volume-1.pdf

Volume 2: https://www.netl.doe.gov/File%20Library/Research/Oil-Gas/methane%?20hydrates/gas-hydrate-global-assessment-volume-2.pdf
Summary: https://www.netl.doe.gov/File%20Library/Research/Oil-Gas/methane%?20hydrates/gas-hydrate-global-assessment-executive-summary. pdf

Books published on energy & gas Hydrates:

Canadian Assessment

http://www.scienceadvice.ca/en/feature/gas-hydrates.aspx
http://www.scienceadvice.ca/uploads/eng/assessments%20and%20publications%20and%20news%20releases/hydrates/(2008-
11-05)%20report%200n%20gh.pdf

US-NETL assessment
https://www.nap.edu/cataloq/12831/realizing-the-energy-potential-of-methane-hydrate-for-the-united-states
(Click on download free pdf)

https://www.boem.gov/Gas-Hydrates-Resource-Assessment/
https://www.netl.doe.gov/research/oil-and-gas/methane-hydrates
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