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SIMULATION OF NATURAL GAS PRODUCTION 
FROM SUBMARINE GAS HYDRATE DEPOSITS 
COMBINED WITH CO2 STORAGE

INTRODUCTION
In recent years, the interest in submarine gas hydrates as an 
energy source has increased around the globe. To   develop a 
sustainable hydrate-based energy supply system CO2 storage has 
to be coupled with methane production from hydrate deposits. 

SIMULATION

Figure 6: Simultaneous depressurization (Pwell  = 90 bars) and CO2 injection  
(10,000 STD m3/day @ 35°C) after 1 month; homogenous hydrate layer
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Figure 4: Natural hydrate deposits offshore South Korea (Ulleung Basin)

Figure 5: Single well depressurization to 30 bars
 a) initial, b) after 4 days, c) after 1 month and d) after 15 months

Figure 1: Natural methane hydrate deposits

Figure 3: Chart of the SUGAR project (www.sugar-projekt.de)

Lee et al., 2011; Bahk et al., 2011; Moridis et al., 2009; Kim et al., 20110 

Clays:  
φ: 0.5 
Ky: 10-15 m2 / 1 mD 
Kx: 2*10-15 m2 / 2 mD 
SGH: < 1 Vol% 
λ: 0.3 W/m/K 

Sands: 
φ: 0.3 
K:10-12 m2 / 1000 mD 
SGH : 40 Vol % 
λ: 1.3 W/m/K 

 
 
 
 

Quaternary turbidites, 
SGH: < 1 Vol% 

Quaternary  turbidites  
 Gas hydrates in sand-

dominated layers 

Quaternary  turbidites , 
Mass flow deposits 

Free gas/water in sand-
dominated layers 

135 mbsf 

Seafloor 

167 mbsf (BGHS) 

400 mbsf 

Water depth: 2153 m 
Salinity: 34 g/kg  
∆T: 0.2 °C + 112 °C/km  
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Figure 2: Stability curves of various gas hydrates
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A Global Inventory of Natural Gas Hydrate Occurrence science for a changing world

Thomas D. Lorenson and Keith A. Kvenvolden

Gas hydrate 
not stable

 Natural gas hydrate occurs worldwide in oceanic 
sediment of continental and insular slopes and rises of 
active and passive margins, in deep-water sediment of inland 
lakes and seas, and in polar sediment on both continents 
and continental shelves.  In aquatic sediment, where water 
depths exceed about 300 m and bottom water temperatures 
approach 0° C, gas hydrate is found at the seafloor to 
sediment depths of about 1,100 m.  In polar continental 
regions, gas hydrate can be present in sediment at depths 
between about 150 and 2000 m.  Thus, natural gas hydrate is 
restricted to the shallow geosphere where its presence 
affects the physical and chemical properties of near-surface 
sediment.  
 This updated global inventory reports on natural gas 
hydrate recovered from 39 places worldwide and includes 
116 places where the presence of gas hydrate has been 
inferred from geophysical, geochemical, and geological 
evidence.  The potential amount of methane in natural gas 
hydrate is enormous, with current estimates converging 
around about 10 exagrams (104 gigatons) of methane 
carbon.  This large reservoir of methane, located globally 
within 2000 m of the solid surface, is of major interest as a 
potential (1) energy resource, (2) factor in global climate 
change, and (3) geohazard.

LEGEND
CODE           LOCATION              DESCRIPTION

P2  Middle America Trench (Costa Rica) 
  DSDP Leg 84, Site 565   Inclusions in mud and muddy sand.
 ODP Leg 170, Site 1041   Disseminated and sheets
  
P4  Middle America Trench (Guatemala)  
  DSDP Leg 67, Site 497   Inclusion in sediment.
  Site 498    Cement in coarse vitric sand.
  DSDP Leg 84, Site 568   Inclusion in mudstone.
  Site 570    Laminated ash; massive core
  
P5  Middle America Trench (Mexico)  
  DSDP Leg 66, Site 490   Laminated ash and mud.
  Site 491    Inclusions in mud.
  Site 492    Laminated ash.

P7  Eel River Basin (California)  Layers, nodules in mud.

P8  Cascadia Basin (Oregon) 
  DSDP Leg 146, Site 892  Aggregates, layers in silt.
  Hydrate Ridge   Layers, massive in carbonate crust
  
P17  Okhotsk Sea (Russia) 
  Paramushir Island   Layers in ooze.

P18  Okhotsk Sea (Russia) 
  Sahkalin Island   Layers in silt and clay.

P20  Japan Sea (Japan) 
  ODP Leg 127, Site 796   Crystals in sand with clay.

P24  Nankai Trough (Japan) 
  ODP Leg 131, Site 808   Fragment in wash core.

P31  Peru-Chile Trench (Peru) 
  ODP Leg 112, Site 685   Fragments in mud.
  Site 688    Grains in mud.

A6  Gulf of Mexico (Texas and Louisiana)  
  DSDP Leg 96, Site 618   Nodules, crystals in mud.
  Green Canyon   Nodules, layers in rubble.
  Garden Banks   Nodules, layers in rubble.
  Mississippi Canyon   Pieces in coarse sediment.
  Bush Hill    Mounds at seafloor.

A8  Blake Ridge (Southeastern USA)   
  DSDP Leg 76, Site 533   Fragment in mud.
  ODP Leg 164, Site 994   Fragments in clay.
  Site 996    Nodules, veins in mud.
  Site 997    Massive core (~30 cm).

A15  Haakon-Mosby Mud Volcano 
  (Norway)    Inclusions and plates.

A18  Niger Delta (Nigeria)   Nodules, dispersed in clay.

O1  Black Sea (Russia)   Veinlets in silty clay.

O2  Caspian Sea (Russia)   Laminated in clayey silt.

O3  Lake Baikal (Russia)   Disseminated in sand, silt.

  Mediterranean Sea 
O4 Amsterdam Mud Volcano Not described.
O5 Kula Mud Volcano   Not described.

C2  Mackenzie Delta (Canada)  Dispersed in sand, gravel.

Recovered Gas
Hydrate Samples
(See Legend)

Inferred Gas
Hydrate Occurrence
Based on:
-BSRs
-Well Logs

Areas of Possible
Gas Hydrate
Occurrence 
In Russia

4sec.

5sec.

6sec.

7sec.

BSR = Bottom Simulating Re�ection

Marine Seismic Record from Blake Ridge,
O�shore Southeastern U.S.A.

Example BSR

Example of Gas Hydrate
Sea of Okhotsk 
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Reference for Surface of the Earth, 2 minute bathymetry/topography 
    image in Cylindrical Equidistant Projection: 
    NOAA, 1998, NOS Hydrographic Survey Data, US Coastal Waters: 
    Boulder, CO,  World Data Center for Marine Geology & Geophysics, 
    Data Announcement 00-MGG-05. 
    (Data available at http://www.ngdc.noaa.gov/mgg/�iers/00mgg05.html)

Reference for Generic Mapping Tools (GMT) software: 
    Wessel, P., and Smith, W. H. F., 1998, 
    New, improved version of Generic Mapping Tools released: 
    EOS Trans. Amer. Geophys. U., v. 79 (47), p. 579. 
    (Software available at 
        http://imina.soest.hawaii.edu/gmt/)
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