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Key Points

GC 955 Expedition in 2017
• International collaboration
• Test pressure core technology for material characterization

Geomechanical behavior
• Hydrates are visco-plastic materials
• Stress and compression are time-dependent

Water relative permeability (krw)
• Pressure cores show higher krw vs. synthetic samples
• Long-term storage causes hydrate dissolution and explains 

krw trends
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CH4 Hydrates = ~20% of Organic Carbon

Natural hydrates - deep sea water & permafrost 

UT 2017

UT 2023

After You et al. (2019)

Energy

NYtimes

Global warming
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Hydrates – What is Special?

Composite porous media
grains + water + gas + hydrate

Pressure core
in-situ sediment fabric

Conventional core
mousse-like texture

Pressure cores
needed for representative properties

• Measurements? → challenging (high pressure & low temperature)
• Typical models? → not realistic for hydrates
• Gas production? → complex THCM processes

sand

0.5 mm Lei et al. (2019)

gas
hydrate

water

THCM: thermo-hydro-chemo-mechanical
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UT-GOM2: Reservoir & Carbon Cycle
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Production - reservoir models Interpretation - microbial factory & transport
         - carbon cycle

Characterization: saturation, composition, age, texture, pore chemistry
Material behavior: permeability, compression, strength
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UT-GOM2-1 - 2017 Expedition

Green Canyon 955

Two GC955 AAPG volumes

Technology 

International collaboration
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GC 955 Science – International Effort

Pressure cores & depressurized samples sent to multiple institutions: 
Geomechanics, Petrophysics, Sedimentology, X-ray
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GC 955 Science – International Effort

UT Austin NETL Lamont

USGS

Ohio UNHOSU UW JAIST GaTech

+90 scientists have been co-authors of GOM2-1 publications
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Hydrate Reservoir at GC 955
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Gas Concentration & Composition at GC 955
Gas CompositionGas Concentration
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Pressure Cores: Coring→ Preparation→ Lab

sealing 
mechanism
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High pressure and low temperature – from sampling to testing 

Playback speed = 8x slower
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Pressure Cores: Coring→ Preparation→ Lab
High pressure and low temperature – from sampling to testing 

Pressure core
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High pressure and low temperature – from sampling to testing 

load cell 

specimen

plunger (internal)

Testing chamber → Petrophysical & Geomechanical Properties

Pressure Cores: Coring→ Preparation → Lab
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Hydrates: Geomechanical Behavior

• Hydrate-bearing sediments are stiffer than hydrate-free counterparts
• Sediments compress during dissociation at constant stress
• The uniaxial stress ratio (K0) is higher in hydrate sediments
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Hydrates Sediments: Visco-Plastic Behavior

σ’a at various strain rates
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Hydrates Sediments: Visco-Plastic Behavior

σ’a = constant
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Hydrates Sediments: Visco-Plastic Behavior

Pressure core

Hydrate-free

εr = 0

Hydrate-free 
(with stress hold)
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The hydrate-bearing sediment (pressure core) behaves visco-plastically:
• The pressure core compresses significantly during the stress holds.
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Hydrates Sediments: Visco-Plastic Behavior

The hydrate-bearing sediment (pressure core) behaves visco-plastically:
• The pressure core compresses significantly during the stress holds.
• The stress ratio K0 increases during stress holds.
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Hydrates Sediments: Visco-Plastic Behavior
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Hydrates Sediments: Visco-Plastic Behavior
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Hydrates Sediments: Visco-Plastic Behavior
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Hydrates Sediments: Visco-Plastic Behavior
Modeling Visco-Plastic Behavior

Hydrate and sediment share any applied external load 

∆σ ∆σ’ 
s ∆σh= +

Hydrate-bearing 
sediment

Sediment Hydrate (viscous)
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Hydrates Sediments: Visco-Plastic Behavior
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Visco-Plastic Behavior: Implications
High in-situ stressesSubmarine landslides

Hydrate glacier

After Mountjoy et al. (2014)

Depth

Hydrate

Hydrate

• Landslides can happen as a slow process (without hydrate dissociation)
• In-situ stresses in hydrate layers are isotropic
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Hydrates Sediments: Water Permeability
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Hydrates Sediments: Water Permeability

non-wetting
hydrate

wetting
hydrate

Natural samples (pressure cores)
Synthetic samples

𝑘𝑘𝑟𝑟𝑟𝑟 =
water effective

intrinsic

Relative permeability in pressure cores ≫ measured on synthetic samples

UT-GOM2-1 (Yoneda et al.)
UT-GOM2-1 (Fang et al.)
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Hydrate Dissolution to Avoid Fines Migration

• Hydrate dissolution experiment removes the hydrate without free gas. This avoids 
fines migration and provides closer estimates of the intrinsic permeability (kint)

𝑘𝑘𝑟𝑟𝑟𝑟 =
water effective
↓ intrinsic
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Hydrate Dissolution to Avoid Fines Migration

• Hydrate dissolution experiment removes the hydrate without free gas. This avoids 
fines migration and provides closer estimates of the intrinsic permeability (kint)

• After dissolution, the water relative permeability is still high.
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Hydrate Dissolution & Flow Channeling
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• Hydrate dissolution test revealed that the injection of methane-free water channelizes 
flow.

• This is evidenced by the CH4 concentration vs. flow rate trends.

Hydrate Dissolution → Flow Channeling
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• We modeled this process with an advection-diffusion model.

Hydrate Dissolution → Flow Channeling

flow rate

modeled 
CH4 concentration

CH4 concentration

Q (advection)

dissolution

Hydrate (kw = 0)
Hydrate-free 
porous media (kw = k0)

Hydrate Dissolution & Flow Channeling
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Hydrate Dissolution: Implications for 
Permeability

Immediately after coring After long-term storage

Grains
Hydrate

Grains

Hydrate
Dissolved hydrate

radius

Hydrate 
saturation

radius

Hydrate 
saturation

Natural
sample

U
nd

is
so

lv
ed

D
is

so
lv

ed

flow path

Long-term storage → Hydrate Dissolution → Flow Path → High permeability
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Hydrate Dissolution: Implications for 
Permeability

After long-term storage

U
nd

is
so

lv
ed

Long-term storage → Hydrate Dissolution → Flow Path → High permeability

Hydrate saturation, Sh

W
at

er
 re

la
tiv

e 
pe

rm
ea

bi
lit

y,
 k

rw

Natural samples
Synthetic samples

Flow Rate

Affected by hydrate dissolution

channelized 
flow

𝑘𝑘𝑟𝑟𝑟𝑟 =
↑ water effective

intrinsic



33

Key Points

GC 955 Expedition in 2017
• International collaboration
• Test pressure core technology for material characterization

Geomechanical behavior
• Hydrates are visco-plastic materials
• Stress and compression are time-dependent

Water relative permeability (krw)
• Pressure cores show higher krw vs. synthetic samples
• Long-term storage causes hydrate dissolution and explains 

krw trends
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