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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 (k,,,)

* Pressure cores show higher k., vs. synthetic samples

* Long-term storage causes hydrate dissolution and explains
K., trends



CH, Hydrates = ~20% of Organic Carbon

Natural hydrates - deep sea water & permafrost
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Hydrates — What is Special?

Composite porous media Pressure cores
grains + water + gas + hydrate needed for representative properties

Pressure core Conventional core
P in-situ sediment fabric ~ mousse-like texture
0.5 mm R A 27 Lietal 2o19)
+t—>
 Measurements? — challenging (high pressure & low temperature)
« Typical models? — not realistic for hydrates
» Gas production? — complex THCM processes p

THCM: thermo-hydro-chemo-mechanical



UT-GOM2: Reservoir & Carbon Cycle

Reservoir System
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Production - reservoir models
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Thermogenic methane

Interpretation - microbial factory & transport
- carbon cycle

Characterization: saturation, composition, age, texture, pore chemistry
Material behavior: permeability, compression, strength



UT-GOM2-1 - 2017 Expedition

Green Canyon 955 Technology

Deepwater Drilling Vessel Helix Q4000
Location: Green Canyon 955, Gulf of Mexico
140 Miles South of Louisiana

(v
Gas Hydrates in

Green Canyon 955,
Deep-water Gulf of




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



GC 955 Science - International Effort

UT Austin
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+90 scientists have been co-authors of GOM2-1 publications



Hydrate Reservoir at GC 955
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Gas Concentration & Composition at GC 955
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Pressure Cores: Coring

High pressure and low temperature — from sampling to testing
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, % 3 \3‘ I mechanism
" e\ L
” h

(i

pressurized sample

sample

>

@ Playback speed = 8x slower
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Pressure Cores: Preparation

High pressure and low temperature — from sampling to testing

Ball valve
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Pressure Cores: Lab

High pressure and low temperature — from sampling to testing

specimen
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Testing chamber — Petrophysical & Geomechanical Properties 13



Hydrates: Geomechanical Behavior
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» Hydrate-bearing sediments are stiffer than hydrate-free counterparts
« Sediments compress during dissociation at constant stress
« The uniaxial stress ratio (K;) is higher in hydrate sediments
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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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The hydrate-bearing sediment (pressure core) behaves visco-plastically:

« The pressure core compresses significantly during the stress holds.
17



Hydrates Sediments: Visco-Plastic Behavior
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Lateral to axial effective stress ratio
KO

The hydrate-bearing sediment (pressure core) behaves visco-plastically:
« The pressure core compresses significantly during the stress holds.
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« The stress ratio K, increases during stress holds.
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Hydrates Sediments: Visco-Plastic Behavior
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The hydrate-bearing sediment is a viscoplastic medium:
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Hydrates Sediments: Visco-Plastic Behavior
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The hydrate-bearing sediment is a viscoplastic medium:
(A) The hydrate is load bearing 20



Hydrates Sediments: Visco-Plastic Behavior
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The hydrate-bearing sediment is a viscoplastic medium:
(B) Hydrate “flows” and re-distributes the load 2



Hydrates Sediments: Visco-Plastic Behavior

Modeling Visco-Plastic Behavior

AO’ S + Ach

Ao

Hydrate-bearing
sediment

Sediment Hydrate (viscous)

Hydrate and sediment share any applied external load
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Hydrates Sediments: Visco-Plastic Behavior
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Linear solid model (spring-dashpot) to predict compression and K, trends with time
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Visco-Plastic Behavior: Implications

Submarine landslides High in-situ stresses

Stress and Pressure
>

Hydrate glacier

seafloor

Hydrate

hydrate-bearing sediments
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« Landslides can happen as a slow process (without hydrate dissociation)
* In-situ stresses in hydrate layers are isotropic



Hydrates Sediments: Water Permeability

Production by pressure drawdown

water permeability controls
pressure propagation

Hydrate stability
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Hydrates Sediments: Water Permeability
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Hydrate Dissolution to Avoid Fines Migration

Brine with dissolved
methane

_

Methane-free brine
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 Hydrate dissolution experiment removes the hydrate without free gas. This avoids
fines migration and provides closer estimates of the intrinsic permeability (k;;)

27



Hydrate Dissolution to Avoid Fines Migration

10°
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fines migration and provides closer estimates of the intrinsic permeability (k;;)

I
» After dissolution, the water relative permeability is still high.
28



Hydrate Dissolution & Flow Channeling

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 CH, concentration vs. flow rate trends. 29



Hydrate Dissolution & Flow Channeling

Outlet methane concentration

Hydrate Dissolution — Flow Channeling
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We modeled this process with an advection-diffusion model.
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Hydrate Dissolution: Implications for
Permeability

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

Permeability

Water relative

Long-term storage — Hydrate Dissolution — Flow Path — High permeability
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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 (k,,,)

* Pressure cores show higher k., vs. synthetic samples

* Long-term storage causes hydrate dissolution and explains
K., trends

33
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