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- Arctic permafrost
- Marine sediments (> 500m deep)

* Availability of methane and water

* Formation: gas dissolved in water or
free gas phase

Water For laboratory experiments:
Molecules tetrahydrofuran hydrate
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Pore-Scale Hydrate Distribution
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Rock Physics Models
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Relaxation Time for 100 % THF Hvdrate
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Micro CT Imaging
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Room temperature 1°C
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Tetrahydrofuran (THF) Hydrate
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Micro CT Experimental Setup
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Micro CT Pressure Vessel

* Torlon pressure vessel (up to 5000 psi — 34.5 MPa)

* inner diameter: 8 mm, outer diameter: 12.7 mm (0.5 inches)

* Quartz sand (@ grain size: 1000 pm) and clay (bentonite) as host sediments
*  THF and water as hydrate-forming components

* Barium chloride added for density contrast (~¥12 wt%)

* Cooling~ 8 hours

* Resolution: 10 microns 10



Quartz With $,=80%

With Hydrate Without Hydrate




Quartz and Clay With $,=80%

With Hydrate Without Hydrate

Heterogeneity in hydrate and clay distribution
Clay moved by hydrate




Ultrasonic Velocity Measurements
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Velocities for Different Hydrate Saturations
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Effective Medium Models
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Iso-frame Model
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Conclusions

e Significant improvement of uCT image quality and
resolution = use different host sediments

* Hydrate distribution does not confirm one model

* Mixing of effective medium models: partially load
bearing, partially pore filling

* Clay causes heterogeneous hydrate saturation =2
clay moved during hydrate formation

* Link changes in elastic properties (from US velocities)
to their cause on the pore scale (from uCT imaging)



UCT Imaging Under Confining Pressure

Atmospheric pressure 2000 psi (13.8 MPa)
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THF hydrate
and ice
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Ultrasonic Velocities
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Micro CT Experimental Setup
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Ultrasonic Transducers

Ultrasonic transducers: P-wave only, 3 mm diameter
For use in Torlon pressure vessels
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MXCT Imaging Under Pressure

Pressure up to 5000 psi—34.5 MPa
Inner diameter: 14 mm, outer diameter: 25.4 mm (1 inch)
Plans to include pore pressure and confining pressure
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MXCT Imaging Under Pressure

atmospheric pressure 1500 psi

Observed grain damage and porosity reduction
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Quartz With $,=40%

1000 pm
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Status 15t Comps vs. 2" Comps

Resolution: ~70 pm

Cooling with dry ice for ~1 hour

Formation of samples outside of uCT machine
= ice & hydrate present, not distinguishable
Glass beads as host sediment

Resolution: ~10 um

Cooling for~8 hours

Hydrate formation in uCT machine

Just hydrate & residual brine, noice
Quartz sand (and clay) as host sediment
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Quartz With $,=80%

With Hydrate Without Hydrate
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Quartz and Clay With $,=80%

With Hydrate Without Hydrate
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Quartz and Clay With $,=80%

Heterogeneity in hydrate and clay distribution
Clay moved by hydrate




Quartz and Clay With $,=80%

With Hydrate Without Hydrate




Research Scope

* Properties of pure gas hydrate well understood
* Interaction of gas hydrate and sediment less so

* Elastic properties of gas hydrate bearing sediments
e.g. Waite, Priest, Spangenberg

* Imaging of gas-hydrate bearing sediments
e.g. Kerkar, Sell

 Combination of imaging and elastic properties:
e.g. Kneafsey & Nakagawa

* Pore-scale imaging & elastic properties > MY
NICHE
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Methane hydrate equilibrium curve
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Test Waveform on Bentheim Sandstone
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Sample Components

Component Density [g/cm?]
water 1.00

BaCls 3.84(4)
BaCls brine (12.3 wt%) 1.1

THF hydrate 0.97(0)
THF-water-BaClo mixture 1.00
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Types of Gas Hydrate Deposits

Estimated amount of methane stored in hydrates:

10%> to 108 m3 (STP)

(methane in conventional reservoirs: 4*1013 m3)

fArctic sandstone reservoirs

f Marine sandstone reservoirs

reservoirs with permeability

Non-sandstone marine
f (including fracture filling)

— Vent-site-related
massive hydrate

<4— Marine shales
no permeability

Collett and Boswell, 2006
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Measured Samples

S Host Sediment pnCT  Ultrasonic
40%  glass beads 2 1
40%  quartz sand 2 0
60%  glass beads 0 2
80%  glass beads 2 1
80%  quartz sand 2 0
80%  quartz sand with bentonite 1 0
100% glass beads 0 1
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Ultrasonic Velocity Measurements

I
Pulser ::g; oo To Vacuum Pump

Oscilloscope

E E Pore Pressure Fluid Line

G SN

H

Temperature Controllers

e
E —_ [T = [T
=3 -
8O E
2L « (o, O ™
o
z <l[dL [P >
& < > T o 8
> x £
Qo < 8 © g)
2 = 5° =
S — 5 s
. < i G o OEeEETE I:D
[,
.IIIIIIII..== ‘ . ' E :v: e

Temperature Bath Exchange Cylinder (H,O — THF)

- s ISCO Syringe Pumps + BaCl,

Confining Pressure Confining Pressure
Controller Transducer 46




Different Hydrate Saturations
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Effective Medium Models: P-Wave
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NMR Signals

from Pohl, Prasad, Batzle, submitted to Geophysical Prospecting
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