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Hydrate Structures
All 3 occur in Gulf of Mexico, with | and Il more common
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Phase Diagrams
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Methane vs. THF Hydrate

Pressure at phase transformation

Methane 10 -100 MPa for T = 4-30°C
THF 1 a n ~4 4 ° C (optimal stoichiometry)

Molt:%lper@

Q%

THF y@
Solubility y@ w% @
1“{':::13“9 fuIIy %’ X1O 2@

Diffusion Time ?
Methane 22 years for lengt @meter

THF Advantages for Laboratory Study: Structure Il hydrate-former,
completely miscible, hydrate formation at close to 1 atm and 0°C coorcial

“ We completely understand our system” Teehl)
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Hydrate Properties: Methane vs. THF

Property /l%e\ CH,4 hydrate THF hydrate

Heat capacity (J K-1 g'1) 207 @ 270K 207 @ 270K
Heat of dissociation (kJ } +338.7 @ 273 K +262.9 @ 273 K
Thermal conductivity (\A 0. 5 @ 270K 0.53 @ 250K
Thermal diffusivity (m” s 3 X 10 @ 270 K

Vol. strain liquid-to-solid @ 200K 156 x 10 @ 200 K
Thermal linear expansivity (K ) @ 200 K 52 x 10°° @ 200 K

Bulk Compressibility (Pa) j1 ' @273 K :% x10 ” ~14x10"" @ 273 K
Density (kg m* ) 273 K & 910 @273 K

Diff. coef. mwater(cm s-1) @ 149x10 0.56 x 10 @ 0.059 M
Strength hydrate + sand (M Pa) 10.5 for € [ 16.0 for € = 10-6 s-1
Vp (ms") ~3800 @ @ %j K 3665 @ 273 K
Cavity size (A) n/a 3 95 ~ 3.91
Guest size (A) n/a @ 4.36 6.3
Saturation (mole/mole) n/a x 10 0.07
Saturation (mL / L H20) n/a 3.5 1 x10°
Stoichiometric ratio n/a CPr8H20 C4Hg0O.17H20
Georgia |\
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Defining
Characteristics

Mechanical
(high/intermediate
strains)

Thermal []

Mechanical
(low strains)

Electrical I

Distribution

Georgia Tech JIP Characterization Matrix

Grain Size (microns)

Hydrate Cnncentr@(%] - Target values

EFFEC p CII"IfII"III"I =

ongltudln Iateral stre i
Elastic- F‘Iastl mn 9
@ ile strength[ -. @ b;ntercept}

Cnm% ngth @
Fanlure!stahl upes {Mu mb] @
Bulk moduli {sta @
Triaxial cumpactmn

Young's modulus @
Volume-Pressure cumpactiun ég
Thermal Conductivity @

Volume change during phase transfﬂrn&

P-wave velocities @

S-wave velocities @@

Bulk moduli (dynamic)

Electrical Resistivity

Real permittivity 200 MHz - 1.3 GHz (oedometer at low confinement)
Hydrate distribution (optical/visual--destructive of sample)

Pore filling vs. grain boundaries
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Mechanical Properties

Small Strain Large Strain
Deformation at contacts fabric changes
Stiffness ax @ decreases
Losses & low @ large - frictional
Volume Change% potentially large
Diagenetic effects entl aII in drained shear
Fabric ég'tant @ @ anges to critical state
S \ ;
Z/( /44 @ 4
Shear @{;
Modulus @
G R 2
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Medium Large \®
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Representative Soils

CLAY

(Kaolinite)

Dy, = 100 pum D, = 20 pnl/™~ Y Dg=141pum
Specific surface = < 0.1 m?/g | specific surface = 160 Specific surface =
Specific gravity = 2.65 Specific gravity = 2.08 (@ 10 to 20 m?/g

Specific gravity = 2.6

|
Georgia |

Tech ‘-|i
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Properties: Ordering by both grain size and specific surface



Laboratory Devices
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Oedometer cell and peripheral equipment
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Mechanical Properties
Isotropic Loading

ective isotropic pressure [MPa]
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(bulk modulus B)
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Volumetric strain, @\/

0.25

Constrains bulk moduli of soils after hydrate has formed & dissociated (100%) JIP 9/03



HPC
Mechanical Properties

Zero-Lateral Strain Loading
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Differences in non-recoverable strain after formation/dissociation of hydrate



Mechanical Properties

Stress-Strain Path

(Young’s modulus E)
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5- ‘-‘-‘-""hl-
0.5 MPa
44 .
0.03 MPa

Deviatoric stress [MPa]

0 001 002 003 004 005 0 @ 0.10 015 0.20
Axial strain iql strain
/&
) agn W
Sand + 50% hydrate Silica flour + 50% hydrate
Georgia Il'
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Mechanical Properties
Poisson Ratio

Lateral deformation, &

Vertical deformation, s@@

0.2

Poisson ratio greater than 0.5, as is common in dilatant soil
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Mechanical Properties

Young’s Modulus (E)
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Once hydrate has formed, high-strain elastic properties remain constant JIP 9/03



Mechanical Properties
Mohr-Coulomb failure criterion
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Mechanical Properties

Small strain: deformation can be related to seismic properties

and monitored by seismic es
/Bypica Qh Waveform

Beforg< \,' te formation

Amplitude

Time [ms]
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Mechanical Properties :
Shear Stiffness With 100% hydrate Sand
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Mechanical Properties

Loading and Unloading Cycles

Relevant for seafloor sampling
Silica flour
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Thermal Properties
Thermal conductivity
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Thermal Properties
Thermal conductivity (baseline)
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Thermal Properties

Thermal conductivity (with hydrate)
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Electrical Properties
Real Permittivity water-THF mixtures at 200MHz

Mass of THF
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Permittivity is a measure of the degree of polarizability of pore-filling fluid JIP 9/03



Electrical Properties

Real Permittivity
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Electrical Properties

Real Permittivity
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Electrical Properties
Conductivity
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Phase Transformation Studies
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DELETED SLIDES (LENSING)
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LPC

Process Monitoring ———
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SUMMARY

* Shown < 20% of results acquired to date
» Significant analysis req@d to place results in context
* Processes

— Hydrate ’tlon m@ g Svgaces

— Loading-un n cycles : n ehavior

— P-and S-waves r pha sform |O§Mab and possibly during
core recovery

— Lensing under specmc t@tory c @%

* Properties

— Mechanical: Hydrate-bearing se ts be cemented soils

(strength parameters, moduli, P- a @ve ) and ate impact is similar
at both large and small strains

— Electrical: Hydrate radically lowers both real%ny and conductivity

— Thermal: Hydrate increases pressure-depende conductivity
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