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Methane gas hydrate phase stability:
pressure and temperature requirements
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Methane gas hydrate phase stability:
pressure and temperature requirements
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Using pin the field: Bottom Simulating Reflector (BSR)
Blake Rldge (offshore USA)
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Using pin the field: Bottom Simulating Reflector (BSR)
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Using pin the field: Bottom Simulating Reflector (BSR)

Vestnesa Ridge (offshore Svalbard)

gas accumulation

BSR can be harder to see where gas can escape
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Using pin the field: Alternative BSRs

Gulf of Mexico (offshore USA)
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Compressional Wave Velocity, V,
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Compressional Wave Velocity, V,
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Forming hydrate will increase V), in sediment
Forming gas will decrease V,, in sediment




Using V,, in the field: Finding regions of high V,
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V,, in the lab: identification of hydrate-bearing sediment
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Santamarina et al. (2015), Marine and Petroleum Geology
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Electrical resistivity, R
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Electrical resistivity, R
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Everything is an electrical insulator...
except the salty pore water




Electrical resistivity: mapping subsurface insulator distributions

Hikurangi Margin (offshore New Zealand)
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Electrical resistivity: mapping subsurface insulator distributions
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Electrical resistivity: mapping layers in a borehole
Gulf of Mexico (offshore USA)
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Boswell et al. (2012b) Marine and Petroleum Geology




Electrical resistivity: mapping layers in a borehole
Gulf of Mexico (offshore USA)
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Electrical resistivity: mapping hydrate in the laboratory

Gas hydrate being grown from
methane dissolved in circulating water
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What is the insulator? Gas or hydrate?
Hydrate Ridge (offshore USA)
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Resistivity + Velocity can distinguish between gas and hydrate
Hydrate Ridge (offshore USA)

resistivity (2m)

S
S
£
o
[
°

121P) 4

‘3° -

depth (m)
§ 8

g § &
g 8

velocity (m/s)

distance (m)

Weitemeyer et al. (2011), GJI




Resistivity + Velocity can distinguish between gas and hydrate
Hydrate Ridge (offshore USA)
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Resistivity + Velocity can distinguish between gas and hydrate
Hydrate Ridge (offshore USA)
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Resistivity + Velocity can distinguish between gas and hydrate
Hydrate Ridge (offshore USA)
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Using the BSR to guess the maximum hydrate depth
Blake Ridge (offshore USA)
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Seafloor temperature dependence on water depth

NGHP-02 results (2018)
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Seafloor temperature dependence on water depth

NGHP-02 results (2018)
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Seafloor temperature dependence on water depth

NGHP-02 results (2018)
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Geothermal gradient dependence on water depth
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Geothermal gradient dependence on water depth
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Geothermal gradient dependence on water depth
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Geothermal gradient dependence on water depth
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Geothermal gradient dependence on water depth
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Geothermal gradient dependence on water depth
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Geothermal gradient dependence on water depth
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Geothermal gradient dependence on water depth
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Using the BSR to guess the maximum hydrate depth
Blake Ridge (offshore USA)
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How precisely do we actually know the stability curve?
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How precisely do we actually know the stability curve?
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How precisely do we actually know the stability curve?
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How precisely do we actually know the stability curve?

' ¥ - Model choice alone
i can change BSR

depth by 30 m
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How precisely do we actually know the stability curve?
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How precisely do we actually know the stability curve?
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Nonlinear geothermal gradient: impact of sedimentation
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Sedimentation (adding cool sediment) can make the sediment column
cooler than expected, pushing the base of hydrate stability deeper.

Plaza-Faverola et al. (2017), JGR




How precisely do we actually know the stability curve?
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Hydrate stability curve: Tishchenko equation

(5.4979866 - 10%)

T
(2.04872879 - 10°)

T
(3.09796169 - 103)

T

In(P) = [—1.6444866 -10%3 —0.1374178 - T + + 2.64118188 - 102 - ln(T)] +

S [1.1178266 -10* + 7.67420344 - T — 4.515213 - 1073 - T? —

— 217246046 - 103 - ln(T)] +

52 [1.70484431 + 102 + 0.118594073 - T — 7.0581304 - 107> - T? — — 33.2031996 - ln(T)]

Tishchenko et al. (2005), Chemical Geology
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Hydrate stability curve: Tishchenko equation
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T = Temperature (K); S = Salinity (ppt)

Tishchenko et al. (2005), Chemical Geology




Hydrate stability curve: Tishchenko equation
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In() = [—1.6444866 -10%3 —0.1374178 - T + + 2.64118188 - 102 - ln(T)] +

S < [1.1178266 -10* + 7.67420344 - T — 4.515213 - 1073 - T2 —

— 217246046 - 103 - ln(T)] +

S [1.70484431 + 102 + 0.118594073 - T — 7.0581304 - 107> - T2 — — 33.2031996 - ln(T)]

T = Temperature (K); S = Salinity (ppt);

Tishchenko et al. (2005), Chemical Geology




Using the BSR to guess the maximum hydrate depth
Blake Ridge (offshore USA)
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Temperature —

Need:
« Bottom Water Temperature + Stability Curve

» Geothermal Gradient Max and Dillon (1998), J. Petroleum Geology




Using the BSR to guess the maximum hydrate depth
Vestnesa Ridge (offshore Svalbard
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Need:
« Bottom Water Temperature « Stability Curve
* Geothermal Gradient Plaza-Faverola et al. (2017), JGR




Using the BSR to guess the maximum hydrate depth
Vestnesa Ridge (offshore Svalbard)
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Need:

- Bottom Water Temperature « Appropriate Stability Curve

« Geothermal Gradient Plaza-Faverola et al. (2017), JGR
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Big Ideas: general approach, and finding gas hydrate

) \\@//
# To learn more, be willing to “fail” more.
Every outcome is a chance to learn!

Guess Test

very different from what you are not
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I To find things, use properties that are

Property 2 |

Correlations have real power (good and
bad). Make sure you understand the
process that connects your properties.

o

Property 1




