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ROCK PHYSICSROCK PHYSICS

How is hydrate 
embedded in 

sediment?
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Model C:
Layered, Solid Phase

Model D:
Layered, Disseminated Phase

Model A:
Disseminated, Load-bearing

Model B:
Disseminated, Non-Load-Bearing
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Model C:
Layered, Solid Phase
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Cgh = volume fraction of gas hydrate

Model D:
Layered, Disseminated Phase
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Model A:
Disseminated, Load-bearing
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Model B:
Disseminated, Non-Load-Bearing

MODELMODEL--BASED BASED VVpp, HOST SEDIMENT = SAND, POROSITY = 0.37, HOST SEDIMENT = SAND, POROSITY = 0.37
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cgh cgh QAd4573xCgh = volume fraction of gas hydrate

MODELMODEL--BASED VBASED Vss, HOST SEDIMENT = SAND, POROSITY = 0.37, HOST SEDIMENT = SAND, POROSITY = 0.37

Model C:
Layered, Solid Phase

Model D:
Layered, Disseminated Phase

Model A:
Disseminated, Load-bearing

Model B:
Disseminated, Non-Load-Bearing
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PETROPHYSICSPETROPHYSICS

How much hydrate is 
in a target interval?
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ARCHIE EQUATION ARCHIE EQUATION 
FOR DISPERSED HYDRATEFOR DISPERSED HYDRATE

R = resistivity of rock (measured)
Rw = resistivity of brine
φ = porosity
Sw = water saturation
cgh = gas hydrate concentration
a = internal geometric parameter
m = cementation exponent
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RESISTIVITY OF SEDIMENT, HYDRATE, BRINE MIXTURERESISTIVITY OF SEDIMENT, HYDRATE, BRINE MIXTURE
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EFFECT OF CLAYSEFFECT OF CLAYS
MODIFIED ARCHIE EQUATIONMODIFIED ARCHIE EQUATION

Rcl = resistivity of clay minerals
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α = internal geometric factor (0.25-10)

m = cementation exponent (~2.5)

φ = porosity

Vcl = volume of clay
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RESISTIVITY MODEL: UNCONSOLIDATED RESISTIVITY MODEL: UNCONSOLIDATED 
SEDIMENT AND DISPERSED HYDRATESEDIMENT AND DISPERSED HYDRATE
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RESISTIVITY OF GASRESISTIVITY OF GAS--
HYDRATE SYSTEMSHYDRATE SYSTEMS

DISPERSED HYDRATE

Option 1: Archie equation
Option 2: Hashin-Shtrikman bounds

LAYERED HYDRATE

New approach needed. Archie equation and 
Hashin-Shtrikman model do not apply
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GEOPHYSICSGEOPHYSICS

Can we improve 
detection and 

imaging of hydrate?
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SEAFLOOR IMAGING WITH AUTONOMOUS SEAFLOOR IMAGING WITH AUTONOMOUS 
UNDERWATER UNDERWATER 
VEHICLE (AUV)VEHICLE (AUV)
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MEASURING THE MEASURING THE 
RESOURCERESOURCE

Compare
Cgh (log) and 
Cgh (seismic)

Cgh (log)

Petrophysics Calibration

(Vp, Vs)

Iterate

Cgh (seismic)
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Cgh = 
Hydrate 
concentration

Seismic Rock physics



CONCLUSIONSCONCLUSIONS
• Progress is being made
• Need more core-based      

data
• Need more “complete”

log suites
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ENERGY POLICY ACT OF 2005ENERGY POLICY ACT OF 2005

Sec. 353. Gas Hydrate Production Incentive
(b) Suspension of Royalties

(3) Amount of Relief

…The maximum suspension volume shall be 
30 billion cubic feet of natural gas per lease.
Such relief shall be in addition to any other 
Royalty relief under any other provision….
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