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Key points

1. The in situ effective permeabilities are 0.1 to 2.4
mD for hydrate-bearing pressure cores with over
80% hydrate saturation.

2. The intrinsic permeabilities are 12 to 41 mD.

3. The average K0 stress ratio of hydrate-bearing sandy
silt samples is about 0.44.
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• What is the porosity (n)? What is the hydrate saturation (Sh)?

• What is the water permeability (keff) in presence of hydrate? 

Before gas production

Motivation: characterize the effective permeability (keff)

keff?



4

During gas production

k0?

• What is the water permeability (k0) without presence of hydrate? 

Motivation: characterize the intrinsic permeability (k0)
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Motivation: characterize horizontal stress (σh) in the reservoir

• What is possible horizontal stress in the hydrate reservoir?
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6(Fang et al., AAPG Bulletin, in preparation) 

Three samples selected for analysis to 
represent the reservoir

Core 4FB8

n = ~ 0.38

Sh = 83%

Core 7FB3

n = ~ 0.39

Sh = 84%

Core 13FB1

n = ~ 0.39

Sh = 93%
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(a) Pressure Core Chamber and Mini-PCATS (b) Permeameter

Experimental Room

(Location: UT Pressure Core Center, JGB Basement)  

Cold Storage Room

Pressure Core Analysis 

and Transfer System

Equipment for cutting, transfer and measurement
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How are stress and permeability measured?

Uniaxial Compression
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Effective permeability of pressure core samples

Same grain size, 

Different hydrate saturation

4FB87FB3 13FB1

Same hydrate saturation,

Different grain size 
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10(Fang et al., AAPG Bulletin, in preparation) 

Same grain size, higher hydrate saturation results in lower 
effective permeability

Low Sh

High Sh



11(Fang et al., AAPG Bulletin, in preparation) 

Same hydrate saturation, larger grain size results 
in higher effective permeability

Smaller

grain size

Larger

grain size



12(Fang et al., AAPG Bulletin, in preparation) 

Effective permeability is in the range of 0.1 to 2.4 mD at in 
situ stress for core samples over 80% hydrate saturation



13(Fang et al., AAPG Bulletin, in preparation) 

Intrinsic permeability is about 20-fold larger than its 
effective permeability at in-situ effective stress
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Implication: GC 955 hydrate reservoir has moderate quality 
in comparison with other hydrate reservoirs.

(Fang et al., AAPG Bulletin, 2020) 



15(Fang et al., AAPG Bulletin, in preparation) 

Results: compression behavior

• In situ porosity is 0.38 to 0.40 
• About 1 to 2 unit porosity drop after hydrate dissociation

• Similar characteristic compression curve for all samples



16(Fang et al., AAPG Bulletin, in preparation) 

Results: K0 stress ratio of hydrate bearing sandy silts is 
between 0.4 and 0.5.
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𝜎′ℎ = 𝐾0 × 𝜎′𝑣

• Non-reservoir σ’h : GOM 

EI Mudrock 𝐾0 = ~ 0.7

• Reservoir σ’h : GOM2 

Sandy silt 𝐾0 = ~ 0.44

• Reservoir σ’h = 1.57 to 

1.71 MPa

In hydrate formation, the horizontal effective stress is lower than 
that of non-hydrate formation. 
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Key takeaways

1. The intrinsic permeabilities (12 to 41 mD) are identified by the
reconstitution analysis, suggesting a moderate reservoir
quality.

2. The in situ effective permeabilities (0.1 to 2.4 mD) of hydrate-
bearing siltstones in GC 955 gas hydrate reservoir, which is
sufficiently low for hydrate formation to be a hydraulic barrier.

3. Hydrate-saturated samples have a stress ratio less than 0.5,
resulting in a lower horizontal effective stress than the non-
hydrate formation.



19

Acknowledgement

DE-FE0023919: Deepwater Methane Hydrate Characterization

& Scientific Assessment

• Peter Flemings (UTIG & DGS)

• Stephen Phillips (UTIG)

• Hugh Daigle (UT-PGE)

• Kehua You (UTIG)

• Josh O’Connell (UTIG)

• Kevin Meazell (UT-DGS)



20

Bibliography

– Fang, Y., P.B. Flemings, H. Daigle, S. Phillips, K. Meazell, and K. You. 2020. Petrophysical Properties of the
Green Canyon Block 955 Hydrate Reservoir Inferred from Reconstituted Sediments: Implications for
Hydrate Formation and Production. AAPG Bulletin. V. 104, p. 1997-2028. DOI:10.1306/01062019165.

– Fang, Y., P.B. Flemings, S.C. Phillips, H. Daigle and K. You. 2020. Petrophysical properties of hydrate-bearing
siltstone from UT-GOM2-1 pressure cores. AAPG Annual Convention and Exhibition, Sept 29 – Oct 1st,
Online.

– Fang, Y., P.B. Flemings, H. Daigle, S. Phillips, and J. O'Connell. 2020. Transport Properties of Coarse-
Grained Methane Hydrate-Bearing Sediments in the Deepwater Gulf of Mexico. 2020 Gordon Research
Seminar on Gas Hydrate, Galveston, TX. Feb 23, 2020 (Invited Oral Presentation)

– Fang, Y., P.B. Flemings, H. Daigle, S. Phillips, K. Meazell, and K. You. 2019. Petrophysical properties of the
GC955 Gulf of Mexico hydrate reservoir inferred from reconstituted sediments: Implications for hydrate
formation. American Geophysical Union Fall Meeting in San Francisco, CA. December 9-13, 2019. (Oral
Presentation by Fang)

– Fang, Y., P.B. Flemings, H. Daigle, S. Phillips, K. Meazell, and K. You. 2019. Petrophysical properties of
hydrate reservoir at Green Canyon block 955 (GC955) in the northern Gulf of Mexico. 27th Hubbert
Quorum in USGS, Menlo Park, CA. December 8, 2019. (Poster Presentation by Fang)

– Fang, Y., P.B. Flemings, S.C. Phillips, H. Daigle, J. O’Connell, and P.J. Polito. 2018. Permeability, compression
behavior, and lateral stress ratio of hydrate-bearing siltstone from UT-GOM2-1 pressure core (GC 955-
northern Gulf of Mexico): Initial Results. American Geophysical Union Fall Meeting in Washington D.C.
December 10-14, 2018. (Poster Presentation by Fang)

– Fang, Y., Flemings, P.B., Daigle, H., O'Connell, J., Polito, P., (2018). Measure permeability of natural hydrate-
bearing sediments using K0 permeameter. Presented at Gordon Research Conference on Gas Hydrate,
Galveston, TX. Feb 24- Mar 02, 2018.



21

Thank you for your attention!

Any questions ?


