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ROCK PRHYSICS

How Is hydrate
embedded In
sediment?
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HYDRATE/SEDIMENT GRAIN-TO-GRAIN MORPHOLOGY MODELS
Model B:
Disseminated, Non-Load-Bearing

Model A:
Disseminated, Load-bearing

Model C:
Layered, Solid Phase

Model D:
Layered, Disseminated Phase
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MODEL-BASED V,, HOST SEDIMENT = SAND, PORQOSITY =0.37
Model A: Model B:
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Cgh =volume fraction of gas hydrate
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MODEL-BASED Vs, HOST SEDIMENT = SAND, POROSITY = 0.37

Model A: Model B:
Disseminated, Load-bearing Disseminated, Non-Load-Bearing
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Gaclogy Cgh Cgyh = volume fraction of gas hydrate Cgh QAd4573x



PETROPHYSICS

How much hydrate Is
In a target interval?
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WELL LOG CROSS-SECTION 9-10-11 (Remote)
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ARCHIE EQUATION
FOR DISPERSED HYDRATE

R=aR ¢ "S,'

Con = 17w 1
_q._| aR, ,-m

Cor = 1 - 7,

R = resistivity of rock (measured)
R, = resistivity of brine

¢ = porosity

S,, = water saturation

Cqyn = gas hydrate concentration

a = internal geometric parameter
m = cementation exponent
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RESISTIVITY BEHAVIOR: UNCONSOLIDATED SEDIMENT
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Wempe, 2000

Normalized resistivity, R/IRw

Loose sand
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Loose glass cubes
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Clay-rich sandstones
¥ Artifically cemented glass spheres
mm Hashin-Shtrikman Lower Bound
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RESISTIVITY BEHAVIOR: UNCONSOLIDATED SEDIMENT
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RESISTIVITY OF SEDIMENT, HYDRATE, BRINE MIXTURE

Hydrate fraction of pore space ( ¢ = 0.5)
0 0.2 0.4 0.6 0.8 1.0

R = 10° ohm-m

Ry=2x 10'2 ohm-m
| R,, (1): 45,000 ppm, 65°F
R,, (2): 32,000 ppm, 65°F
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10 Minimal brine,
few current paths
Brine surrounds grains,
many current paths Archie's Equation 1

(m=1.2,R,=0.17 ohm-m)
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5 | & (m=256,R, =0.23 ohm-m)

Resistivity of the mixture (ohm-m)

Hashin-Shtrikman
Lower Bound
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EFFECT OF CLAYS

MODIFIED ARCHIE EQUATION

) o Ra
R=a¢ n]QW(:I-_VCI)SWn-I_V_ISwn 11 n=2
o
V. = volume of clay

R, = resistivity of clay minerals
a = internal geometric factor (0.25-10)

m = cementation exponent (~2.5)

@ = porosity
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Depth below seafloor (ft)
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PREDICTED HYDRATE
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Depth below seafloor (ft)

CONCENTRATION,

Block GC 113
API No. 60-811-5012700
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RESISTIVITY MODEL: UNCONSOLIDATED
SEDIMENT AND DISPERSED HYDRATE

Mineral
grain

Hydrate
B Brine

Electrical
current




New approach needed. Archie equation and

RESISTIVITY OF GAS-
HYDRATE SYSTEMS

DISPERSED HYDRATE

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

LAYERED HYDRATE

Hashin-Shtrikman model do not apply
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WELL LOG CROSS-SECTION 4-1-2-3 (Remote)
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BLOCK GC 110
API No. 60-811-4007600
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BLOCK GC 153
API No. 60-811-4008400
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GEOPHYSICS

Can we iImprove
detection and
Imaging of hydrate?

Bureaw
of
EEEEEEE fe
Gealogy QAd5515 -ppt



COMPARISON OF PP IMAGES
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Production PP (12.5-m CDP) PP image (5-m spacing)
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SEAFLOOR IMAGING WITH AUTONOMOUS
UNDERWATER
VEHICLE (AUV)
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PRESTACK P-SV OBC AND CHIRP-SONAR DATA
BLOCK GC204, LINE 549

P-P Chirp Sonar (2-8 kHz)

P SV (90 Hz Rlcker)
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ACCURACY OF INTERVAL Vp (<1%7?)

Vp =1530 m/s Vp = 1540 m/s Vp = 1550 m/s

20 m 20 20"

__ 10" 10" 10"

£

;E;' 0- 0- 0

F 10- 10 - A 10"
20 - 20- ' 20"

-2000 0 2000 -2000 0 2000 -2000 0 2000
Offset (m) Offset (m) Offset (m)
20_Vp = 1560 m/s Vp =1570 m/s 20_Vp = 1580 m/s

__-10° 10 107§

0

E,. i

< 0 0 0

E

= 10 10 10 °p

20 'L (] (] : (] 20 T [ 1 20 = 1 1 1
-2000 0 2000 -2000 0 2000 -2000 0 2000
Offset (m) Offset (m) Offset (m)

uuuuu
F
Vb‘éumm QAd4757
Geology

QAd5515-ppt



MEASURING THE
RESOURCE

Seismic Rock physics
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CONCLUSIONS

 Progress Is being made

e Need more core-based
data

* Need more “complete”
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ENERGY 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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