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Studying the sediments at the base of gas hydrate stabllity is ideal for determining the seismic response to gas hydrate saturation. First, assuming gas migration to the shallow section, this
area Is more likely to have concentrated gas hydrate because it encompasses the zone in which upward moving buoyant gas transitions to form immobile gas hydrate deposits. Second, this
zone is interesting because these areas have the potential to show a hydrate filled zone and a gas filled zone within the same sediments. Third, the fundamental measurement within seismic
data is impedance contrasts between velocity*density layers. High saturation gas hydrates and free gas inhabit opposite ends of these measurements making the study of this zone ideal for
iInvestigating the seismic characteristics of gas hydrate and, hence, the investigation of other seismic attributes that may indicate gas hydrate fill.
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Amplitude Interpretation and Spectral Decomposition in Eastern GoM

- The gas hydrate seismic response is a “leading peak” thin bed similar to GC955 H. Essentially a phase reversal of
a thin bed gas response.

The “leading peak™ anomaly transitions to a “leading trough” across the zone of hydrocarbon accumulation at the BGHS. RGB blend of 20 Hz, 39 Hz, and 65 Hz narrow

- I band frequencies from Fourier transform shows abyssal channel fan deposits of consistent widths and thicknesses.
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Most Gas Hydrate Deposits are Seismic Thin Beds

The “leading peak” anomaly at GC955 (seismic not shown here) is a thin bed response... as are most typical gas signatures near
the BGHS
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Two approaches using spectral decomposition for thin bed time-frequency analysis
a) Wedge model to find frequency notches (constructive-destructive interference
curves) to determine thin bed thickness

b) Substitute first peak spectral frequency band with most constructive energy to
approximate tuning frequency

Is the Thickness of GC955 H Gas Hydrate Deposit
Predicted by Thin Bed Analysis?

Example Using the Wedge Model:

RGB blend of 20 Hz, 39 Hz, and 65 Hz narrow band frequencies from Fourier transform shows high frequency
dominance in the interpreted gas hydrate deposit and low frequency dominance in the gas leqg.

3D seismic cubes Enhanced Full stack in west. 20Hz, 39Hz, 65 Hz RGB
color blend in east. Top surfaces are time slices.

Amplitude spectra for the 75% gas hydrate saturation model
derived from the wedge model at GC 955 H.

Given Partyka (1999) that Pf = 1/t in which Pf is the period of
frequency notching and t equals thin bed thickness in two-way
travel time, then t= 1/0.031 = 32 ms TWT . The velocity
within gas hydrate saturated sands at GC955 H is
approximately 2600 m/s but the velocity of the non-gas
hydrate bearing portions of the sand is 1600 m/s. A mean
velocity through the entire 350 m sand, both the gas hydrate
saturated portion of the sand and the brine portion of the sand
Is ~1800 m/s The resulting thin bed thickness from the
spectral frequency model wedge is approximately 29 m which
Is consistent with the 30 m of ~75% saturation gas hydrate
sand that was logged at the well (McConnell et al, 2009).

What Other Seismic Attributes Help Detect High Saturation Gas

Modified from Zhang et al., 2012

Can Frequency-Derived Thin Bed
Thickness Suggest Hydrocarbon Fill??

Example Using the Observed Model:
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Spectral decomposition is primarily a tool to
determine thin bed thickness. Using it in that strict
way, the channel with gas hydrate is thinner in time
than the channel with no hydrocarbon charge and
the channel is thickest in time where is it gas filled.

One explanation is that gas hydrate deposition
creates thin layers that are detected in spectral
decomposition. Gas, on the other hand, will fill pore
space more uniformly than gas hydrate and will be
detected as a thicker layer in spectral
decomposition.

The substitution of velocities to the thin layer times
for gas hydrate, brine, and gas, however, result in a
channel of uniform thickness which is more likely.
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Hydrate in Sands?

Second derivative of the envelope shows the rate of the rate of change of total instantaneous energy. It will
show high energy thin layers within the seismic bandwidth.

Instantaneous Q is a post-stack frequency attribute that can show the decay of frequency that can be an
iIndicator of attenuation.

Instantaneous Q shows contiguous low values (attenuation) beneath both the gas hydrate and gas deposits.

Crossplots of high positive values of 2nd derivative of envelope and low values of Instantaneous Q correlate
to the gas hydrate deposits.

2nd derivative of the envelope at time slice through gas
hydrate and gas deposit
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