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Base Program:Base Program:
Gas HydratesGas Hydrates

Accelerated Research Initiative (ARI)Accelerated Research Initiative (ARI)

MultiMulti--Division EffortDivision Effort
Geology/GeophysicsGeology/Geophysics
ChemistryChemistry
Material SciencesMaterial Sciences

Field Studies based on Field Studies based on 
DeepDeep--Tow MCS & Tow MCS & 
Geochemical samplesGeochemical samples
Numerical simulations to Numerical simulations to 
Develop Predictive Develop Predictive 
CapabilitiesCapabilities
In the 4In the 4thth year of 5 year year of 5 year 
project.project.
A follow on ARI in FY05A follow on ARI in FY05

Hydrates ARIHydrates ARI
Why is the Navy Interested?Why is the Navy Interested?

Slope Stability IssuesSlope Stability Issues
Bottom Mounted Bottom Mounted 
SystemsSystems
Cables, PipelinesCables, Pipelines

Geoacoustic Geoacoustic IssuesIssues
Reverberation (Active Reverberation (Active 
ASW ASW SonarsSonars))
False Targets (Passive False Targets (Passive 
ASW ASW SonarsSonars))
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Why is  Methane Hydrate Important?Why is  Methane Hydrate Important?
Methane hydrate may act as a 

pressure and temperature 
sensitive cement, resulting in 

slope failure in times of sealevel 
fall or bottom water temperature 

increase.

Head walls of slope failures on the 
U.S. East coast coincide with the 
intersection of the base of hydrate 

stability with the seafloor.
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Even small amounts of hydrate can alter sediment P & S velocities
(computed via time average after Wood et al., 1994) enough to significantly
increase reflectivity at small grazing angles.
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ObjectiveObjective
Hydrates ARIHydrates ARI

Develop quantitative numerical models to Develop quantitative numerical models to 
predict the impact of gas hydrate dynamics predict the impact of gas hydrate dynamics 
on the geoacoustic and geotechnical on the geoacoustic and geotechnical 
properties of marine sediments.properties of marine sediments.

Hydrates ARI Hydrates ARI 
ApproachApproach

Exploit unique NRL instrumentation Exploit unique NRL instrumentation 
including deepincluding deep--tow multichannel seismic tow multichannel seismic 
(DTAGS), Trace Element Accelerator Mass (DTAGS), Trace Element Accelerator Mass 
Spectrometer (TEAMS), etc.Spectrometer (TEAMS), etc.
CoCo--locate samples (within ~2 m)locate samples (within ~2 m)
Use information gained to develop improved Use information gained to develop improved 
understanding and predictive capabilitiesunderstanding and predictive capabilities
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Canonical Experiment for the ARICanonical Experiment for the ARI

Chemistry & Materials ScienceChemistry & Materials Science
Hydrates Research at NRLHydrates Research at NRL
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Methane Sensor TechnologyMethane Sensor TechnologyMethane Sensor Technology

Seawater

CH4

membrane

In Situ Application of the In Situ Application of the 
Methane SensorMethane Sensor
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In Situ NMR ApplicationIn Situ NMR Application
NMR Logging Tool

System contains three magnets and an RF 
antenna. The system is pressed against the 
wall of a borehole. Arrows indicate the 
direction of the static magnetic field. 

Identification of Hydrates

Representation of NMR relaxation 
time distribution for fully water-
saturated rock, and for hydrate 
occupying the largest pores of the 
seam rock. 

Diagram provided by Peter Brewer (MBARI), Robert 
Kleinberg (Schlumberger-Doll Research), James Yesinowski 

(NRL)

Schematic diagram provided by Robert Kleinberg 
(Schlumberger-Doll)

Source and Fate of MethaneSource and Fate of Methane

Ocean Carbon 
Cycling

Sediment Carbon 
Cycling

Thermogenic 
Methane
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Two Dimensional Carbon Two Dimensional Carbon 
Isotope AnalysisIsotope Analysis
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Hydrate ContentHydrate Content

% Hydrocarbon composition
Sample ID C1 C2 C3 i - C4 C4 C5 C6

Haakon Mosby MV 99.5 0.1 0.1 0.1 0.1 0.0 0.1
Bush Hill White 72.1 11.5 13.1 2.4 1.0 0.0 0.0
Bush Hill Yellow 73.5 11.5 11.6 2.0 1.0 0.1 0.2
Green Canyon White 66.5 8.9 15.8 7.2 1.4 0.1 0.1
Green Canyon Yellow 69.5 8.6 15.2 5.4 1.2 0.0 0.0
Bush Hill 29.7 15.3 36.6 9.7 4.0 3.2 1.6

Evidence for
Structure H

Hydrate GasHydrate Gas δδ1313CC

δ13C
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Geology/GeophysicsGeology/Geophysics
Hydrates Research at NRLHydrates Research at NRL
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HelmholtzHelmholtz
ResonatorResonator
(220HZ(220HZ--1kHz)1kHz)

Instrument Pressure HousingInstrument Pressure Housing

ArrayArray

Armored CoaxialArmored Coaxial
Tow CableTow Cable

Depth/HeadingDepth/Heading
SensorSensor

TransponderTransponder
For LBL For LBL NavNav..

BSR

Seafloor

Geological
Faults
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““Bullseye Bullseye Vent” Core TransectVent” Core Transect
Cascadia Margin, CanadaCascadia Margin, Canada

Seismic “wipe out” zone
(related to gas hydrates)
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Bullseye Bullseye BlowupBlowup

Compressional 
Velocity 
Estimates:

Semblance panels are
used to estimate
average compressional
velocities.
As source & receiver
depths are not the
same, codes have
been developed to
account for vertical
offsets.
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Velocity -Depth for ~150 m Section on Cascadia Margin
(note significant lateral variability resolved with DTAGS data)

Gulf of Mexico Gulf of Mexico -- 20032003

Shallow water flowShallow water flow
JIPJIP
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Shallow Flow Sites Shallow Flow Sites -- Mars/Mars/UrsaUrsa

Shallow Flow Sites (cont.)Shallow Flow Sites (cont.)
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Atwater Valley Site

Keathly Canyon 195 Site
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Piston Core LocationsPiston Core Locations

Chart provide by Carolyn Rupple GTU

Keithley Canyon: Core 9
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Numerical SimulationsNumerical Simulations
of Processes Related toof Processes Related to

Hydrate Dissociation/GenerationHydrate Dissociation/Generation

Taking two approachesTaking two approaches
Finite element diffusion equation for largerFinite element diffusion equation for larger--scale scale 
simulation of fluid flow, heat transport.simulation of fluid flow, heat transport.
Lattice Gas approach to investigate fluid flow Lattice Gas approach to investigate fluid flow 
through complex media with multithrough complex media with multi--component component 
material.material.

Cascadia Vent Field WipeoutsCascadia Vent Field Wipeouts
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Computer SimulationComputer Simulation
Finite Element Finite Element –– SUTRASUTRA

Advantages:Advantages: well established industry standard, relatively easy to well established industry standard, relatively easy to 
useuse
Disadvantages:Disadvantages: Single nonSingle non--reactive constituent only; each quantity reactive constituent only; each quantity 
(e.g. heat, methane, etc.) must be modeled separately(e.g. heat, methane, etc.) must be modeled separately

Application to Cascadia Margin ObservationsApplication to Cascadia Margin Observations
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Lattice Gas SimulationsLattice Gas Simulations

MultiMulti--componentscomponents
Drive with heat, gravity, external biasDrive with heat, gravity, external bias
Miscible and/or immiscible propertiesMiscible and/or immiscible properties
Complex geometriesComplex geometries
Requires highRequires high--performance computer performance computer 
support.support.

Issues Addressed with Lattice Gas SimulationsIssues Addressed with Lattice Gas Simulations

Linearity of flow through faults.  What happens Linearity of flow through faults.  What happens 
when flow rates exceed Darcy’s Law?when flow rates exceed Darcy’s Law? This may This may 
be the situation in Cascadia Margin “wipebe the situation in Cascadia Margin “wipe--out” out” 
zones.zones.
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QuickTime™ and a YUV420 codec decompressor are needed to see this picture.

Flux Density (FD) of Light & Heavy Particles

Light Particles (Ma = 0.1)

FD of light particles FD of heavy particles
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Gas Hydrates ARIGas Hydrates ARI

Future DirectionsFuture Directions

New Hydrates ARI has been funded (begins New Hydrates ARI has been funded (begins 
FY05)FY05)

Focus on methane seepsFocus on methane seeps
MultidisciplinaryMultidisciplinary
Build on techniques developed during current Build on techniques developed during current 
project (especially acoustic navigation)project (especially acoustic navigation)
Add heatflow and microbiology componentsAdd heatflow and microbiology components


