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Outline• Multifaceted project -Field and lab aspects
– Overview/Accomplishments

• Technological advances
– GHASTLI
– Ties to pressure coring

– Collaborations
– Finances
– Publications

• Physical properties
– Why do we measure them?

• Field programs
– Types of measurements
– Characterize sediment
– Determination of geologic controls - key
– Ground truth well logs
– Support for other shipboard studies

• Shore-based studies
– Grain-size analyses…

• Regional trends
• Relation to samples w/ IR anomalies
• Impotance for production testing

– GHASTLI (USGS)
• Samples containing natural gas hydrate
• Lab-formed gas hydrate

• Path forward
– Field - Challenge for pressure coring
– Lab
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Overview/Field Accomplishments
Supports DOE’s need for: samples…ground-truth tools…
         …testing production strategies
 USGS PP field program involvements:
•ODP Leg 164 (1995)
 First dedicated GH ODP leg
 PCS - Gas tool, no samples
•Mallik 2L (1998)
 Additional press. Coring dev
•Marion Dufresne - GOM (2002)
 Piston coring
•Mallik 5L (2002)
•NGHP-01 - India (2006)
 Press. core transfer
•Mt. Elbert - North Slope Alaska (2007)

Tested samples from: ODP Leg 204, 2005 JIP

• Quantify porous-media effect to study 
   geologic controls on gas hydrate occurrence 
• Ground truth well-log and other field results
• Provide formation properties for models
•Transfer of LN2 samples from USGS to NETL



Overview/Lab Accomplishments
Properties of sediment that 
contain NATURAL gas hydrate 
-a progression in technical capability
-Supports DOE’s need for: determining effect of natural
        gas hydrate on sediment properties…
          quantify properties at known experimental conditions

It is easier to perform measurements on frozen
  coarse-grained sediments. Gas hydrate 
  dissociates during recovery and transfer of those 
  samples into a testing device such as GHASTLI.

Evidence suggests that storage with pressurized
 methane reforms lost hydrate.

Samples related to field programs:
Mallik 2L and 5L (above)
NGHP-01 (India) (below)

Advances in pressure-core technology now
  provide a means to make measurements on 
  samples that have not been depressurized



Overview/Lab Accomplishments
Properties of laboratory-formed 
methane gas-hydrate-bearing sediment

-Supports DOE’s need for: characterizing hydrate in sediment 
           using remote techniques…input into models… 
           sediment properties under different GH formation and
           experimental conditions

GHASTLI

Acoustics

Triaxial 
shear 
strength

•Simulate natural formation mechanisms
  in the presence of free gas

•initially fully water saturated
•partially water saturated

•Expand hydrate formation technique to include 
 dissolved phase (next presentation)
  

•Formation mechanism influences measured 
results

•Effect of:
•pore contents on acoustic and strength properties
•grain size
•effective stress
•pore-pressure response



Collaborations/relationships
• IODP - Membr. Env. Protection & Safety

Panel

• GaTech
• Geotek, Ltd.
• Omni Laboratories
• WHOI
• NETL
• Univ. New Hampshire
• Scripps
• Oregon State Univ.
• Univ. Calgary
• Lawrence Berkely Nat. lab
• MBARI
• Geol. Survey Canada
• Schlumberger…



Finances

Fiscal Year Task DOE Net (K)

USGS 

Assessment 

Rate      (%)

USGS Total 

(Salary/OE)  

(net)

2004 GHASTLI 28 33 249

Geotechnical Testing (baseline 

Properties) 15

2005/2006 Laboratory Analysis of: 37 235

Pressurized Cores 21

Non-Pressurized Cores 52

Travel 6

2006/2007 India 145 38 278

Note: Relatively low USGS assessment rate
          Salaries paid by USGS



Publications (last 5 years)

Papers: 27 total (14 first authored)
Abstracts: 36 (17 first authored)
Note: This list does not duplicate those in the next presentation

Outreach
Expand and update existing:

Lab Websites
Databases



Field Studies



Reservoir and hydrate
characteristics

vary considerably and these
variations present a challenge

for predicting sediment
behavior;

It is difficult to form GH
“naturally” in the lab



It naturally occurs in many forms
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Goals of Field Physical
Properties Program

Determine numerous sediment characteristics to: 

•Better understand the interaction between host media and gas hydrate (porous media effect)
•Relate to geologic controls and stratigraphy

•Reservoir and seals
•Ground truth well-log and other field results
•Provide input to well logs
•Provide baseline measurements of porosity, grain size, densities… for models
•Correlate to other shipboard measurements (e.g., SMI)
•Provide estimates of other properties and behavior

•Without gas hydrate
•With intact gas hydrate
•During/after dissociation



Why is gas hydrate present at one
location and not another?

Is there a porous media effect?



Gas hydrate sand reservoirs Gas hydrate fracture reservoirs



Design Against 
Hazards



NGH doesn’t like to be
removed from in situ P-T
conditions.



Field Studies
NGHP-01

(India)



• Physical Properties Measurements
• Sedimentologic Descriptions
• Organic Geochemisty
• Inorganic Geochemistry
• Microbiology Studies

Teamwork - critical

JOIDES Resolution Shipboard Laboratories



Physical PropertiesWhole Rounds
Thermal Conductivity
MSCL
      Gamma density
      Vp
      Electrical Resistivity
      Magnetic Susceptibility
Split Cores
Contact electrical resistivity
Vp (double-spade technique)
Shear strengths
      Mini vane shear
      Torvane
      Pocket penetrometer
Index
      Water content
      Grain density
      Porosity
      Densities
      Vertical stress
Shore based studies
Grain size
Consol/triaxial/GHASTLI



Krishna-Godawari Basin
Site 15

BSR

Note

Note



Hole 15A

Note

Note



Krishna-Godawari Basin
Site 15

Core NGHP-01-15A-09X-04

From:
Sedimentology
Group



Sites 3, 5, 7, 10, 14

Note



Site 17

Andaman Islands – Site 17

Indian
Ocean

Andaman
Sea

Little Andaman Is.

Little Andaman
Island



Site 17 Hole A          3 Physical Property Behavior Units



Site 17 Hole A
Site 17 Hole A

Note

Note Note



Comparison of NGHP-01
to a less complicated 

physical properties

study at 
Mallik 2L well 

NWT



Field Studies
Mallik 2L well 

NWT
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Note
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Note
Note



Gas Hydrate “Reservoirs”

1. Clay dominated reservoirs

2. Sand dominated resevoirs

3. Fractured reservoirs



Lithologic control on GH:
Sites: 3, 5, 7, 14, 15, 16, 17, 19, 20 (9)

Combination reservoirs - 
Partial lithologic control:

Sites: 2, 4, 5, 6, 7, 8, 9, 11 (8)

Fracture conduits - 
No lithologic control:

Sites: 5, 10, 12, 13, 18, 19, 20, 21 (8)



Shore-based grain-size
analysis at WHOI
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IR Core Imaging



IR Core Imaging

NGHP Expedition 1
 Site 10 – Hole B
 Core 17-1

Gas Hydrate



Core NGHP-01-15A-09X-2

Sand

IR anomaly

Krishna-Godawari Basin
Site 15

BSR

6.6 cm





Field Studies
Mt. Elbert

North Slope Alaska

















Average properties within and
outside gas hydrate layers
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2005 JIP Gulf of Mexico



Lab Studies
GHASTLI



Goals of GHASTLI Studies
• Physical properties for:

– Understanding deformation behavior
• Geohazards, well-bore stability

– Gas hydrate formation mechanisms
• Relation to measured properties (acoustics…)

– Modeling parameters
• Remote determination of gas hydrate presence in the field

• Natural gas hydrate
– Important to test natural gas hydrate bearing sediment

samples because of the difficulty in making similar samples
within fine-grained sediment in a laboratory setting



How do we get
sediment samples

containing natural gas
hydrate back to the

laboratory for study?



From Mallik 2L-38 to GHASTLI

1 2 3

4
5

6



Conventional core recovery
• Gravity/piston coring, conventional drilling, PC

– Problems:
• Some or all of NGH will dissociate

– NGH preservation techniques
• Liquid nitrogen

– Not good for some test measurements
» (e.g., strength)
» Thermal cracking (GH loss)
» Textural/rate effects
» Tim Kneafsey’s imaging

• Pressure vessels
– Storage issues

» Gas type
» Pressure
» Temperature
» Transportation issues ($$$)



Preservation and Storage of Gas
Hydrate for Engineering Testing

Prevent
Self

Preservation?

Thermal
Fracturing?

Liquid
Nitrogen

Lower
Bound

Pressurization
From

Dissociation
Only

Probably
Won't

Prevent
Dissociation

Pressurize
with

an Inert
Gas

Probably
Won't

Prevent
Dissociation

Pressurize
with

non-Methane
GH-FormingGas

Isotopic
Composition

Upper
Bound

Pressurize
with

Methane

Pressure
Vessels

Storage

Plus “self-preservation” (Differences between Arctic & marine)



Pressure Core Recovery
• Preserves NGH better

– Considerations
• May cut a smaller sample
• Effectiveness may depend on sediment characteristics
• Best utilized if transferred and tested without depressurization
• Techniques and/or equipment were modified to improve recovery

after GOM JIP
• VG recover offshore India 2006
• Expense of transporting



Sample from GOM JIP in W.H.

Pressure core samples can now be shipped
by domestic air freight



Measurements at
In-Situ Pressure

• X-rays images
• Gamma density
• Acoustic
velocity

Thanks Peter Schultheiss/Geotek, Ltd. and Carlos Santamarina/GA Tech
for transferring core sections in Singapore post cruise



HYCINTH Storage Chambers



NGHP Expe 01 Site 10: 3D
X-ray images of fractured
gas hydrate occurrences

6.6 cm



Recent samples from NGHP-01 in W.H.

Shipping pressure core samples internationally is
involved and expensive



GHASTLI  Simulation



GHASTLI - Bridging the gap

Capabilities
•Overburden
•25 Mpa press.
•-3 to 25°C
•Acoustics
•Triaxial
strength
•Permeability
•Elec resistance

Main Strengths: 1. Ability to simulate natural conditions
   2. Versatility in testing proceduresMeasure properties of:

     Natural gas hydrate
     Lab-formed gas 

hydrate
Determine input props.
        for computer models
Understand effect of
       lab procedures 
       on results



GHASTLI Test Specimen

71 mm diam

140 mm height



Typical Lab Research Objectives
(NGH)

• Measure physical properties using GHASTLI
– Preserve natural gas hydrate in sediment

samples
– Test at in situ conditions
– Measure acoustic and strength properties
– Determine amount of gas hydrate present

• Relate amount of hydrate to properties
• Model acoustic behavior



Pore Contents Effect on Acoustics
• Pore contents (at

different times):
– Ice
– Gas hydrate
– Water
– Methane gas

• Vp decreased after:
– Ice melted
– Gas hydrate

dissociated



Mallik 2L-38 Acoustic Modeling Results



Triaxial strength results
for samples containing and 
without natural gas hydrate



NGHP-01 (India) GHASTLI Triaxial Tests



Natural gas hydrate samples
Comparison of Mallik to NGHP-01 (India)

It is easier to perform measurements on frozen
  coarse-grained sediments, although some gas 
  hydrate dissociates during recovery and transfer 
  of those samples into a testing device such as 
  GHASTLI.

Evidence suggests that storage with pressurized
 methane reforms lost hydrate.

Advances in pressure-core technology now
  provide a means to make measurements on 
  samples that have not been depressurized.
This is crucial for fine-grained marine 
  sediment.



• Consol stress has effect

• Grain size and porosity
affect the degree to
which GH increases Vp

• GH can double Vp

RECONSTITUTED SAMPLES
Pore content effect on Vp

Mallik sand (reconst)



Strength properties - lab GH



Some lab results from GHASTLI
• It is possible to recover, preserve, and measure physical properties of depressurized-

repressurized FROZEN sediment samples containing natural gas hydrate; but this is not ideal.
• It is much more difficult to test fine-grained sediment containing natural gas hydrate.
• Differences between natural and laboratory-formed methane hydrate.

– NGH from Mallik in the lab does not cement coarse grained sediment.
– Laboratory-formed methane gas hydrate, using excess gas, does cement sediment grains.

• Acoustic velocity and shear strength of sediment containing gas hydrate can vary widely,
depending on the amount of hydrate present and presence of gas in the void space.

• Grain size effects are significant
– Acoustic velocity
– Pore pressure effects during shear

• Testing NGH is important because laboratories can synthesize gas hydrate in sediment and
determine their properties, but perfectly simulating some natural hydrate-forming conditions is
difficult.



Summary

• The physical property program characterizes and quantifies properties of
sediment that is host to gas hydrate

• These measurements provide baseline corroboration for well logging,
lithostratigraphy, geochemistry, and other at-sea programs

• Physical property measurements are important to the design of production
and hazard mitigation programs

• Lithology may influence the occurrence of many but not all gas-hydrates
• It is important to determine properties of sediment containing natural gas

hydrate since laboratory methods to form gas hydrate in fine-grained
sediment do not yet adequately simulate complex natural hydrate structure

• It is critical that physical properties of hydrate-bearing sediment are
measured on samples that have never been depressurized under simulated
in situ effective stress conditions



Path Forward



Mt Elbert well, North Slope AK

Objective 1: Continue to provide
geologic expertise and measurements on 
hydrate-free host sediment as needed to design 
short (month to year) and long (50 year) term 
production wells

• Quantify porous-media effect and geologic controls
   for additional projects according to the new 5-year
    plan

• Continue to work with modelers and well designers to
   provide sediment properties needed to predict well
   behavior



Objective 2: Determine the effect of  laboratory-
formed gas hydrate on sediment physical 
properties as a function of hydrate saturation and 
effective stress

• Different sediment types
•Different gas hydrate formation techniques

• Acoustics
• Bulk and shear moduli
• Permeability
• Shear strength

In the past we’ve made gas hydrate using
bubble-phase gas

Now we’re trying to make gas hydrate
from the dissolved phase (next
presentation)

We’re also going to attempt to measure radial strain
during gas hydrate formation and dissociation as a means 
to determine volume change 



• Partner with existing pressure coring 
   systems and measuring devices
   GaTech’s  IPTC
•Determine properties needed by scientific 
 community and assist in delivery
•Geotek’s PCATS2

Univ. Southampton

Objective 3. Determine properties of recovered samples containing natural gas 
hydrate that have never been depressurized


