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Abstract

Gas Hydrates are widely distributed in the neafaserat high latitudes and many
ocean bottoms. Our laboratory measurements hilpata the seismic and well log data
that are used to ascertain the in situ distribubbmydrates. Ultrasonic velocities are
measured in unconsolidated sand specimen undenaberic conditions comparable to
those found in shallow oceanic or permafrost regiare. in the gas hydrate stability
zone. Compressional-wave (p-wave) velocity datdrynOttawa Sand samples subjected
to a confining pressure that from 2 to 20 MPa rafigen about 700 to 1500 m/s. Gas
hydrates were then formed a partially saturatecv@itsand sample. As expected, this
hydrate formation resulted in a dramatic increase-ivave velocities from 700 m/s in
the partially water saturated sample to 2100 m/thenhydrate-bearing specimen. The
hydrate effectively cements the sand such that himars after entering the hydrate
stability region, the recorded waveforms remain@shstant even as the confining
pressure was increased by more than 10 MPa.

I ntroduction

Gas hydrates are crystalline structures where @ewaork or ‘cage’ of water
contains a guest molecule. In most natural hydrateethane is contained within the
water frame. These materials form and are stahdeulow temperatures and elevated
pressures. The occurrence of natural hydrateglis spread in arctic regions and in deep
water sediments. Interest in hydrates is becommoge intense and they are perceived as
a resource; a geohazard; and potential contridotatimate change. Estimates suggest
that as a resource, the gas contained in naturdrates match surpass that in
conventional reservoirs. On the other hand, thmuwence of hydrates at or near the
ocean floor can destabilize structures such asugtamh platforms. In addition, another
concern is that if widespread destabilization ofidayes occurs, substantial amounts of
methane will be released, contributing to climdtarge.

The distribution and quantity of hydrates in plase usually made by a
combination of seismic, well log information. Howves, estimates of the total available
hydrates vary enormously depending on how one prees the hydrate signature in
seismic data. For example, Figure 1 shows a seisedtion complicated by the presence
of both hydrates and free gas. Well logs (Figurgp@e a similar problem, since the
measured response depends on the location and &dliie hydrate within the sediment.
As a result, laboratory measurements are requechlibrate the remote geophysical
measurements. Natural gas hydrate-cores are ras#ly,cheterogeneous, and almost
always show some degree of damage. As an alteenatdiments containing laboratory-
formed gas hydrates are often used to provideredidn data for well-logs and seismic.
There are a number of different ways to form gadréig in sediment, and each
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laboratory generally has its preferred technigi¢ynfiman & Dallimore, 2001). Gas
Hydrate occurrences are indicated by an increabetimsonic velocity and resistivity.

Previous work has shown that the method of hydi@at®ation tends to control
the hydrate distribution within the sample, whiahpacts the physical properties of the
sample. To date, however, no comprehensive tebisgoeen conducted within a single
experimental apparatus that would allow a quantgatomparison between the different
hydrate formation techniques, and show the diffeesnin the resulting hydrate
distributions, as well as how those differences ifeah themselves as bulk physical
properties. The objective of this project was tostouct an apparatus that allows us to
investigate the effect on gas hydrate formatiorh@e@on ultrasonic velocities.

Site NGHP-01-21

Two Way Travel Time [sec]
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Figure 1. Seismic line crossing drill Site NGHP-01- 2Co{lett et al., 2008). The
reflection is complicated due both to the potergigsence of hydrate as well as free gas.
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Figure 2: Sonic and Resistivity Log recorded at the JPEXJONGNC Mallik 2L-38 Gas
Hydrate Research Well, Mackenzie Delta, Northwestifories, Canada (Modified after
Hyndman & Dallimore, 2001).
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Experimental Configuration

We designed and built an experimental setup thatldvallow us to measure p-
wave velocities in sediments during gas hydratenédion and dissociation under in situ
conditions. The setup consists of a temperaturéraited pressure vessel filled with
hydraulic oil which confines an instrumented santpider. A maximum pressure of 20
MPa can be applied to the sample at temperatutagebe 25°C and -5°C. As can be seen
in Figure 3, the sample is sandwiched between m gdacylindrical end caps and is
jacketed with flexible Tygon tubing. Ultrasonic nsmlucers made of 100 kHz
piezoelectric crystals are mounted on top of theé eaps to generate and record the
compression wave signal. The end caps have a daroét(25.40+0.02) mm and are
made of polyaryletheretherketone (PEEK). Often,amnend caps are used to hold the
ultrasonic transducers. However, Zimmer et al. {30§6howed that the use of plastic
transducer plates improves the impedance matclatwelen transducer and sample when
unconsolidated sand samples are measured. A hitdgequlse is utilized to excite one
transducer and the velocity of the transmitted gidscalculated by picking first arrivals
from the recorded waveforms that are displayedhenatscilloscopeBoth end caps also
contain ports that enable fluid circulation througle sample and pore-pressure control.
The end caps and sand sample are incased in bléigacket to isolate the sample from
the confining fluid. Thermocouples are placed migtshe sample holder to monitor the
sample temperature with an accuracy of +0.5°C.hHeuantore, linear potentiometers are
attached to top and bottom end caps to measuregeban length (x0.2 mm) when the
sample is subjected to pore and confining pres®nessure is controlled by an external
ISCO pump with an accuracy of +1.5 %.
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Figure 3: Instrumented Sample Holder Setup
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In the current configuration (Figure 4), methaneingcted into the sand sample to

provide the desired pore pressure. Methane flovomdrolled through a gas regulator and

is monitored using a pressure transducer with eor ef £0.2%. The insulated vessel is

cooled by circulating ethylene glycol from a coglibath. Sample temperatures and pore
pressures are digitized and stored in a computarfasction of time.
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Figure 4: Experimental Setup for Ultrasonic Velocity Measuents on gas hydrate-
bearing sediments.

Sample Preparation and M easur ements

Dry Ottawa Sand

In an attempt to make measurements from differezdearch facilities
comparable, hydrate-researching institutes sucth@dJSGS in Woods Hole, LBNL,
GeorgiaTech as well as the CSM Center for Rock Abagreed on exclusively using
Ottawa Sand Type F110 when forming gas hydrateihg specimen in the laboratory.
This type of Ottawa Sand is mainly composed of qué¥99%) and has a density of
2650 kg/ni. Figure 5 shows micro-X-Ray CT images obtainedrgfand partially water-
saturated Ottawa Sand F110. Each prepared sandngpesample is approximately
(25.40+0.02) mm in diameter, but have variable fenghe length of each specimen was
measured with a digital caliper and is given in[€&h An amount of Ottawa sand was
filled into the sample holder, and compacted bydhasing a Teflon tamping stick. The
porosity of each specimen was calculated from dgiers of each sample, its mass and
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the sand density. The prepared samples were plastde the pressure vessel and
subjected to the respective confining pressure ewliile pore pressure remained at
atmospheric conditions. Sample 1 was tested umdegasing confining pressure at 1, 2,
3, 4, 5, 10, 15, and 20 MPa, whereas Sample 2 andrd first subjected to an initial
confining pressure of 20 MPa, which was then desg@ancrementally.

Figureb5: a) dry and b) partially water saturated OttawadSaticro X-Ray CT)

Table 1: Properties of Sample Preparation and Specimen

Sample Length (mm)| Mass (Q) | diniiar | Layers | Compaction
SMPL_1 |69.6+0.23 54.0+0.1 |0.42 |8 60x1 s/layer
SMPL_2 | 36.3+0.64 30.0£0.1 |0.39 |10 9041 s/layer
SMPL_4 | 37.2+0.27 30.0£0.1 |0.40 |10 901 s/layer

Methane-Hydrate-Bearing Ottawa Sand

To prepare the partially water-saturated sand san9d wt% Ottawa Sand F110
and 7 wt% distilled water were mixed thoroughlyaimplastic bag. The total mass of the
sample and its length were measured as (35.74+(gl@nd (42.60+0.08) mm,
respectively, which results in an initial porostal42% and an initial water saturation
(fraction of pore space occupied with water) of @kie7.5 %. After the sample assembly
was placed inside the pressure vessel, the teroperatff the system is lowered
employing the external cooling system. It takesuabt8 hours to cool the heavy, oil-
filled steel vessel down to the designated tempezatof about 2.5- 3.0 °C. After the
temperature stabilized, a confining pressure of BaMwvas applied to the sample.
Afterward the methane was injected into the saraple the pore pressure is raised to 1
MPa below the confining pressure. Then, both camfinand pore pressure were
increased by 1 MPa and held constant for aboutcam to allow injection of methane
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gas. The pore pressure at that point was justwoéi@ methane hydrate equilibrium
pressure, which at 2.5 °C has a value of aboutv?a (Figure 6). Once the sample
temperature returned to its designated value, omfiand pore pressure are further
increased to 10 MPa and 7.5 MPa, respectivelyhafal constant. Ultrasonic waveforms
are recorded every hour until the no more obvidwnges in the waveforms occur. The
confining pressure is then increased to about 2@,MRer that incrementally decreased,
and waveforms are recorded after every incremeht\Pa.
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Figure 6: Phase diagram for methane hydrate (modified &ftean & Koh, 2008)

Results

Dry Ottawa Sand

Figure 7 shows typical waveforms obtained for tmg @ttawa Sand samples
measured under confining pressure. The p-wave wMe®avere calculated by picking
first arrivals from the recorded pulse-transmissgignals and are listed in Table 2.
Figure 8 shows our measured p-wave velocities &gnetion of confining pressure
alongside literature values. All data points degcivere collected for Ottawa Sand
samples of similar initial porosities. Differencae small, and the variations among the
results may be attributed to differences in sedinpgoperties (grain size distribution,
composition) or experimental settings (measurerfregtiency, etc.).

Methane-Hydrate-Bearing Ottawa Sand

Methane development is time-dependent, and waveafairange as a function of
time.  After about 25 minutes after the gas hydrstability curve was surpassed
noticeable changes occur in the waveform. Formatiomydrate results in a decrease in
traveltime (increase in velocity) that is quite réfgcant. Figure 9 shows the p-wave
velocity increase with time and, most probably,hwitcreasing gas hydrate saturation.
The hydrate growth appears to stop after about@shevhich might indicate that either
all the water was converted into hydrate or thathiidrate growth blocked all the pores
near the gas inlet making the sample impermealde thns, preventing further hydrate
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formation. The latter explanation seems more likaty hydrate-plugging in sediment
cores is an often observed in other laboratorias pnoduce hydrate-bearing sediments
(Erik Spangenberg, Bill Waite, personal conversetjoAs can be seen in Figure 10, as
an additional confining pressure of 10 MPa is agptio further compress the sample, no
change can be observed in the waveforms. This @higvalso reflected in the minimal
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changes in sample length recorded as a functipnesiure (Figure 11).
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Figure7: Typical waveforms recorded for Ottawa Sand urderfining pressure

Table 2: Velocities calculated for Samples 1, 2, and 4

Sample Sample . Sample .
P[MPa | Vy[m/s] | P[MPa | V,[m/s] P [MPa | V,[m/s] P [MPa | V,[m/s]
2 72¢ 20 157¢ 2C 153z 10 128:
3 871 10 1417 19 152¢ 9 124¢
4 871 15 1277 18 151¢ 8 123¢
5 101¢ 4 1037 17 148: 7 1192
10 1241 3 98¢ 14 139¢ 6 1181
15 1467 1 77€ 13 134: 3 97¢
20 154( 0 714 11 130¢ 1 724
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SAMPLE 4: Dry Ottawa Sand F110
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Figure 8: P-wave velocity in Ottawa sand versus confiningspure

This indicates that the sample might entirely beeeted with methane hydrate and can
not undergo any further change in length undercthdining pressures applied. After the

measurements were completed, the sample was quieklyvered from the pressure

vessel and sample holder. Because of the fine gia® gas hydrates could not be

observed visually, but audible fizzing indicate@ thiresence of dissociating gas hydrate
in the sediment. Also, when part of the sand wdsmgused into water, gas bubbles
emerged from the sand, which collapsed soon adtéieahydrate fully decomposed.

Conclusons

Ultrasonic velocity measurements were performedryrand hydrate-bearing sand using
our newly constructed experimental setup. The testained for the dry Ottawa sand
samples agree with data found in literature. Methagdrate-bearing sediment was
successfully generated by pressurizing partiallyewaaturated Ottawa sand. The data
collected during the hydrate-formation process leixhia logarithmic increase in p-wave
velocity with time. Approximately nine hours aftan increase in velocity was first
observed, the waveforms remained unchanged indgétiat hydrate formation stopped.
Whether this behavior is due to full hydrate cosiar or hydrate blocking gas pathways
within the sand can not be answered with certaiRtgnned Micro-CT measurements
will help to interpret how gas hydrate content dmstribution relate to p-wave velocities.
In the next phase of the project, further ultrasooompressional- and shear-wave
measurement on gas hydrate-bearing sedimentsewitidde. We will measure a series of
hydrated Ottawa sand samples that will be formeadgusdifferent hydrate formation
techniques, e.g. bubbling gas through fully watdtisated samples, using
tetrahydrofuran (THF).



SAGEEP 2010 Keystone, Colorado http://www.eegs.org

2300

2100

1900

1700

1500

Velocity [m/s]

1300

1100

900

700

500
8:30 AM 9:42 AM 10:54 AM - 12:06 PM 1:18 PM 230 PM 342 PM 4:54 PM 6:06 PM 718 PM 8:30 PM
Time

Figure9: Gas hydrate formation: p-wave velocities versnet

0.009

0.007 4

-0.001 =5

-0.003

-0.005 +
0.00E+00 2.00E-05 400E-05 6.00E-05 8.00E-05 1.00E-04  1.20E-04 140E-04 1.60E-04 1.80E-04 2.00E-04
Time [s]

— P,=353 psi — P,=1848 psi  P,=1135 psi — P,=343 psi

Figure 10: Pressure independence of p-wave velocities imdtgecemented sand



SAGEEP 2010 Keystone, Colorado http://www.eegs.org

36 —_— 3500
Hydrates form 7!

3000

..
e Y
R
R ..

AR

0
1
+
i
35.8 i 1\
L)
1
i
i

s
o

Pressure [psi]

Sample Length [mm]
w w

=
o
-

353

x_e.._‘_:““_._. ot
= el E -

352 4
351 —
1

3 T T T T T T T
6:00 AM 10:00 AM 12:00 PM 2:00 PM 4:00 PM 6:00 PM 8:00 PM 10:00 PM

- 1.?#” |
=
et

— Differential Pressure  Pore Pressure — Confining Pressure — Sample Length

Figure 11: Sample length and pressures during the durafitimecexperiment

References

Collett, T., M. Reidel, J. Cochran, R. BoswellPiesley, P. Kumar, A. Sathe, A. Sethi,
M. Lall, V. Sibal, and the NGHP Expedition 01 Sdists (2008), Indian national gas
hydrate program expedition 01 initial reports: Ediien 01 of the Indian National Gas
Hydrate Program from Mumbai, India to Chennai, &dbites NGHP-01-01through
NGHP-01-21, April 2006 - August 2006, Directoratergral of Hydrocarbons, Ministry
of Petroleum and Natural Gas (India), Noida, India.

Hyndman, R.D., and Dallimore, S.R. (2001), Nat@abk Hydrate Studies in Canada, the
Recorde26, 11-20, Canadian Society of Exploration Geophgssci

Domenico, S.N., 1977, Elastic properties of uncbdated porous sand reservoirs:
Geophysics42, 1339-1368

Yin, H., 1992, Acoustic velocity and attenuationro€ks: Isotropy, intrinsic anisotropy,
and stress induced anisotropy: Ph.D. dissertaBtanford University.

Zimmer, M.A., M. Prasad, G. Mavkov, and A. Nur (200 Seismic velocities of
unconsolidated sand: Part 1 — Pressure trends@rbro 20 MPa, Geophysi@g, 1-13

Sloan, E.D., and C.A. Koh (2008), Clathrate HydsateNatural Gases'*Edition, CRC
Press, Boca Raton



