
made, high-pressure syringe assembly,
a known amount of water was added to
the methane. A powerful magnetic
stirrer mixed the mixture continuously. 

The temperature of the high-
pressure visual cell (Figure 2) was
lowered from 20°C to 4°C at a rate of
0.1°C/min.
A chiller was used to cool and heat
the cell at programmed rates with
proportional-integral-derivative (PID)
control. The pressure and temperature
in the cell were measured simultane-
ously using a digital pressure sensor
and thermocouple, respectively. 

Very short pulses from a solid-state
laser illuminated the high-pressure
sapphire hydrate cell. The high-
resolution digital imaging camera
was used to record the imaging events
while a high-speed computer was
used to control the system and to
collect and process data on pressure,
temperature, and time as well as the
images. Temperature and pressure
measurements were tracked in real
time and graphics software was used
to update and display temperature
and pressure data versus time, and
pressure versus temperature.

Hydrate formation and dissociation
were monitored in real time. As
shown in Figure 3, the onset of
hydrate formation occurred at 6.38°C.
The heating run started at 4.5°C and
continued at the same rate (0.1°C per
minute) as the cooling run. During
the heating cycle, the hydrate
completely dissociated (the crystals
disappeared) at the hydrate equilibrium
temperature (9.98°C). Above that
temperature, pressure traces for the
cooling and heating runs overlapped.
Images of the process were captured
during the heating and cooling
cycle at a rate of 40 frames per
second using the high-resolution,
high-speed digital imaging camera,
and then were digitally processed.
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Fig. 5: Laser Images of Hydrate in Presence of: A. Methanol
Inhibitor, B. Condensate, C. Anti-Agglomerant and Condensate

A.

B.

C.



Figure 4 shows an image (1mm x 1 mm)
of hydrate crystals during formation. 

Laser imaging can also
be used to evaluate the influence of
methanol
(the most common thermodynamic
hydrate inhibitor), condensate, or low
dosages of anti-agglomerants on
methane hydrate. As shown in Figure 5
the size and shape of crystals change
considerably in the presence of these
substances.

Current studies also confirmed the
suspicion that certain drilling fluids
promote hydrate formation, under-
scoring the need to screen drilling
fluids before their application in
deepwater environments.

A close comparison of the current
results with the literature data and
the CSMHYD hydrate model developed
by E. Dendy Sloan, at the Colorado
School of Mines, shows good agreement
(Figure 6). 

Acoustic Resonance
Spectrometer
The acoustic resonance spectrometer
used at GTI works on the principle of

Rayleigh’s theory of sound and Ferris’s
solution for the scalar Helmholtz
equation for a spherical cavity. The
heart of the system is a 25mm diameter
sphere that has two transducers
mounted at 45°angles. One transmits
acoustic waves through the natural gas
mixture in the sphere and the other
receives the wave fronts that have
picked up the phase or transitional
changes in the mixture at different
pressures and temperatures.

During the phase transition of a
fluid, there is a significant change in
sonic speed. Because frequency is
directly proportional to sonic speed, one
observes the same changes in
frequency. When hydrate formation
occurs, or at the hydrate equilibrium
temperature, the radial frequency
signals undergo a large change that can
be measured in real time.

The GTI acoustic resonance
spectrometer is an important tool for the
following hydrate research:
• Precise detection and measurement

of hydrate equilibration
temperatures, hysteresis of growth,
decomposition and kinetics

• Automated collection of large
volumes of information about 
hydrate growth

• Analysis of hydrate formation in
dark and murky fluids that
render conventional optical
techniques useless

• Study of the effect of various drilling
fluids on hydrate dissociation (a
major safety issue is the stability of
the ocean floor during drilling when
methane hydrate is present in the
sediment), and

• Study of the influence of low-dosage
(parts-per-million level) inhibitors on
methane hydrate. 
The device is cooled by liquid

nitrogen with heat exchange coils, fins
and a double-walled, stainless steel
vacuum jacket. This allows better
temperature control and lower heat loss.
The temperature control, scanning of
the radial modes of the frequency
spectrum, and data acquisition are
computer-controlled. A platinum
resistance thermometer is used for
accurate temperature measurements
and a digital pressure sensor is used for
absolute pressure measurements.
Temperature and pressure
measurements and radial mode
frequencies were monitored in real time
and recorded by the computer. 

Differential Scanning Calorimeter
For calorimetry the GTI flow assurance
facility employs a Mettler Toledo
DSC821 System with a robotic arm
auto-sampler that can analyze 35
samples in one loading. The DSC is a
valuable tool for probing the impact of
inhibitors on natural gas hydrates at low
dosage levels. Use of such inhibitors
could save gas producers millions of
dollars by providing alternatives to
toxic methanol or other chemicals
whose over-usage could pose safety or
environmental problems. The system
also can be used to screen different
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Figure 6: Comparison of GTI Lab Data with Data from Literature
and Model for Pure Methane Hydrate



inhibitors in the market for their
efficiency. Time-temperature
transformation (TTT) profiles can be
constructed from isothermal DSC data,
yielding valuable information not
currently available about complex
hydrate nucleation and growth
mechanisms. Results can provide heat
flow versus reference temperature data,
with heats of fusion and crystallization
resolving ice and hydrates distinctly.

Other Capabilities
Other key instruments in the GTI
hydrate flow assurance facility are a
Perkin Elmer gas chromatograph (Auto
System GC ARNEL) and a Dionex
high-pressure liquid chromatograph
(HPLC) for gas and chemical inhibitor
analysis. A Perkin Elmer System 2000
Fourier Transform Infrared (FTIR)
Spectrometer also has been added for
use in hydrate characterization
research. The GTI facility also is
equipped with a Malvern Mastersizer
2000 System for analyzing particle
distribution in emulsions and
suspensions. It can detect particles in
the range from 0.02 µm to 2000 µm.

Field Testing and Future Plans
GTI and its partner, the Colorado
Engineering Experimental Station Inc.
(CEESI) – a leader in field testing, flow
measurement and calibration – plan to
build a 100-foot-tall, 4-inch-diameter
vertical riser near Fort Collins,
Colorado. Researchers could then use
laser-imaging technology to track
concentrations of inhibitors as they
move through the vertical risers during
shut-in and start-up operations.

GTI and CEESI have also submitted
a proposal to the Department of Energy
for a research program to help resolve
hydrate formation problems that occur
when natural gas is transferred from
underground storage to a pipeline
system. During this transfer, the high-
pressure, rapid-withdrawal conditions
can trigger hydrate formation, which
can choke off valves and halt
operations. If the project is approved,
work will begin by yearend 2002.

The Flow Assurance Facility at GTI’s
headquarters near Chicago is unique
because it provides all the tools needed
for hydrate research in one place, and
because its equipment for laser

imaging, acoustic spectroscopy, and
calorimetry are fully dedicated to
hydrate research. The addition of these
new capabilities is especially timely, in
view of industry’s increased interest in
methane hydrate over the past several
years and the awareness that more
investment is needed in basic and
applied research on critical hydrate
issues. Testing carried out over the next
several years at GTI’s laboratories will
help answer many significant questions
about hydrate formation and its impact
on flow assurance. GTI’s vision is to
make the three labs that comprise the
Flow Assurance Facility the equivalent
of a national laboratory – a center for
excellence in hydrate research. �

For more information on the capabilities
of the GTI facility described above,
contact Dr. Ram Sivaraman,
Manager, GTI Hydrates Flow Assurance
Facility and Projects, at 847-768-0998)
or at alwarappa.sivaraman
@gastechnology.org.
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