
1

TITLE: LABORATORY EXPERIMENTS TO SIMULATE     DATE:  May 1997
CO2 OCEAN DISPOSAL

PI: S.M. Masutani
ph. (808) 956-7388 fax (808) 956-2335
e-mail:  masutan@wiliki.eng.hawaii.edu

STUDENT: R.G.A. Townsend, M.S. Candidate, Mechanical Engineering

INSTITUTION: University of Hawai'i at Manoa
Hawaii Natural Energy Institute
School of Ocean and Earth Science and Technology
2540 Dole Street, Holmes Hall 246
Honolulu, Hawaii 96822

GRANT NO.: DE-FG22-95PC95206

PERIOD OF
PERFORMANCE: 15 August 1995 through 14 August 1998

I.  ABSTRACT

OBJECTIVES:  The primary objective of this investigation is to obtain experimental data that can be
applied to assess the technical feasibility and environmental impacts of oceanic containment strategies to
limit atmospheric emissions of fossil carbon dioxide (CO2) from coal and other combustion systems.
These strategies exploit the very large carbon storage capacity of the deep ocean.  In a typical system, CO2
extracted from a combustor is liquefied and transported to the deep ocean (to circumvent the slow natural
CO2 exchange that occurs in the upper layers of the ocean) via a submerged conduit and discharged,
usually as a jet.  Hydrodynamic instability induces break-up of the jet into droplets which will be buoyant
at depths above 3,000 m.  Dissolution of the rising droplets may be hampered by a solid hydrate film that
forms on the surface of the droplets.  The complex mechanisms of liquid CO2 jet break-up, droplet
dispersion and coalescence, and dissolution in the deep ocean environment are not well-understood.  The
present investigation seeks to address several major deficiencies by the conduct of two categories of
laboratory tests which will:  (1) characterize size spectra and velocities of the dispersed CO2 phase in the
near-field of the atomized jet; and (2) estimate rates of mass transfer from single rising droplets of liquid
CO2 encased in a thin hydrate shell.  The former tests will employ a Phase Doppler Particle Analyzer
(PDPA) as the principal diagnostic while the latter will monitor droplet shrinkage by means of close-up
video and image analysis.

WORK UNDERTAKEN:  To date, the following tasks have been performed:
• A unique pressurized vertical water tunnel was developed to stabilize (in space) buoyant droplets of

liquid CO2 with an opposing flow of seawater.  The apparatus provides a means to monitor dissolution
that occurs over hundreds of meters of droplet rise in the ocean within the confines of a finite height
facility.

• A Phase Doppler Particle Analyzer (PDPA) has been procured and tested.  The PDPA optical train was
modified to adapt the diagnostic to the test facility.

• Experiments to characterize size spectra and velocities of liquid CO2 jets under conditions simulating the
deep ocean have begun.

• Two international research collaborations were initiated to:  (1) develop diagnostics for planned field
experiments of CO2 ocean disposal (with the University of Bergen, Norway); and (2) investigate a
concept to sequester CO2 in the deep ocean through the generation of dense CO2 hydrates in situ (with
the National Institute of Materials and Chemical Research, NIMC, Japan).
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SIGNIFICANCE TO FOSSIL ENERGY PROGRAM:  The U.S. Department of Energy is
promoting development of advanced technologies for recovery, reuse, and disposal of CO2 from coal-fired
power stations.  This activity is being pursued in consideration of the possibility that stabilization of net
CO2 emissions may be adopted as a policy goal in the U.S., in accordance with the 1992 UNCED
agreement.  The objective of this advanced technology development program is to identify alternatives
which can supplement more cost-effective means of CO2 control, such as efficiency improvements, energy
conservation, and fuel switching.  Given the limited reuse options for CO2, commercial-scale recovery
systems may need to be integrated with a disposal technique that will ensure long-term containment.
Analyses performed to date have identified the deep ocean as the leading candidate repository for CO2.
These studies, however, have been hampered by a poor understanding of the behavior of liquid CO2
effluent in the deep ocean.  To this end, the present investigation will obtain data on CO2 jet instability and
droplet dispersion, coalescence, and dissolution that can be applied to the development and validation of
predictive models to estimate the term of CO2 sequestration, perform (ocean) environmental hazard
assessments, and devise injection methods that ensure rapid dissolution and, hence, long-term containment
of the CO2 from the atmosphere.

PLANS FOR THE COMING YEAR:  The following activities are planned for Year-3:
• Complete experiments to characterize droplet spectra and velocities in the near field of liquid CO2 jets

under conditions simulating the deep ocean.  The effects of the following parameters will be examined:
(1) water temperature and pressure, i.e., simulated discharge depth; (2) jet velocity; and (3) nozzle
orifice size and geometry.

• Complete experiments to examine dissolution of single rising CO2 droplets with hydrate films.
• Continue joint investigations with the University of Bergen and NIMC.

II.  ACCOMPLISHMENTS (HIGHLIGHTS)

• A new high-pressure water tunnel has been developed to investigate buoyant liquid CO2 droplet
dissolution under deep ocean conditions.

• A PDPA was designed and procured to perform measurements of liquid CO2 droplet spectra and
velocity in water.

• Preliminary experiments have been conducted to characterize droplet spectra and velocities in the near
field of liquid CO2 jets under conditions simulating the deep ocean.

• Joint research projects were initiated with the University of Bergen, Norway, and NIMC, Japan, to
develop diagnostics for future field tests of CO2 ocean disposal and to investigate an alternative process
to contain CO2 in the deep ocean.
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