DOE/EA-1336

ENVIRONMENTAL ASSESSMENT

OCEAN SEQUESTRATION OF CO, FIELD EXPERIMENT

U.S. DEPARTMENT OF ENERGY
NATIONAL ENERGY TECHNOLOGY LABORATORY

M arch 2001



National Environmental Policy Act (NEPA) Compliance
Environmental Assessment Cover Sheet

Proposed Action: The U.S. Department of Energy (DOE) would participate with a group of
international organizations in an experiment to evaluate the dispersion and diffusion of liquid carbon
dioxide droplets in ocean waters. The experiment would be conducted in the fall of 2001. If the
action is approved, DOE would participate in a series of tests involving the intermittent release of
liquid carbon dioxide at a depth of about 2,600 feet (800 meters). The carbon dioxide would be
supplied through flexible tubing from a surface vessel to a nozzle attached to a retrievable platform
resting on the ocean floor. All testing would be completed within a two-week period. Monitoring of
the released carbon dioxide droplets would be accomplished using a combination of remotely
operated vehicles controlled from surface vessels, a submersible, and bottom arrays of measurement
equipment.

A number of aternative ocean sites were considered for conduct of the proposed experiment.
Discharge of liquid carbon dioxide from a surface vessel through tubing to a nozzle attached to a
bottom-located platform is preferred.  Generally, ocean locations possessing the following
characteristics would be appropriate for the experiment: seafloor at about 800 meter depth; weather
and surface wave conditions suitable for completing the experiment; proximity to land-based support
facilities; and absence of natural resources that would be adversely affected.

Candidate ocean sites within the U.S. territoria waters included several locations offshore from the
Hawaiian Islands and in the Gulf of Mexico, off the coasts of Texas or Louisiana. A steering
committee comprised of member representatives from participating international organizations would
select the final location for the experiment. The currently preferred site is within the Ocean Research
Corridor of the Natural Energy Laboratory of Hawai‘i Authority (NELHA) at Keldhole Point, Island
of Hawai‘i, approximately 1.2 miles (~1.9 kilometers) from the coast. (See Note on continuation
page.) This site is described in greatest detail in this Environmental Assessment. However, the
characteristics and potential environmental consequences of conducting the experiment within ocean
waters outside the Ocean Research Corridor, including locations not within the State of Hawai'i, are
also described.
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Abstract: DOE' s objective in participating in the experiment would be to ensure: (1) that developed
information provides improved understanding of the natural processes and of the physical and
chemical consequences associated with potential sequestration of carbon dioxide in deep ocean
waters, (2) that information is disclosed openly to the public and potentia policy makers; and (3) that
the U.S. maintains an international leadership role in addressing issues and concerns related to
national and global energy and related environmental matters.

The Environmental Assessment (EA) identifies the most notable change from the experiment as a
temporary increase in acidity from the dissolution of a cloud of liquid carbon dioxide droplets into
seawater. The dissolving plume of carbon dioxide droplets would achieve steady vertical and lateral
conditions within one hour (models estimate about 30 minutes) following the start of each release.
The resulting carbon-rich seawater could have acidity levels with the potential to affect marine
organisms for a maximum of three hours, after which time the action of ocean currents would have
reduced the acidity to a level where adverse effects would not be anticipated. Comparative studies
indicate that project-related changes in acidity would not persist for sufficient time or at sufficiently
reduced levelsto substantially affect marine organisms.

Public Comments: DOE encourages public participation in the NEPA process. A draft EA was
distributed for public review on August 8, 2000, and comments were solicited through the close of the
comment period on September 8, 2000. Due to the preferred site for the experiment off the coast
from Kelhole Point, Hawai‘i, the EA was made available for public access a the Kailua-Kona
Public Library and the Hilo Public Library on the Island of Hawai‘i and at the Hawai‘i State Library
in Honolulu on the Island of O'ahu. Newspaper notices announcing availability of the draft EA were
printed in the West Hawaii Today and Hawaii Tribune-Herald newspapers on the Island of Hawai‘i
and in The Honolulu Advertiser on the Island of O'ahu; collectively, about 85% of the population of
the Hawaiian Islands resides on these two idands. In addition, availability of the draft EA was
announced on the NETL website and on an internet website established to disseminate information
about the proposed experiment. Copies of the draft EA were also distributed to cognizant regulatory
agencies and various interested parties. A discussion of feedback received on the draft EA and
actions taken to address comments are presented in Appendix G. All comments received from public
participation were considered and addressed as appropriate in this final Environmental Assessment
for the proposed U.S. Department of Energy action.

Note: On February 26, 2001, subsequent to completing work for preparing a Final Environmental
Assessment, the following e-mail communication was received from the Executive Director,
NELHA.

“On February 20", the Board of Directors of NELHA met in monthly session. During the
meeting Peter Y oung offered a motion for the Board to rescind its 1999 motion to authorize
NELHA Staff to work with Pacific International Center for High Technology Research
(PICHTR) representatives to negotiate a Facilities Use Agreement. After a second from R.
Lim, T. Whittemore called for the question and the motion was carried by the majority.”

The communication indicated that the information was from the minutes of that Board meeting and
that the minutes are draft only and will not be approved or corrected by the Board until the next
meeting. Since the action by the Board of Directors of NELHA does not affect the validity of the
analyses of the potentia consequences from conducting the proposed experiment at any of the
aternative sites, the Environmental Assessment (EA) is being released with this added Note
regarding the NELHA action. No additional changes are needed for DOE decision-making.
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INTRODUCTION

1.0 INTRODUCTION

The U.S. Department of Energy (DOE) is proposing to participate, with a group of international
organizations, in an experiment to investigate certain scientific and technical aspects of carbon
dioxide (CO,) sequestration in ocean waters (the action proposed by DOE). This Environmenta
Assessment (EA) describes potential environmental consequences that could result from the
experiment, which would consist of releasing small quantities of liquid CO, in ocean water at
moderate depths in order to test dispersion and dissolution characteristics of carbon dioxide droplets
and the evolution of carbon-rich seawater. The experiment would provide information for future use
in considering options that might be necessary for effectively managing the build-up of carbon
dioxide (a greenhouse gas) in the atmosphere.

If this proposal is approved, DOE would participate as a partner in the Ocean Sequestration of CO,
Field Experiment. The Field Experiment would consist of short duration releases of liquid CO, during
atwo-week period in the fall of 2001. It would be conducted by pumping liquid CO, from a surface
vessel through tubing to a nozzle attached to a platform resting on the seafloor at a depth of about
2,600 feet (800 meters). Ocean sites for the experiment must possess certain characteristics of
weather and wave conditions and proximity to land-based logistical support. This EA considers
candidate sites for the experiment, including the Natural Energy Laboratory of Hawai'i Authority’s
(NELHA’s) Ocean Research Corridor, approximately 1.2 miles (~1.9 kilometers) off the western
coast of the Island of Hawai‘i, and other generic ocean sites.

During the Field Experiment, liquid CO, would be injected at low flow rates (i.e., 1.6 to 16 gallons
per minute) from a surface vessd to a small discharge platform located on the ocean floor in a series
of up to 20 intermittent, controlled-flow tests. Dispersion of the CO, into liquid droplets would be
achieved using a specially designed discharge nozzle attached to the platform.

The Field Experiment would provide information on (1) physica and chemical changes induced in
seawater by releasing liquid CO, and (2) relationships between release parameters (e.g., flow rate,
injection velocity) and the physical dynamics of CO, droplets. In addition, sampling of biota and
naturally occurring bacteria populationsin the vicinity of the discharge nozzle would be conducted to
provideinsight into potential biological responses resulting from the short-term exposure to CO..

This EA identifies and assesses potential environmental and socio-cultural impacts that could result
from conducting the Field Experiment. A variety of potentia sites and concepts for CO, injection are
discussed; reasonable aternatives for achieving the purpose of the experiment are identified; and
aternatives dismissed from further consideration are identified. The potential consequences of a“No
Action” alternative are also assessed.

The purpose of the EA is to determine if the action proposed by DOE, which would result in
participation in the Field Experiment, could cause significant impacts to the environment. If
potentially significant environmental impacts are identified, and if they cannot be reduced to
insignificance or avoided, then a more detailed Environmental Impact Statement would be prepared
and used as the basis for a DOE decision to participate in the Field Experiment. If no significant
environmental impacts are identified, a Finding of No Significant Impact would be prepared and
made available to the public, along with the EA itself, before DOE would proceed with the proposed
action.

This study was prepared in accordance with the National Environmental Policy Act (NEPA) of 1969
(42 United States Code 4321 et seq.), the Council on Environmental Quality’s Regulations [Title 40,
Code of Federal Regulations (CFR), Parts 1500-1508], and the Department of Energy’s NEPA
Implementing Procedures (Title 10, CFR, Part 1021).
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2.0 EXECUTIVE SUMMARY

21 INTRODUCTION

2.1.1 PROJECT SUMMARY

This Environmental Assessment (EA) has been prepared by the U.S. Department of Energy (DOE) to
provide the results of a study on the potential environmental impacts of an Ocean Sequestration of
CO, Field Experiment. This Field Experiment would be conducted from surface vessels in water of
about 800 meter depth, either within the Ocean Research Corridor of the Natural Energy Laboratory
of Hawai‘i Authority (NELHA), about 1.2 miles (~1.9 kilometers) off the coast of the Island of
Hawai‘i (see Figure 2-1), or at a suitable alternate site. If approved, DOE would participate as a team
member with a group of international organizations in testing certain scientific and technical aspects
of CO, sequestration in ocean waters.

Through controlled release of fixed amounts of liquid CO, totaling a maximum of 40-60 metric tons
(44-66 English, or short, tons), the Field Experiment would develop information on (1) physical and
chemical changesinduced in seawater by the release of liquid CO, and (2) effects of release rates and
nozzle designs on the physical dynamics of a cloud of CO, droplets. In addition, sampling of biota
and a study of naturally occurring bacteria populations in the immediate vicinity of the discharge
nozzle would be conducted and the results would be compared with background information to
determine the effects of CO, injection on these organisms. Other observations of the behavior of
marine biota while the experiment is underway would be performed.

2.1.2 PURPOSE OF THISDOCUMENT

This study was prepared in accordance with the National Environmenta Policy Act (NEPA) of 1969
[42 United States Code 4321 et seq.], the Council on Environmental Quality’s Regulations [Title 40,
Code of Federal Regulations (CFR), Parts 1500-1508], and the Department of Energy’s NEPA
Implementing Procedures [Title 10, CFR, Part 1021]. This EA identifies and assesses potential
environmental impacts that could result from conducting the Field Experiment within NELHA’s
Ocean Research Corridor, or at an alternative, generic ocean site. The potential impacts of a “No
Action” aternative are also identified.

22 PURPOSE AND NEED FOR THE FIELD EXPERIMENT

The Field Experiment would provide data to confirm scientific predictions and to test and refine
theoretical models scientists use to predict the behavior of liquid CO, released into the ocean at
moderate depths (2,300-4,900 feet; about 700-1,500 meters).

23 SUMMARY DESCRIPTION OF THE FIELD EXPERIMENT

The Field Experiment would consist of a series of tests. Each test would be conducted with a
different set of release parameters or physical ambient conditions to obtain a wide range of data for
comparison with and calibration of predictive models. The equipment needed to conduct the tests
would be mounted on, and deployed from, vessels chartered for that purpose. One vessel would carry
the equipment used to release the liquid CO,. A discharge platform would be carried on the deck of
the ship until it isin position for deployment. A test nozzle would be fitted to the end of an outlet
pipe on the platform, and the platform’s inlet pipe would be connected, using a short length of
flexible hose, to one end of coiled tubing through which liquid CO, would be pumped from the
vessel. The platform would then be lowered to the bottom at an estimated water depth of 2,600 feet.
The vessel used to deploy the discharge platform and flexible tubing would have good positioning
capabilities. That is, the vessal would contain the navigational and mechanical equipment needed to

PAGE 2-1



OCEAN SEQUESTRATION OF CO, FIELD EXPERIMENT DOE/EA-1336

EXECUTIVE SUMMARY

Figure2-1. Location Map
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remain in a fixed position without using an anchor. Other vessel(s) would transport remotely
operated vehicles (ROVs) and a submersible that would be used to collect data during the Field
Experiment. Instrumentation used for data collection would include ocean current meters, pH meters,
video cameras, and other oceanographic tools. Moored systems would be deployed to obtain
continuous records of oceanographic variables at fixed locations, while the ROV system and
submersible would be used to follow the discharge plume down current.

24 SUMMARY DESCRIPTION OF S TESAND ALTERNATIVES

This Environmental Assessment considers the potential effects of conducting the Field Experiment at
the NELHA Ocean Research Corridor site and at a generic ocean site as well as the effects of No
Action by DOE.

The NELHA Ocean Research Corridor Site, within waters having the requisite depth and other
desired characteristics. The site would be approximately 1.2 miles (~1.9 kilometers) from the
coast.

The Generic Ocean Site, within ocean waters having the requisite depth and other desired
characteristics outside the NELHA Ocean Research Corridor. This alternative includes sites for a
Field Experiment that would be in international waters, waters at locations away from the Ocean
Research Corridor, and waters away from the Hawaiian Islands.

The No Action Alternative considers the situation of DOE not participating in the Field
Experiment. Due to the involvement of an international consortium of sovereign entities, the No
Action Alternative would not preclude conduct of the Field Experiment.

A number of other aternatives were identified, evaluated, and eliminated from consideration during
the conceptual planning phase of the project. These are discussed in Section 4 of this report.

25 THEFIELD EXPERIMENT SCHEDULE

The Field Experiment would be conducted during the fall of 2001. The duration of the experiment
would be approximately two weeks.

26 COMPARISON OF THE EFFECTSOF ALTERNATIVES

considers the potential environmental effects of the Field Experiment conducted at the
NELHA Ocean Research Corridor and at another Generic Ocean Site and also the effects of the No
Action Alternative.
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Table2-1. Comparison of the Anticipated Impacts of Alternatives

FIELD EXPERIMENT FIELD EXPERIMENT NO
RESOURCE AFFECTED At Ocean Research Corridor Site At Generic Ocean Site ACTION
Marine W I Cloud of liquid CO, droplets up to 1,000 feet from Cloud of liquid CO, droplets up to 1,000 feet from No or similar
arineWater Quality | gigsharge nozzle; temporary depression of pH discharge nozzle; temporary depression of pH effects
fl Local abrasion of surface due to platform and pipe Local abrasion of surface due to platform and pipe No or similar
Seafloor emplacement and movement. emplacement and movement effects
Potential for stress and mortality on benthic life Potential for stress and mortality on benthic life No or similar
Benthic MarineLife | immediately beneath discharge platform & pipelineand | immediately beneath discharge platform & pipeline and
) 4 . 4 effects
in areas subject to pH below 6.5 in areas subject to pH below 6.5
Deep-Water Pelagic Marine | Very small loss of plankton and minor effects on mobile | Very small loss of plankton and minor effects on mobile | No or similar
Life | organism communities organism communities effects
Midwater Marine Life | Very minor stress on local plankton populations Very minor stress on local plankton populations gf?e?::ss milar
Surface-Water MarineLife | No adverse effects No adverse effects gf?eg'[ss milar
. o . No effects on archaeological or historic sites.
Historical and Cultural No eff_ects on archaepl ogl_cal or historic sites. Native Depending upon location, native groups could believeit | No or similar
Resources | Hawalian groupsbelieve it would adversely affect would adversely affect cultural valuesand fishingand | effects
cultural values and fishing and other traditional uses /ersely 9
other traditional uses.
. I 4l Emissions from engine exhaust. Experiment would help | Emissions from engine exhaust. Experiment would help | No or similar
Alr Quality an imate | ; mprove models used to evaluate climate change. improve models used to eval uate climate change. effects
: No or similar
Noise | No adverse effects No adverse effects effects
. . Slightly increased vessel traffic for short periods during | Slightly increased vessel traffic for short periodsduring | No or similar
Marine Transportation | o \eek experiment; some limits on vessel movement. | two-week experiment; some limits on vessel movement. | effects
Land Use | No effects No effects No effects
Aesthetic Resources | No effects No effects No effects
Inputs of goods and servicesto Hawai'i communities; Inputs of goods and services to communities; No or similar
Socioeconomic Resources | expenditures for goods where test equipment would be expenditures for goods where test equipment would be
effects
manufactured. manufactured.
Public Facilitiesand Services | No effects No effects No effects
Public Safety & Health | No effects No effects No effects

Note:

If, under the No Action Alternative the experiment would be performed without DOE support, then the anticipated impacts would be essentially the same as for the NELHA Ocean Research Corridor site.
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3.0 PURPOSE AND NEED FOR AGENCY ACTION

31 BACKGROUND

In the past 100 years, the amount of anthropogenic carbon dioxide (CO,) emitted into the atmosphere
has greatly increased, primarily due to expanding use of fossil fuels. Scientists estimate that
atmospheric CO, has risen from pre-industrial levels of 280 parts per million (ppm) to over 365 ppm
(Kedling and Whorf 1998). Barring a mgjor change in the way energy is produced and used,
predictions of global energy use in the 21% century suggest a continued increase in carbon emissions
and rising concentrations of CO, in the atmosphere. The Intergovernmental Panel on Climate Change
(IPCC) estimated that future globa emissions of CO, will increase from 7.4 billion metric tons of
atmospheric carbon (GtC) annualy in 1997 to approximately 26 GtC per year by 2100 (IPCC 1996).

Although historical effects of increased CO, levels on global climate remain atopic of debate, thereis
scientific consensus that doubling atmospheric CO, concentrations from present levels could have a
variety of serious environmental consequences in the 21% century. There is growing evidence, for
example, that higher concentrations of CO, and other “greenhouse”’ gases could be contributing to an
observed increase in average globa temperatures. A global average temperature increase of even a
few degrees could lead to an accelerated rise in sea level, changes in weather patterns, and other
atmospheric changes that would impact human health, water resources, land use, and other resources
(EPA 2000).

While the long-term solution to this problem must include actions associated with use of fossil fuels
(e.0., application of more efficient technologies, reductionsin fossil fuel use), these actions could not,
on their own, be implemented on a schedule that would quickly stabilize CO, levels. The sheer
magnitude of the present reliance on fossil fuels and the growing energy demands throughout the
world make it inevitable that the United States and other nation-states will continue to rely on fossil
fuels for energy well beyond the 21 century. Accordingly, some forms of carbon sequestration —
carbon capture, separation, and storage or reuse — could be needed to assist in mitigating global
climate change.

Carbon sequestration complements two other approaches to carbon management that are being
developed by the U.S. Department of Energy (DOE). The first approach increases the efficiency of
primary energy conversion and end-use. DOE sponsors a variety of research and development
(R&D) programs to investigate more efficient supply-side and demand-side technologies. These
technologies include more efficient fossil fuel-fired power plants, buildings, appliances, and
transportation vehicles. DOE also fosters research into methods of producing and delivering
electricity and fuels more efficiently. More efficient energy conversion and end-use would result in
lower CO, emissions per unit of energy service.

The second approach is substituting lower-carbon or carbon-free energy sources for current energy
sources. Examples include using lower-carbon fossil fuels (e.g., replacing coa or oil with natura
gas) and increasing renewable energy use (such as solar or wind). DOE has mgjor R&D programs to
develop more efficient fossil energy utilization and renewable energy technologies.

Carbon sequestration, the focus of the Field Experiment discussed in this Environmental Assessment
(EA), represents a third approach to carbon management. Most effective over the mid-term, carbon
sequestration would complement long-term efforts to improve efficiency and transition toward |low-
carbon fuels. Increased recognition of the urgency in dealing with the CO, buildup has focused more
interest on the potential of this approach. In response, DOE has established R& D objectives intended
to develop a better understanding of the economics and environmental implications of a variety of
carbon sequestration technologies. Successful development and implementation of such technologies
would alow the world to continue to benefit from the use of fossil fuels without the adverse side
effects that result when CO, is emitted into the atmosphere. Federal participation in research on
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carbon sequestration technologies is important at this early stage in their development because
technical uncertainties and lack of profit incentive discourage commitment of private resources.

The United Nations' Framework Convention on Climate Change (FCCC), adopted in 1992, called for
industrialized nations to reduce their greenhouse gas (GHG) emissions to 1990 levels by the year
2000. This ambitious goa was viewed as an initia step for developed countries under FCCC, but the
overarching objective was to stabilize GHG concentrations in the atmosphere at a level that would
prevent dangerous anthropogenic interference with the climate system. Some 167 countries,
including the United States, have ratified FCCC. The International Energy Agency (IEA) established
the Climate Technology Initiative (CT1) in 1995, as part of an effort by industrialized nations to fulfill
the demands of FCCC. The Kyoto Protocol, negotiated by the nation-states of the world in December
1997, may be viewed in the same way.

CTI (http://www.climatetech.net/home.shtml]) seeks to increase the use of existing and new climate-
friendly technologies through international cooperation in research, development, deployment, and
information dissemination. One objective of CTI is to enhance international collaboration in
greenhouse-gas capture and disposal. In December 1997 at Kyoto, Japan, CTI initiated work on a
number of practical research and development projects for CO, mitigation. Agencies of the
governments of the U.S., Japan, and Norway signed an international project agreement in December
1997 (Appendix A) under the Climate Technology Initiative.

The agreement’s contents, and the related project scope, resulted from numerous meetings and
discussions among international researchers involved in the study of global climate change mitigation
technologies for severa years. Origina signatory agencies were the National Energy Technology
Laboratory of the U.S. Department of Energy (formerly, the Federal Energy Technology Center),
Japan’'s New Energy and Industrial Technology Development Organization, and the Norwegian
Research Council (NRC). A steering committee, composed of one member per signatory agency, was
established to oversee and coordinate projects funded by participating nation-states. One of those
projects, now known as the Ocean Sequestration of CO, Field Experiment, is the subject of the
Proposed Action.

Technical stewardship of activities initiated by each signatory under the agreement is the
responsibility of a second-tier group of organizations or agencies that receive monies from member
nation-states. The implementing organizations originally consisted of the Massachusetts Institute of
Technology (MIT), Japan’s Research Institute of Innovative Technology for the Earth (RITE), and
the Norwegian Institute for Water Research (NIVA). A group of scientists and engineers from each
of the implementing organizations (known as the Technical Committee) share ideas, cooperatively
establish scientific and engineering objectives for activities, and track progress of initiated activities.

In 1999, Natural Resources Canada and a Swiss private company (Asea Brown Boveri) joined the
international project agreement. The Canadian Institute of Ocean Sciences (10S) is the implementing
organization for Natural Resources Canada. In 2000, membership in the project agreement was
increased to include participation by Australia s Commonwealth Scientific and Industrial Research
Organization and by Japan’'s Central Research Institute of Electric Power Industry, which is the
research organization for the electric power industry in Japan.

The Pacific International Center for High Technology Research (PICHTR), a non-profit R&D
organization based in Honolulu, Hawai‘i, was selected and funded by RITE (Japan) to serve as the
general contractor for the Field Experiment. PICHTR is responsible for organizing experimental
infrastructure, securing permits and authorizations, and providing technical and support services over
the duration of the project. In addition, PICHTR has initiated numerous public outreach activities.
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3.2 PURPOSE OF DOE’S CARBON DIOXIDE SEQUESTRATION PROGRAM

3.21 DOFE’'sPURPOSE

The Agreement signed by DOE in December 1997 was established in accordance with DOE'’s
mandate to work in partnership with stakeholders to support development of technologies that could
help solve environmental problems related to energy use. The Agreement is part of DOE’s ongoing
support of research into energy systems.

The main challenges for research on CO, sequestration technologies are to reduce the anticipated cost
of sequestration, to establish a portfolio of practical sequestration options, and to identify viable
options for sequestration that, in the long term, would be effective and would not create new
environmental problems. DOE activities related to CO, sequestration focus on five research areas
(DOE 1997):

separation and capture at the source;

sequestration in stable geol ogic formations;

sequestration in the ocean;

sequestration in terrestrial ecosystems; and

advanced sequestration concepts using chemical, biological, and other innovative approaches.

A sixth area of research addresses systems analysis, which is a critica tool for assessing the
effectiveness of alternative strategies. As shown i, ocean sequestration has, by far, the
greatest potential of the four research areas related to sequestration (DOE/FETC 1999). As apoint of
reference, in 1990 globa anthropogenic emissions of carbon amounted to 6.0 billion (10°) metric
tons.

Table 3-1. Carbon Sequestration Reservoirs

Carbon Capacity

Carbon sequestration reservoir o :
(in 10° metric tons)

Oceans 1,400 -2 x 10’
Geologic Structures 300 - 3,200
Terrestrial Systems (forestation and soil) >100
Fixation or Reuse (advanced concepts) Unknown

Source; DOE/FETC 1999

DOE has identified areas where the understanding of the science and technologies related to ocean
sequestration needs improvement (DOE/OS 1999). Questions such as the following remain
unanswered:

To what extent would ocean sequestration be effective?
What would be the best way to engineer a cost-effective and environmentally benign system?
How would the carbon cycle function in the deep ocean?

DOEFE’s carbon sequestration research has identified a range of activities needed to close information
gaps. These activities include laboratory studies, small-scale field experiments, and near-field
computer modeling to increase understanding of the behavior of CO, released into the ocean. In
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addition, knowledge is needed on the effects of changes in pH and CO, concentrations on organisms
from mid-water and deep-sea habitats.

3.2.2 PROJECT PURPOSE

The Ocean Sequestration of CO, Field Experiment would be conducted at a depth of approximately
2,600 feet (800 meters) and would be focused on key information gaps, as identified in Section @
The Field Experiment would provide data needed to test, validate, and refine existing computer and
laboratory models concerning the behavior of liquid CO, released into the ocean at moderate depths
(2,300-4,900 feet; about 700-1,500 meters).

The specific objectives of the Field Experiment would be to:

Investigate CO, droplet cloud dynamics;

Examine pH in the plume and on its margins;

Clarify effectsthat hydrates might have on droplet dissolution;

Trace the evolution of CO,-enriched seawater resulting from CO, dissol ution;

Assess potential impacts on bacterial biomass, production, and growth efficiency associated with
induced changes in seawater pH in the vicinity of the release; and

Examine the effect of arange of CO, injection velocities and injector configurations (e.g., orifice
size, number of injectors) on the performance of the system and on physio-chemical effects.

The Field Experiment would allow a real-world evaluation of computer model predictions and a
refined understanding of the small-scale physics governing the evolution of liquid CO, released in the
deep ocean. Reliable results obtained from these computer models would represent a very valuable
input to the genera effort to understand the feasibility and potential consequences of ocean
sequestration of CO..

33 NEEDFORTHE ACTION

Global climate change is an issue with many implications for the inhabitants of the planet, and it
presents a complex challenge. The potential for climate change, and the response of the nation-states
of the world to such change, could dictate fundamental shifts in the methods by which energy is
generated and used. In the long-term, options that help to mitigate climate change, such as carbon
sequestration, could be essential to preserving or improving the quality of life of the world's
inhabitants.

3.3.1 DOE NEED FOR ACTION

The President’s Committee of Advisors on Science and Technology recognized the importance of
carbon sequestration research and recommended increasing the U.S. Department of Energy’s budget
for such research (President’s Committee 1997). The Committee also recommended that a larger,
science-based sequestration program be developed with a focus on providing a science-based
assessment of the prospects and costs of CO, sequestration. The Committee recognized that this
scientific focus would represent long-term research and development that would not be conducted by
industry alone.

Among the opportunities for carbon sequestration are the following:
Cost-effective CO, capture and separation processes,
Geologic storage;
Enhancement of natural processesin terrestrial and ocean sinks; and

Chemical or biological fixation or reuse.
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Approaches to test technologies in all of the above areas are at an early research stage. As noted in
Table 3-1, the world's oceans provide the greatest possible sink for carbon. Additiona research is
needed to establish answersto critical technical and environmental questions regarding the feasibility,
capacity, and long-term viability of enhancing the natural process of CO, storage in the ocean.
Improved understanding of the basic processes and process chemistries are needed before practical,
achievable technology performance and costs can be estimated.

3.32 DOE DECISION

The decision to be made by DOE is whether to participate in the Field Experiment proposed to be
conducted in 2001 at a site that possesses the requisite characteristics of depth, weather and wave
regime, proximity to land-based support facilities, and absence of potentially adversely affected
sengitive natural resources. Candidate sites exist within the Natural Energy Laboratory of Hawai'i
Authority’s Ocean Research Corridor and at other ocean locations. The DOE decision will be based
on the potentia consequences, identified in this Environmental Assessment, of conducting the
proposed experiment within the Ocean Resource Corridor or at another ocean site.

34  SCOPING ACTIVITIES

341 SCIENTIFIC LITERATURE

DOE reviewed the experimental concept for afield test of ocean sequestration of CO, at the outset of
the program to identify the potentia environmental effects that would need to be investigated and
discussed. Thisreview included athorough analysis of the scientific literature.

Some examples of scientific literature reviewed in order to identify potentia environmental
consequences of the Field Experiment include Auerbach et al. (1997), Caulfield et al. (1997), and
Alendal et al. (1998). Additional examples areincluded in Section 12.0 (References).

3.4.2 ENVIRONMENTAL QUESTIONNAIRE

The Department of Energy’s National Environmental Policy Act (NEPA) Implementing Procedures
(10 CFR 1021) require careful consideration of the potential environmental consequences of dl
proposed actions during the early planning stages. DOE must determine at the earliest possible time
whether such actions require either an Environmental Assessment or an Environmental Impact
Statement, or whether they qualify for categorical exclusion. To assist in making this determination,
an Environmental Questionnaire must often be completed to provide information that can support
determination of the appropriate level of NEPA review.

A NEPA Environmental Questionnaire for land-based implementation of the Field Experiment was
completed in August 1998. The information supplied on the Questionnaire indicated that an
Environmental Assessment would be the appropriate level of review. DOE reconsidered this
determination when the focus of the Field Experiment changed to a vessel-based alternative.
Although the latter would have fewer potential effects than the shore-based dternative, DOE
reaffirmed its decision to prepare an Environmental Assessment.

3.4.3 PuBLIC OUTREACH PROGRAM

As the genera contractor, the Pacific International Center for High Technology Research (PICHTR)
developed and initiated an extensive public outreach program for the Field Experiment. The outreach
program was developed to inform environmental groups and other local stakeholders about the Field
Experiment and to provide a mechanism for concerns to be identified and addressed. Activities
included contacting the media, hosting one-on-one meetings, holding a public scoping meeting
(Section, and establishing a website (www.co2experiment.ord). The public outreach effort was
divided into several phases, which are specificaly defined in Appendix B.
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344 FORMAL SCOPING

PICHTR arranged and conducted a public scoping meeting for a Field Experiment within the Ocean
Research Corridor. The meeting took place on October 14, 1999, from 6:30 p.m. to 9:00 p.m. at the
Kealakehe Intermediate School cafeteriain Kailua-Kona. About 30 members of the public attended.
The purpose of the meeting was to explain the project and to gather questions and concerns from the
public. Topics discussed at the meeting included the rationale for selecting NELHA’s Ocean
Research Corridor as a potential site of the Field Experiment, impacts that the proposed project might
have on marine organisms, sensitivity of the Field Experiment to native Hawaiian cultural issues,
possible effects on public access to and along the shoreline, and opportunities for public input.

35 SCOPE OF THE ENVIRONMENTAL ASSESSMENT

The scope of the Environmental Assessment was determined after reviewing the abjective and
purpose of the proposed project, the extent of testing that would be performed, activities that would
need to be performed to implement the proposed experiment, the proposed setting for the project, and
other available technical and environmental information related to the proposed project.

Factors considered in establishing the scope of the Environmental A ssessment included the following:
air, water, wastewater, noise, health and safety (including accidents), transportation, hazardous and
non-hazardous wastes, environmentally sensitive resources, ecology, cultural resources, and land use.
The key issues for the proposed action were determined to be: ecological protection, water quality,
cultural values, transportation, and seafloor protection.
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4.0 ALTERNATIVES, INCLUDING THE PROPOSED ACTION

41 INTRODUCTION

As discussed in Chapter 3, DOE is supporting research in many areas that may lead to lower levels of
anthropogenic CO, emissions to the atmosphere. One of these areas involves ocean sequestration.
This Environmental Assessment covers an experiment (the “Field Experiment”) that has been
proposed as a means to expand knowledge of the behavior of CO, released into the ocean at moderate
depth, which is considered appropriate for testing ocean sequestration.

Theoretical calculations and laboratory experiments have made significant progress in defining
chemical and physical limitations that would constrain any future ocean sequestration scheme (e.g.,
Waddey 1995, Shindo et al. 1995, Aya 1995, Masutani et al. 1995). This work has shown that some
key uncertainties cannot be resolved without field experimentation. Tests involving the release of
extremely small amounts (i.e., afew kilograms) of CO, have helped to confirm and extend theoretical
and laboratory results (Brewer et al. 2000). However, severa scientific questions remain that can
only be answered through larger in situ rel eases.

Scientists first conceptualized the Ocean Sequestration of CO, Field Experiment in a definitive way
in 1996 and 1997. At that time, the concept involved a Field Experiment that would most likely use
shore-based facilities with a pipeline extending seaward to the required water depth. However, a
vessel-based test was recognized as having advantages if technical difficulties could be overcome.

This chapter defines aternatives considered for impact analysis. Section discusses concepts that
were initially considered but dismissed from detailed consideration as reasonable alternatives.
Secti on describes the vessel-based experiment conducted in NELHA’s Ocean Research Corridor
or in a generic site outside the Ocean Research Corridor. Section [4.4 describes the “No Action”
alternative, which would result if the U.S. Department of Energy does not provide funding for the
Field Experiment.

42 CONCEPTSDISMISSED FROM DETAILED CONSIDERATION

421 PHASEI: INITIAL SCREENING OF EXPERIMENT CONCEPTS

The Ocean Sequestration of CO, Field Experiment would produce information needed to calibrate
and refine predictive models describing the behavior of CO, released at a moderate ocean depth
appropriate for sequestration. Since release parameters represent a fundamental input to the
predictive models, the Field Experiment would be best conducted under as wide arange of conditions
as can be practically achieved. Key aspects of the release conditions that need to be examined
include (1) how the nozzle design will affect the size distribution of droplets, (2) the interactions
among droplets near the nozzle, (3) the possibility of hydrate formation, and (4) the potentia effects
of hydrates, if formed. Many of these have been explored in laboratory experiments, but tests in the
open ocean would be needed to verify and extend laboratory results. This would require placing
instruments near the nozzle to measure physical and chemical changes induced by the release of the
CO,, direct observation of CO, droplets, and indirect measurements of the CO, plume.

Evauating the effects of ambient dispersal of the discharged CO, would be important to
understanding the way in which CO, would be assimilated into the ocean environment at a depth of
about 2,600 feet (800 meters). Many field experiments have been conducted to measure horizontal
and vertical mixing in near-surface waters (e.g., Okubo 1971, Jenkins 1985). Fewer data are
available to describe mixing at the depths where CO, would have to be released for effective
sequestration.
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In order to achieve the desired objectives (Section), the scale of the Field Experiment would
need to be sufficient for effective monitoring by available instrumentation. This means the release
rates should be in the range of 1.6 to 15.8 gallons per minute (0.1 to 1.0 kilograms per second). The
depth of the release would need to be sufficient to allow the CO, in the rising droplets to dissolve
before reaching the depth at which the CO, changes into vapor (approximately 1,375 feet, or 420
meters). In addition, the duration of testing at a defined set of conditions would need to be sufficient
to attain a steady state around the discharge nozzle and to provide sufficient additional release time
for making meaningful measurements. Computer models predict (see Section that a steady
state would be achieved within about thirty minutes, and a minimum of one hour would be needed to
take measurements after achieving steady state conditions. Consequently, operationa plans would
consist of two-hour release periods, with close monitoring being carried out before, during, and after
the release.

4.2.1.1 Carbon Dioxide Delivery System Concepts Considered

CO; could be delivered to the discharge nozzle in any of several ways. These include (i) from aland-
based facility through a pipe laid along the bottom, (ii) from a vertical pipe attached to an oil
platform, (iii) through a conduit from a surface vessel, and (iv) from a submerged tank. The
advantages and disadvantages of these delivery concepts are discussed below.

4.2.1.1.1 Bottom-Mounted Pipefrom Shore-Based Facility

A pipe constructed along the bottom from a shore-based facility to a release point would be the least
technologicaly challenging of the options. The CO, could be handled onshore and any trouble-
shooting of the delivery system could be conducted before the start of the Field Experiment, thereby
minimizing time researchers would need to spend at the site. Offsetting these advantages would be
the fact that a pipeline would need to negotiate a high-energy nearshore environment. Also, the
potential would exist that construction activities or a pipe failure could adversely affect nearshore
resources. The inability to readily access the release nozzle after deployment would be another
drawback to this concept.

4.2.1.1.2 Platform-Mounted Pipe

Several oil drilling and oil pumping platforms reach to a depth of about 3,000 feet (900 meters).
Some platforms float with anchoring tendons tied to the seafloor; other platforms have a centra spar
extending to the bottom. An advantage of a platform-mounted pipe would be that small diameter
pipes already extend from the platforms to various depths, thus potentially simplifying construction.
A disadvantage would be that the multitude of support structures surrounding the release pipe could
produce perturbations in the flow regime and greatly complicate use of the ROVs that would carry
video cameras and instruments needed to monitor the behavior of the CO..

4.2.1.1.3 Vessel-Mounted System

CO;, delivery from a vessel would alow flexibility in the location of the release and in the ability to
readily access the small platform on which the test nozzles would be mounted. This concept would
possess technical challenges related to (i) design of CO, delivery tubing with the required strength
and flexibility and (ii) maintaining accurate vessel position during the Field Experiment in order to
ensure afixed release point for the duration of each test.

4.2.1.1.4 Submerged Tank

CO, delivery from a submerged tank lowered to the seafloor would avoid all piping except for a short
riser extending upward from the tank on which the discharge nozzle(s) would be mounted.
Disadvantages include the fact that the entire volume of CO, could be released into the ocean in the
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event of a tank failure. Another complicating factor would be the relatively difficult engineering
problems associated with designing a tank capable of withstanding both high internal pressures, when
the tank would be filled with CO, on the surface, and high externa pressures, when the tank would be
on the seafloor.

4212 Delivery System Concepts Eliminated from Further Consideration

After reviewing the advantages and disadvantages of these four concepts, the platform-mounted
pipeline and the submerged tank approaches were eliminated from consideration. While the
platform-mounted pipeline had originally appeared promising, excessive safety risk would be created
when operating research vessels and submersibles near an oil-drilling platform, and the quality of
scientific monitoring data would be suspect due to perturbations in water currents and flow regimes
around the platform’s support structures. Similarly, the reliability of a system supplying CO, from a
submerged tank could not be assured, and the potential would exist for release of an entire tank load
of liquid CO, in the event of a rupture. Thus, these concepts were eliminated from further
consideration.

4.2.2 PHASEIl: DETAILED SCREENING OF EXPERIMENTAL CONCEPTS

After the initial screening, two delivery system concepts remained as viable candidates for the
experiment: (1) a bottom-mounted pipe from shore-based facility and (2) a vessel-mounted system.
These design concepts were explored in more detail and evaluated further during a second stage of
screening. The results of this effort are summarized in Section4.2.2.] for a bottom-mounted pipeline
and in Section for a vessel-mounted concept.

4221 Bottom-Mounted Pipeline Concept

4.2.2.1.1 PossibleLocations

Possible locations for an onshore facility using a bottom-mounted pjpeline for the Field Experiment
were evaluated in considerable detail in 1997 (Adams et al. 1997).“ The analysis concluded that, in
principle, near-field tests of nozzle, droplet cloud, and overall plume behavior could be tested at any
of a number of ocean sites where hydrographic conditions would be representative of potential ocean
sequestration sites. The report noted greater limitations gn far-field tests, which could be influenced
by site-specific patterns of ocean currents and turbulence® The Adams et al. study identified severa
characteristics that would enhance suitability of a Field Experiment conducted using a shore-based
facility and a bottom-mounted delivery pipe. Some of these characteristics were noted as being
reduced in importance if the Field Experiment were conducted from a vessel.

The 1997 review by Adams et al. identified several candidate sites as having the requisite
characteristics for aland-based Field Experiment. These included the northern shore of St. Croix in
the U.S. Virgin Islands, Punta Tuna in Puerto Rico, and KelJhole Point in Hawai‘i. Each location
was evaluated with respect to the required length of the CO, delivery pipe, surface currents, waves,
wind speeds, the magnitude of bottom currents, and bottom conditions.

Consideration of potential locations for the experiment continued in 1998, with efforts focusing on
two sites. One site was near the NASA facility on Cooper’s Island at the eastern edge of Bermuda.

2 The study was not intended to identify the very best place in the world to conduct the experiment. Rather, the goal was to
identify locations where the activities could be conducted with reasonable ease and where they would have a high
probability of producing scientifically valid resullts.

3 In this context, the near field would comprise a zone where initial jet-momentum and gravity effects due to differential
buoyancy (e.g., liquid CO, droplets, dense carbon rich water) would be strong. The dissolution of the dispersed phase
(pure CO,) should take place within the near field. Typical time scales of a few hours and spatia scales of a few hundred
meters would be expected for these experiments. The far field would be the zone where the dissolved carbon would be
further transported via advection (currents) and dispersion (turbulent diffusion). In simple terms, the far field would be
defined as a size and time scale that exceeds the near field.
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The other site was in the Ocean Research Corridor off Ke(Jhole Point on the Island of Hawai‘i. Both
sites were evaluated with respect to such factors as the difficulty of laying a pipeline from the
shoreline to the potential release location, the suitability of oceanographic conditions, weather, the
availability of support from local ingtitutions, and implementation costs. The analysis showed that
both locations had strengths and weaknesses relative to one another and concluded that either would
be suitable for the Field Experiment.

4.2.2.1.2 Conceptual Design for Bottom-Mounted Pipeline

The test facilities required for a bottom-mounted pipeline would consist of four primary components:
(2) refrigerated CO, storage tank; (2) a pump and metering system; (3) aboveground and submerged
conduit; and (4) amoored nozzle array. Each of theseis discussed briefly below.

CO, Storage Tank. A single, refrigerated, storage tank would be installed a short distance inland
from the shoreline to hold the CO,that would be required for the experiment. CO, typically is
stored in tanks at about 20 to 22 bar~and -4°F (about -20°C). The storage tank would require a 3-
phase electrical hook-up, consume about 25 kW, and might need to be installed on concrete pads.
The ligquid CO, would be purchased, and a refrigerated storage tank would be leased from a local
firm. The storage tank system would consist of standard equipment that has safely been used for
years by many industries and businesses, such as food and beverage companies and hospitals.

Pump and Metering System. A pump would be needed to further pressurize liquid CO, extracted
from the tank to compensate for pressure losses due to flow through the pipeline and valves,
discharge losses through the nozzles, and density head (i.e., the added hydrostatic pressure at the
bottom of the sea and the pressure due to differences in densities of the two liquids). Pressurizing
CO, to a level equal to 70 bar or greater would preclude the possibility of CO, boiling in the
conduit due to heat transfer from the warm (about 27°C during the summer) surface waters. The
flow control and monitoring devices would consist of conventional hardware.

Aboveground and Submerged Conduit. Conducting the Field Experiment from shore-based
facilities would involve pumping pure liguid CO, through a small steel pipeline from the
refrigerated storage tank on the shore to a discharge platforrﬁ ocated at a depth of about 800
meters. The length of the pipeline would vary with location™ The conduit would rest on the
seafloor. The candidate pipe (~1.5-inch internal diameter) would be a product manufactured for
offshore oil and gas applications. The coiled pipe would be fabricated from alloy steel.

Moored Nozzle Array. Specific designs have not been developed for the type of nozzle array that
would be used with a bottom-mounted pipeline. However, some basic characteristics are known.
A common manifold would be needed to feed the CO, into one of two or three different nozzles.
The common manifold would need to be connected to the conduit by a swivel joint that would
alow it to be disconnected from the pipe. Each nozzle would likely consist of a vertical riser
(pipe) about 20 centimeters (cm) in diameter that ends in a blind flange with 10 to 60 small holes
(discharge ports). This arrangement would generate an ensemble of CO, droplets. Submerged,
electrically actuated valves would be needed to select a specific nozzle for testing.

4.2.2.1.3 Construction Activities for Shore-Side Facilities Needed for a Bottom-Mounted Pipeline

Construction of the shore-side facilities needed to use a bottom-mounted pipeline for the Fied
Experiment would involve the following activities:

Grading of the selected site;
Installing atemporary office trailer;

4 One“bar” is nearly equal to normal atmospheric pressure at sea level, or 14.5 pounds per squareinch.
5 At NELH, for example, the pipe would need to have a length of about 1.9 kilometers (6,340 feet).
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Building severa concrete equipment pads;

Installing atemporary refrigerated tank to store liquid CO,;

Installing a pumping system to inject CO, through the submerged pipeline;
Installing instruments; and

Connecting the facilities to existing power and water systems.

A level outdoor area between 5,000 square feet (0.12 acres or 465 square meters) and 10,000 square
feet (0.23 acres or 929 square meters) would be needed. A square plot of land with dimensions of
100 feet (30 meters) by 100 feet would be appropriate. Due to the relatively short duration of the
experiment, mobile (i.e., easily removable and transportable) facilities would be employed wherever
possible. The two major components that would be located in the outdoor area would consist of an
office trailer with restroom and stairs [~ 3.7 meters x 17 meters (12 feet x 56 feet)] and a refrigerated
CO, storage tank [~ 3 meters x 18 meters (10 feet x 60 feet)].

The liquid CO, pump and motor, valves, and flow rate meter would be mounted adjacent to the
storage tank, probably on a concrete pad or wooden platform, and possibly with a roof for rain
protection. The pump controller would be installed next to the pump in a weatherproof box with
redundant controlsin the trailer. The pump and motor footprint would be relatively small [~ 1 meter
x 1 meter (3 feet x 3 feet)]. A concrete pad for the pump and other equipment might be necessary if
the ground is not adequately hard and level. An insulated steel pressure pipeline would be installed
above ground and follow the most direct path to the shoreline take-off point of the submerged
conduit. The onshore section of the underwater power and signal cable would also follow this path.

4.2.2.1.4 Construction Activities for Bottom-Mounted Pipeline

Several factors would affect pipeline installation, including the physical character of the offshore area
through which the pipeline would pass, the wave environment, and current fields. Several different
techniques for deploying the pipeline were considered:

Pulling spooled pipe and cables from shore;
Laying pipe and cables from a ship moving toward shore; and
Laying pipe and cables from a ship moving away from shore.

Pulling the pipe from a spool on shore was considered the most feasible approach. In this case, the
bottom-mounted pipeline that would be used to deliver pressurized, liquid CO, to the injection
nozzles would be a continuous sted conduit about 1.5-inch (3.8 centimeters) in diameter. Such a
pipeline could probably be obtained on a single spool. Even filled with a gas, candidate CO, delivery
pipelines would not be buoyant in seawater. Thus, a small-diameter (e.g., 4-inch, or 10 centimeter)
high-density polyethylene (HDPE) conduit would need to be attached to the CO, delivery Ejpeline as
it would be unreeled from a spool on the shoreline and pulled out to sea during deployment.

Just like the CO, dedlivery pipeline, the HDPE conduit would be air-filled since its purpose would be
to provide a significant amount of removable buoyancy. In fact, the HDPE conduit would need to be
sufficiently buoyant to attach a power cable, which would also be on areel. The pipeline bundle
would be deployed as follows:

All pipe reels would be secured on a concrete pad onshore, and a “launching ramp” would be
installed over the shoreline cliff to control pipe curvatures.

% Spools containing 1,000-foot lengths of HDPE would be available for this type of conduit. These lengths could be joined
together thermally, which would provide a significant advantage over similar operations using “traditional” 40-foot
straight sections. This benefit would be complicated by the need for a more extensive shoreline working area, with about
8 HDPE pipe spools, the CO, delivery pipe spool, and the power cable reel stored next to one another.
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A tugboat would be positioned in shallow waters immediately offshore; the CO, discharge
nozzle structure would be onboard.

The coiled tube, the power cable, and the HDPE line would be simultaneously unspooled and
tied together to form a buoyant bundle, which would be passed on to the tugboat by an auxiliary
small craft.

The end of the CO, ddlivery pipe would be connected to the CO, discharge nozzle structure, and
the tugboat would pull away from the shoreline. The weight of the CO, discharge nozzle
structure would provide the principa holding point for the buoyant bundle.

The tugboat would continue moving away from the shoreline toward the site for the experiment
until the bundle would be completely unspooled and floating on the water surface, with the shore
end held under tension for proper alignment. The HDPE pipe sections would be fused together
quickly, requiring only that pulling operations would be held for about ten minutes at atime.

Once the pipeline achieves full extension, the tugboat would hold position until acceptably low
(e.0., less than one knot) surface currents would exist. Seawater would then be pumped into the
pressurized HDPE pipeline, causing it to sink slowly to the seafloor. The tugboat would adjust
the line tension and position to control the touchdown path of the bundle. The bundle would
progressively sink to the seafloor starting at the shoreward end of the assembly.

To complete the deployment, a small crane on board the tugboat would lift the CO, discharge
nozzle structure overboard into the water using a wire rope connected to an onboard winch. The
discharge nozzle assembly and final length of pipeline would be lowered dowly under tension to
the seafloor. Upon touchdown on the seafloor, the wire rope would be released and the entire
assembly would bein place.

Deployment of the pipeline and the CO, discharge nozzle structure would be expected to take
just afew days.

If a shoreline cliff or topographic discontinuity should be encountered, a short, separate, shoreline
section of pipeline might need to be installed to safely clear the shoreline. For the bottom-mounted
pipeling, a sdlf-anchoring pipeline (i.e., one that simply lies on the bottom with no permanent
anchors), which would avoid the complications and costs associated with even the least obtrusive
anchoring procedure, would be satisfactory. However, this advantage would need to be weighed
against the possibility that pipeline damage near the shoreline could result from large swells that
might be produced by an unusual storm.

42215 Post Test/Site Clean-Up

The pipeline infrastructure deployed for this aternative would be removed immediately upon
completion of the Field Experiment. Removal would proceed by reversing all deployment steps until
the bundle floats at the ocean surface. Then, the bundle would be depressurized, pulled onto the
shoreline, and cut into pieces for transport by truck to alandfill for disposal. Because of the proposed
pipeline deployment method, no permanent structures would be placed on the seabed. Consequently,
the only trace of the experiment that would remain following re-flotation and removal of the pipeline
could be asmall amount of surface abrasion of the seafloor.

4.2.2.1.6 Summary of Bottom-Mounted Pipeline

In summary, the shore-based alternative would be the least technologically challenging of the options
and was extensively considered in defining the experimental methodology. The CO, would be
handled onshore and any trouble-shooting of the delivery system could be conducted before the start
of the Field Experiment, thereby minimizing time researchers would be needed at the site. Offsetting
these advantages would be the fact that the pipeline would need to negotiate a high-energy, nearshore
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environment. Also, the potential would exist that construction activities or a pipe failure could
adversely affect nearshore resources. The inability to readily access the nozzles following
deployment of the pipeline would be another notable drawback to this aternative.

4222 Vessd-Based Concept

While the characteristics needed for the release point using a vessel-based concept are essentialy the
same as for aland-based alternative, the flexibility that could be provided by ships means that many
more locations would have suitable physical characteristics. Implementation of a vessdl-based
experiment would also involve a shorter overall duration than a land-based aternative. However,
vessel-based experiments require more restrictive limits on weather and sea state than the land-based
methods, due to a longer exposure time at sea while the complicated positioning, deployment, and
recovery operations are completed.

In general, site characteristics required for a vessel-based Field Experiment would include:
Water depth of approximately 2,600 feet (800 meters);

Weather and wave regime that would allow research vessels to maintain position during the Field
Experiment and not cause undue delays that might prevent compl etion within the limited time that
the ships would be available;

Proximity to (and availability of) land-based support facilities needed for research vessels and
associated scientists; and

Absence of particularly sensitive natural resources in the potentially affected area.

Examples of locations meeting these requirements include several sites offshore from the Hawaiian
Islands, an offshore Norwegian site, and in the Gulf of Mexico offshore from Texas or Louisiana.

423 PHASEIII: ELIMINATION OF THE BOTTOM-MOUNTED PIPELINE CONCEPT

4231 Consderation of Bermudaand Hawai‘i Sites

After considering all technical factors (see Section 4.2.2.1.1) related to possible locations for a
bottom-mounted pipeline at Bermuda and Hawai‘i, the Natural Energy Laboratory of Hawaii
Authority’s (NELHA’S) Ocean Research Corridor at Kellhole Point, Hawai‘i, was determined to
possess the most favorable characteristics for the Field Experiment, regardiess of whether it were
conducted from land-based facilities with a pipeline following the seafloor, as was then thought most
likely, or from a vessal.

A deciding factor in this determination was the fact that the relatively high deep-water temperature
found to exist off Bermuda would preclude the ability to properly investigate the potential for (and
possible effects of) hydrate formation if the Field Experiment would be conducted at that location. In
order to thoroughly assess the technical and environmental implications of CO, sequestration in ocean
waters, the Field Experiment would need to produce scientific data at depths where temperature
conditions could potentialy result in hydrate formation. Also, the superior weather and sea-state
conditions expected at the NELHA location were factors that supported the choice of a Hawai‘i site.
In addition, the existence of an approved Ocean Research Corridor and the available oceanographic
and environmental characterization data, as well as the Field Experiment’s compatibility with these
established uses, were considered positive for the Hawai'i site.

In September 1999, PICHTR filed a formal application to conduct the Field Experiment within
NELHA'’s Ocean Research Corridor. The NELHA Board approved the request at its October 19,
1999 meeting.
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4.2.3.2 Elimination of NELHA Bottom-M ounted Pipeline Concept

In March 2000, after considering the relative merits of land-based and vessel-based alternatives for
delivering carbon dioxide, the vessel-based concept was determined to be the preferred approach for
conducting the Field Experiment and efforts to further consider a land-based experiment were
suspended. PICHTR informed NELHA of this determination in April 2000.

The decison to suspend further studies of a land-based dternative was based on severd
considerations. Confirmation that the experiment could be successfully conducted using a vessel was
an important factor in this decision. However, the information that had been obtained through the
public outreach program and scoping conducted for the project was equally important. Those efforts
made it clear that public concerns existed regarding use of a bottom-mounted pipeline that could have
potential for adversely affecting nearshore resources. More specifically, for aland-based experiment
at the NELHA location, public concern existed about possible impacts on traditional Hawaiian fishing
and gathering activities, on historic properties within the existing archaeological preserve, on
nearshore biota because of construction activities or pipeline failure, and on freedom of access along
the shoreline. While mitigation measures could be implemented to address these concerns, practica
mitigation measures would not be likely to completely eliminate all public concerns about the
bottom-mounted pipeline. Hence, the bottom-mounted pipeline concept a NELHA’s Ocean
Research Corridor was eliminated from consideration.

This Environmental Assessment describes the potential environmental effects of the alternatives that
remain under consideration for implementation as aresult of the proposed action. They are:

Vessel-Based Field Experiment at NELHA’ s Ocean Research Corridor site,
Vessel-Based Field Experiment at a generic ocean site, and
The No Action Alternative.

These alternatives are described in Sections[4.3 through 4.4 below.

43 VESSEL-BASED FIELD EXPERIMENT

This section of the Environmental Assessment (EA) describes the alternative for conduct of the Field
Experiment from avessel. Section[4.3.] briefly describes the general characteristics and purposes of
4.3.i

the NELHA Ocean Research Corridor site alternative. Section  briefly describes a more generic
ocean site not in the NELHA Ocean Research Corridor. Section identifies the basic equipment
that would be employed and the types of activities that would occur during the Field Experiment, and
Section describes the sequence of events anticipated during the Field Experiment. The
termination phase of the Field Experiment, during which the at-sea rel ease system and the monitoring
systems would be removed from the ocean, are described in Section

A draft experimental plan for the Field Experiment, which includes more detailed descriptions of the
anticipated experimental and monitoring activities, schedule, and contingency provisions, is presented
in Appendix C. This plan was formulated through collaboration among the principal scientists in
charge of the experiment and professiona biological oceanographers with extensive experience
investigating the marine ecosystems of the Hawaiian Islands. The Field Experiment, because of its
planned short duration and low release rates of CO,, would not provide adequate foundation for a
comprehensive investigation of environmenta impacts. However, some preliminary studies directed
toward evaluating how some biota might respond to the releases are planned (see Section 5.3.2.1.).

431 THENELHA OCEAN RESEARCH CORRIDOR SITE

The Natural Energy Laboratory of Hawai'i Authority (NELHA) Ocean Research Corridor includes
2,940 acres of ocean waters and submerged lands located on Conservation Lands offshore from
KeOhole Point (Figure 4-1). The State of Hawai‘i Department of Land and Natural Resources
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Figure4-1. NELHA Ocean Research Corridor
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(DLNR) issued a Conservation District Use Permit (CDUP HA-1862) to NELHA authorizing use of
the Ocean Research Corridor, and NELHA has been continuously carrying out research activities
consistent with this permit since it was issued in 1986. The permit authorizes activities within the
Ocean Research Corridor that include the following:

. temporary and permanent ocean research, alternative energy and mariculture
research and commercial mariculture and energy activities and facilities; immediate
construction and development of three ocean water pipeines and use of portions of two
parcels of land for pipeline and utility easements, pump stations and road improvement and
maintenance activities on and offshore of Kellhole Point.”

The Field Experiment would be consistent with these uses and, as related in Chapter 6, DLNR has
determined that a Conservation District Use Permit would not be needed to conduct the vessal-based
experiment. Moreover, the site is not in any wildlife sanctuary and is well removed from the
shoreline and surface-water biological communities. Other factors that make the Research Corridor
site appropriate for the Field Experiment include reliably calm seas and winds, easy access to deep
water, local project participants and the excellent scientific research facilities available in Hawai‘i.

4.3.2 GENERIC OCEAN SITE

Potential locations for a vessel-based Field Experiment that would be beyond the Ocean Research
Corridor, outside of Hawaiian or U.S. waters, or outside the territorial waters of any nation-stete, are
treated as a class rather than individualy. These locations are analyzed in this Environmental
Assessment as a“ Generic Ocean Site.”

Section describes the characteristics that would be required for a vessel-based Field
Experiment. As previoudy discussed, potential ocean sites considered for the Field Experiment in
U.S. Territorial waters include sites further offshore from the Hawaiian 1slands than NELHA’ s Ocean
Research Corridor and sites in the Gulf of Mexico offshore from Texas or Louisiana. Although these
sites meet most of the required characteristics, the anticipated wind and wesather conditions at each
site would be more severe than in the Ocean Research Corridor, and they would pose more difficult
conditions for deployment and recovery of the discharge system, as well as for vessel positioning
during tests.

4.3.3 PROPOSED EQUIPMENT

The equipment needed to conduct a vessel-based Field Experiment would be mounted on, and
deployed from, ocean-going vessels chartered for the purpose. schematically illustrates
the overall configuration of the experiment, which has been specifically tailored to the scale, duration,
and scientific purpose ﬁf the proposed Field Experiment. is adiagram of the type of vessel
most likely to be used.

4.33.1 Carbon Dioxide Delivery Vessd

One vessel would carry the equipment used to release the liquid CO,. This vessel would have good
positioning capabilities, which means that it would have navigational and mechanical equipment
needed to remain in a fixed position without use of an anchor. The egquipment mounted on the vessel
would consist of the following:

A standard refrigerated CO, storage tank system of the type widely used by food and beverage
companies and hospitals. The deck-mounted tank would keep the CO, at a pressure of 20 to 22
bars and -4°F (about -20°C).

" If conducted within the Ocean Research Corridor or at another ocean site near the Hawaiian Idlands, the experiment could
use vessdls adready based in Hawaiian waters or ones whose schedule would bring them through Hawai‘i during the
expected time window for the experiment (fall of 2001). The choice would depend upon vessel availability and cost.
Because of this, a detailed description cannot be provided at thistime.
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Figure4-2. General Methods Used in the Field Experiment
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Figure4-3. Typical Vessel and Deck-Mounted Equipment.
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A pump, metering system, and high-pressure hose capable of delivering the liquid CO, from the
storage tank into tubing through which the CO, would be transported to the discharge platform
and nozzle on the seafl oor.

A reedl holding approximately 3[5940 feet (1,200 meters) of 1.5- to 2-inch (3.81 to 5.08 centimeter)
outside diameter, coiled tubing;® a control cabin with hydraulic power pack, and a deck-mounted
container housing controls for the other equipment.

A discharge platform, similar to one shown in [Figure 4-4 would be carried on the deck of the ship.
When the vessel would be in position for deployment, atest nozzle would be fitted to the end of the
outlet pipe, and theinlet pipe would be connected to the end of the coiled tubing. The platform would
then be lowered to the bottom at an estimated water depth of 2,600 feet (800 meters). The platform
would be about six or seven feet wide by thirteen feet long (2 meters by 4 meters) and would weigh
approximately 11,000 pounds (5 metric tons). The discharge platform would consist of the following:

A flat, steel structure that would provide sufficient tension to the tubing during deployment to
minimize drifting due to currents.

A vertical stedl pipe connected to the CO, supply tubing by a short, flexible hose secured by
chains. The connection would also include a swivel joint to minimize torsion forcesin the tubing.

A trumpet-shaped guide to prevent kinking in the CO, supply line.

Four pointed, steel legs to minimize horizontal movements on the hard seabed, which can have a
slope of as much as 30 degrees.

A discharge pipe to which the test nozzle would be attached; the discharge pipe would extend
outward and upward from the side of the platform.

Anti-backflow devices, such as a check valve, to prevent seawater from entering the pipe and
causing hydrate blockages.

The platform may also be equipped with electric heaters to 'melt’ any hydrates that form,
transponders, and other small pieces of scientific equipment.

4.3.3.2 Other Support Vesses

Other vessels would be used to support the Field Experiment. These would include up to two mother
ships for the remotely operated vehicles (ROVs) or submersibles that would be used to collect data
during experimental tests (seg{Figure 4-5). In addition, a small boat would probably be chartered to
carry scientists and samples between the research vessels and the shore. Small chemical and physical
sensors, as well as ROV transponders, would be placed temporarily on the seafloor during the Field
Experiment.

4.3.4 PROPOSED TEST SEQUENCE

The Field Experiment would consist of a series of test sequences, with each individual test designed
to observe and evaluate the behavior of liquid CO, in seawater as release parameters vary under
known physical conditions. Since nozzle design would influence the initial characterigtics of the CO,
droplets for a given release rate, varied nozzle designs would be used to widen the range of practical
release parameters. | Table 4-1 summarizes the most important characteristics of the planned tests.
The currently proposed experimental plan is provided in Appendix C.

® The leadi ng candidate would be a product manufactured for offshore oil and gas applications. The continuous, coiled
tubing would be fabricated from alloy stedl. All tubing would be tested at pressures greater than or equal to 6,000 pounds
per square inch (414 bar) before shipment. Since the planned operating CO, pressures would be less than or equal to 80
bar, the safety factor would be greater than 5.
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Figure4-4. Discharge Platform

PAGE 4-14



DOE/EA-1336 OCEAN SEQUESTRATION OF CO, FIELD EXPERIMENT

ALTERNATIVES, INCLUDING THE PROPOSED ACTION

Figure4-5. Typeof ROV Used for Monitoring in the Field Experiment
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Table4-1. Preliminary Field Experiment Matrix

Duration of Each Test Release (approximate) Two Hours,
1.6 and 15.8 gallons per minute
CO, Flow Rates
2 (0.1 and 1.0 kg/s)
Number of Nozzle Designs Tested 2
Ambient Conditions Conduct tests at range of current speeds, if possible
Number of Tests 12t0 20
Approximately 10,500 to 15,500 gallons
Total Amount of CO, Released PP y . 9
(40 to 60 metric tons)
Source: Pecific International Center for High Technology Research (PICHTR)

Tests would only be conducted when weather and sea conditions alow vessels to maintain their
positions within a designated area. The relatively high frequency of moderate seas and calm windsin
the lee of the Big Island make it particularly well suited for the Field Experiment.® Based on
equipment requirements, the preferred surface current for conducting tests would be 2 knots (about 1
meter per second) or less.

The vessel deploying the platform would maintain station while the coiled tubing would be extended
for a single experimental test series. In general, this means that the vessal would be stationary above
the platform for periods ranging from 8 hours to several days. Radioactive substances would not be
used in any of the experiments.

4.3.4.1 Deployment

Before the discharge platform would be lowered from the ship, one of the specialy designed nozzles
would be attached to the end of the CO, discharge pipe. Each nozzle would likely consist of a
vertical riser (pipe) about 8 inches (20 centimeters) in diameter that ends in a blind flange with 10 to
60 small holesfor release ports.

When prepared for deployment, the platform and attached coiled tubing would be slowly lowered into
the water. The weight of the platform would result in avirtually vertical descent of the assembly.

While deploying the platform, the ship would maintain station within a radius of approximately 80
feet (25 meters) over the platform’s intended resting-place on the bottom. After the platform reaches
the bottom, additional tubing would be deployed until approximately 650 to 1,000 feet (200 to 300
meters) of tubing would be laid on the seafloor. Laying out this additional tubing would provide an
unobstructed space immediately above the discharge platform so that observers would have a clear

° A 3.28-foot (1 meter) wave height with periods from 4 seconds upward is deemed representative of the conditions that
would be experienced during deployment and testing.

1% Given the typical differences between surface and bottom currents, the maximum deflection in the tubing would be
approximately 10 feet (3 meters) over the 2,600-foot (800 meter) length of tubing between the surface and the discharge
platform.
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view of the CO, plume. In addition, the ROVs or submersibles would be able to maintain a safe
separation from the vertical segment of the tubing.

The platform would be retrieved from the seafloor to change the discharge nozzle, perform
maintenance on the nozzle or discharge platform instrumentation, or correct any operationa
problems. A maximum of 10 deployments of the discharge platform would be anticipated, but the
most likely number of deployments would be fewer than half that amount.

43.4.2 Carbon Dioxide Release

Following proper placement of the discharge platform on the bottom, the CO, release through the
nozzle being tested would begin. The design of each nozzle would generate a unique assemblage of
CO, droplets at each release rate. As indicated in Table 4-1, the CO, would be released from the
nozzle at flow rates ranging from about 1.6 gallons per minute (0.1 kilograms per second) to 15.8
galons per minute (1.0 kilograms per second). Typically, each test sequence would be conducted
over the course of afew days. However, unusual weather or other factors could prolong the duration
of atest sequence.

Following each release, two distinct regimes of CO, behavior would result. The first regime would
consist of rising droplets of liquid CO,, with some droplets covered with hydrate films. The release
rate and the design of the nozzle would largely control both the size and shape of the droplets and the
extent of hydrate formation. Trﬁ planned flow regimes and nozzle designs would be established to
control the formation of “dush.”

The second regime would result as the buoyant droplets rise after being released from the injection
nozzle. The droplets would gradually dissolve in seawater, because the natural concentration of
inorganic carbon in ambient seawater is orders of magnitude below the solubility limit for liquid CO..
As discussed in more detail in Chapter 5, at the release rates planned for the Field Experiment, the
vertical rise of the liquid CO, droplets would cease within 1,000 feet (~300 meters) from the nozzle.

The dynamics of the ascending droplets would be complex, with some seawater being entrained
upward by the momentum of the rising droplets. CO,-enriched water along the edges of the rising
plume would sink as dissolved concentrations of carbon in it increase. Thisrelatively dense, carbon-
rich seawater would stop sinking when sufficient mixing with lighter ambient seawater would bring
the mixture to a neutrally buoyant equilibrium. Then, the carbon-rich water would drift with the
current while being diluted further by turbulence. The predicted behavior of the discharge plume is
discussed in Section[5.2.1.4

4343 Monitoring

During each test, staff on the vessel deploying the platform would: operate and monitor the CO,
pump system and nozzle flow rate; maintain the vessel’s position; and interface with project
administrators and the ships from which the ROV s would operate.

The crew and staff of the vessel or vessels deploying the survey systems would: make ocean
measurements; control and monitor the system location, provide feedback concerning the behavior of
the release and the condition of the discharge platform; visually monitor the behavior of megafauna
near the test release; and conduct related tests and measurements. Sampling bottles would be
deployed and retrieved from the research vessels to collect water and sediment for chemical and
biological (bacterial) analysis. Conductivity, temperature, and depth (CTD) measurements from the

1 ROV's or submersibles would collect data during the Field Experiment. The vessal deploying the platform would not
remain directly overhead while these instrument systems are operated to avoid the possibility of becoming entangled with
the tubing or cables or collision with the ship itself.

12 9lush in this context is an ice-like mixture of seawater and CO, where the two are bonded closely together.
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research vessel would supplement the data obtained from small sensors moored temporarily on the
bottom and from the mobile survey systems (ROV s and submersible).

The CO, droplets would be visible and tracked directly using video equipment. Dissolved carbon in
the carbon-rich water plume would not be visible and would need to be monitored indirectly. Since
CO, would increase acidity (lower pH) of the seawater as it dissolves, the plume would be
distinguished from normal seawater by measuring the pH. Non-toxic tracers, such as fluorescent
dyes, might be added to the CO, to facilitate optical monitoring.

Instruments mounted on mobile survey systems and instrument arrays moored temporarily on the
seafloor would be used to monitor ambient conditions. The ROV instrument package would probably
include video, conventional salinity, temperature, and pH probes. The instrument package might also
include a modified Acoustic Doppler Velocimeter (ADV).

Data collected during each test would be used to produce detailed maps of the parameters under
scientific investigation (e.g., pH, temperature, and salinity) and of the current fields. The mobile
video systems and video lamps would provide flow images of the CO, droplet evolution over time.
The ADV would obtain point measurements of fluid velocities for use in evaluating turbulence within
the discharge plume. Small transponders on the seafloor would be used to track the underwater
position of the mobile systems.

Data obtained on CO, droplet cloud dynamics, effects of hydrate films on droplet dissolution, and
three-dimensional mapping of the dispersing, CO,-enriched seawater would be used to assess the
physical and chemical effects of CO, sequestration in ocean water.

To assess potential impacts of CO, sequestration on environmental health, variations in bacteria
biomass, productivity, and growth efficiency would be determined and compared to water column
pH. Measurement of nutrients (dissolved and particulate organic carbon and organic nitrogen) would
be conducted for corollary anayses. These measurements would identify changes in substrate
availability that could ater bacterial activity during injection of CO,. The analyses of bacterial
cycling rates would be combined with an analysis of the variation in bacteria genetic diversity to
interpret stresses that might arise from pH changes. This information would provide a better
understanding of the effect of water column acidification on the lowest levels of marine food chains.

Data would aso be collected to confirm that the experiment preserves the water uses that the Water
Quality Standards (HAR 11-54) for the State of Hawai‘'i are intended to protect. The specific
monitoring program that would be conducted (which is outlined in Appendix C) has been developed
in consultation with the Department of Health, Clean Water Branch.

435 PosT TEST/SITE CLEAN-UP

Because of the deployment method planned, the discharge platform, nozzle, and tubing would be
removed from the seabed as soon as the test releases are completed. The small instrument packages
and transponders that would be deployed around the test area would also be retrieved.

4.3.6 LOGISTICAL SUPPORT

One of the advantages of a vessel-based experiment would be that the vessels provide portable
operations platforms. The specific types of required logistical facilities needed to support the vessels
would depend on the location of the experiment and on the specific research vessels that would be
used. However, the differences between conducting a vessel-based Field Experiment at different
ocean sites would be minor.

44 NOACTIONALTERNATIVE

Under the “No Action Alternative,” DOE would not participate in conduct of the Field Experiment,
wherein DOE would be one party in an international agreement for collaboration to investigate the
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technical feasibility and to improve the understanding of potentia environmental effects of ocean
sequestration of CO..

No Action by DOE would result in withdrawal from the Project Agreement for International
Collaboration on CO, Ocean Sequestration (see Appendix A), which would eliminate any role for the
United States in effectively contributing to the direction of the Field Experiment. No Action would
eliminate any official role for the U.S. government in ensuring that the Field Experiment would be
conducted in a manner that (1) fully protects the interests of the United States and (2) fully and
effectively communicates information to the public and to potential policy makers on the implications
of both the Field Experiment and ocean sequestration of CO, as a viable option for controlling global
climate change. Selection of the No Action Alternative would also convey alack of commitment by
the United States to an international study directed at evaluating potential solutions to global
environmental problems and would diminish the role of the United States as a key leader in
addressing important environmental issues.

Since DOE is arelatively minor financia contributor to the Agreement, providing only about 22% of
the funding, the other parties to the Agreement could either provide the incremental funding needed
to conduct the Field Experiment in the absence of DOE or abandon plans for the Field Experiment. If
the other participants provide the U.S. share of funding for the Agreement, the environmental
consequences would be identical to those established for the Field Experiment in this Environmental
Assessment. The other parties to the Agreement would need to agree on a course of action in the
absence of participation by DOE.

45 COMPARISON OF ALTERNATIVES

compares potential environmental effects of the Vessal-Based Field Experiment at both
NELHA'’s Ocean Research Corridor site and a Generic Ocean site and of the No Action Alternative.
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Table4-2. Comparison of the Anticipated Impacts of Alternatives

FIELD EXPERIMENT FIELD EXPERIMENT NO
RESOURCE AFFECTED At Ocean Research Corridor Site At Generic Ocean Site ACTION
Marine W ali Cloud of liquid CO, droplets up to 1,000 feet from Cloud of liquid CO, droplets up to 1,000 feet from No or similar
arineWater Quality | gigsharge nozzle; temporary depression of pH discharge nozzle; temporary depression of pH effects
Seafl Local abrasion of surface due to platform and pipe Local abrasion of surface due to platform and pipe No or similar
oor emplacement and movement. emplacement and movement effects
Potential for stress and mortality on benthic life Potential for stress and mortality on benthic life No or similar
Benthic MarineLife | immediately beneath discharge platform & pipelineand | immediately beneath discharge platform & pipeline and effects
in areas subject to pH below 6.5 in areas subject to pH below 6.5
Deep-Water Pelagic Marine | Very small loss of plankton and minor effects on mobile | Very small loss of plankton and minor effects on mobile | No or similar
Life | organism communities organism communities effects
Midwater Marine Life | Very minor stress on loca plankton populations Very minor stress on local plankton populations :;lr?e(é:ss milar
Surface-Water MarineLife | No adverse effects No adverse effects glf?eg::' milar
. L . No effects on archaeological or historic sites.
Historical and Cultural No eff_ects on archaeplogl_cal or historic sites. Native Depending upon location, native groups could believeit | No or similar
Resour ces Hawailan groups believe it would adversely affect would adversely affect cultural values and fishing and effects
cultural values and fishing and other traditional uses Versely 9
other traditional uses.
. ali 4l Emissions from engine exhaust. Experiment would help | Emissions from engine exhaust. Experiment would help | No or similar
Air Quality an imate improve models used to eval uate climate change. improve models used to eval uate climate change. effects
. No or similar
Noise | No adverse effects No adverse effects effects
Marine T . Slightly increased vessel traffic for short periods during | Slightly increased vessdl traffic for short periodsduring | No or similar
arine Transportation | v, \week experiment; some limits on vessel movement. | two-week experiment; some limits on vessel movement. | effects
Land Use | No effects No effects No effects
Aesthetic Resources | No effects No effects No effects
Inputs of goods and servicesto Hawai'i communities; Inputs of goods and services to communities; No or similar
Socioeconomic Resources | expenditures for goods where test equipment would be expenditures for goods where test equipment would be effects
manufactured. manufactured.
Public Facilitiesand Services | No effects No effects No effects
Public Safety & Health | No effects No effects No effects

Note:

If, under the No Action Alternative the experiment would be performed without DOE support, then the anticipated impacts would be essentially the same as for the NELHA Ocean Research Corridor site.
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50 AFFECTED ENVIRONMENT & ENVIRONMENTAL
CONSEQUENCES

This chapter discusses effects of the alternatives described in Section 4. Section contains an
overview of the most relevant features of the environments that might be affected. Sections
through discuss anticipated environmental impacts on natural and human resources. Section
discusses Environmental Justice issues as required by Executive Order 12898. Section [5.15
summarizes pollution prevention measures that would be employed.

The discussion concentrates on the key resources that have the potentia to be affected by the Field
Experiment. These include ocean water quality, benthic and pelagic biota, traditional cultural
resources, and recreational and commercial uses of the ocean waters near the experiment. Factors
likely to be affected to a lesser degree by the proposed activities are discussed in less detail. These
include ocean navigation while the experiment is underway, health and safety, and historic and
cu