w-o. Noenonald Oaanic awfd Qimosphoric Odminisstration .
O’W“ﬂ Ot Minoralss ang WM :

"y

[

ENERGY METALSENERGY METALS
METALS ENERGY METALSENET;

ENERGY METAL“ -NERGY METALS
METALSENER™  “TALSENERGY

ENERGYME SCYMETALS
METALSEM SENERGY
ENERGY 'METALS
META _ NERGY
ENERGY M 5YMETALS

- -
- -
N““
W . -
N\ N -

Ocean Thermal Energy Conversion

Final Environmental Impact Statement

7@ U-S. DEPARTMENT OF COMMERCE
5 @ National Oceanic and Atmospheric Administration

§U Office of Ocean Minerals and Energy
e July 1981



METRIC CONVERSION FACTORS

Approximate Conversions tc Metric Measure

Symbol When You Know
in inches

ft feet

vd yards

fm fathoms

mi statute miles
nmi nautical miles¥

Multiply by

LENGTH

1.9

%1 nautical mile = 6,076 fest = 1.15 statute miles

.2 .

in square inches

712 square feet

yd2 square yards

mi square miles

nmi square nautical miles
oz ounces

Ib pounds

short tons (2.000 ib)

t
1 tonne = 1,000 kg = 1 metric ton

AREA

6.5
0.09
0.8
2.6
34

MASS (weight)

28.
0.45
0.8

VOLUME

30.
0.47
0.95
3.8

0.004
0.03
0.76

JTo Find

centimeters
centimeters
metars
meters
kilometers

kilometers

square centimeters
square meters
square meters
square kilometers

square k ilometers

grams
kilograms

T
tonnes

milliliters
liters

liters

Liters

cubic meters
cubic meters

cubic meters

TEMPERATURE (exact)

floz fluid ounces

pt pints

qt quarts

ga! gallons

gal gallons

ft3 cubic feet

yd 3 cubic yards

OF Fahrenheit temperature
in/sec inches per second
ft/sec feet per second
ft/min feet per minute
mph m.les per hour

kn knots sk k

kn knots {nautical miies per hour)

% %1 knot = 1.15 mph

gal/sec ga'lons per second
1,

galfsec gailons per second

gatymin gallons per minute

0.55 (%) —32

VELOCITY

FLOW RATE

38
0.004
0.004

Celsius temperature

Symboi

cm
cm

km
km

m

km2

km

-T-~3
w 2

333

w

centimeters per second
centimeters per second
centimeters per second

kilometers per hour

centimeters per second

k ilometers per hour

liters per second

cm/sec
cm/sec
em/sec

cm/sec
kph

I/sec

3
cubic meters per second” m’ /sec

3, .
cubic meters per minute m /min

Approximate Conversions from Metric Measure

Symbot When You Know Multiply by
mm millimeters 0.04

cm centimeters 0.4

m meters 3.3

m meters 11

m meters 0.6

km kilometers 0.6

km kilometers 0s

To Find
LENGTH

inches

inches

feet

yards

fathoms

statute miles
nautical milas %k

*i nautical mile = 6,076 feet = 1.156 statute miles

AREA

square inches
square feet
square yards
square miles

square nauticatl miles

MASS (weight)

ounces
pounds

short tons (2.000 Ib)

VOLUME

fluid ounces
pints

quarts
gallons

gallons
cubic feet

cubic yards

TEMPERATURE (exact)

cm square centimeters 0.16
m2 square meters 1.

m square meters 1.2
km square kilometers 0.4
km square kilometers 0.3
9 grams 0.4
kg kilograms 2.2
t tonnes' 1.1
'1 tonne = 1,000 kg = 1 metric ton

mi milliliters 0.03
| liters 2.1

i liters 1.1

| titers 0.3

3 .

m cubic meters 264
m3 cubic meters 35.
m3 cubic meters 1.3
[} "

C Celsius temperature
cm/sec centimeters per sacond 0.4
cm/sec centimeters per second 0.03
cm/sec centimeters per second 2.0
cm/sec centimeters per second 0.02
kph kilometers per hour 0.6
kph kilometers per hour 05

* ¥ knot = 1.15 mph

V/sec liters per second 0.3

3
m” /sec cubic meters per second 264

3
m /min cubic meters per minute 264

18 (%) +32

Fahrenheit temperature
VELOCITY

inches per second

feet per second

feet per minute

knots (nautical miles per hr)**
miles per hour

knots

FLOW RATE

galions per second
gatlons per sacond

gallons per sacond

Symbo!

in
in
ft
yd
fm
mi
nmi

in2
"2
vd2
mi

nmi

oz
ib

in/sec
ft/sec
ft/min
kn
mph
kn

gai/sec
gal/sac

gal/min
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SUMMARY

This Environmental Impact Statement (EIS) is prepared in compliance with
the National Environmental Policy Act of 1969 (NEPA), as amended, which
requires an EIS for each major Federal action that significantly affects the
quality of the human environmente. This EIS considers the reasonably
foreseeable environmental consequences inherent to commercial Ocean Thermal
Energy Conversion (OTEC) development by the year 2000 under the legal regime
established by the OTEC Act of 1980. Regulatory alternatives for mitigating
adverse environmental impacts associated with construction, deployment, and
operation of commercial OTEC plants are evaluated, and the preferred

regulatory alternative is identified.

The information contained in this EIS is being used to help identify the
research needs for an environmental research plan required by the OTEC Act of
1980, and to develop a technical support document that will provide guidance
regarding the types of environmental information that might be submitted with

an OTEC application.

Purpose of and Need for Proposed Action

In response to the demonstration of OTEC as a viable alternate energy
source by the U.S. Department of Energy’s OTEC program, Congress enacted two
public laws to accelerate and facilitate OTEC development as a commercial
energy technology. The OTEC Research, Development, and Demonstration Act (PL
96-310) calls for the acceleration of OTEC technology development to meet
specific national energy goals. The OTEC Act of 1980 (PL 96-320) requires
the establishment of a legal regime to permit and encourage commercial OTEC

development.
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The proposed action considered in this EIS is the establishment of a
commercial OTECVIegal regime by the Administrator of the National Oceanic and
Atmospheric Administration (NOAA). The purpose of the proposed action is to
promote energy self-sufficiency for the United States, protect the environ—~
ment, and authorize and regulate OTEC activities subject to the jurisdiction
of the OTEC Act through a one-step licensing system. The need for the legal
regime is to ensure that commercial OTEC development will have due regard for
the marine environment, other ocean uses, special interests of the United

States, and rights and responsibilities of adjacent coastal states.

Initially, the cost of OTEC-generated electricity will be high, but will
decrease as OTEC technology progresses. Because electricity in the United
States’ tropical-subtropical island communities is more expensive than on the
mainland, OTEC-generated electricity will become cost~competitive with
conventional power sources sooner in these areas. As conventional power
costs continue to increase, commercialization of OTEC in the continental
United States will become viable. A possible deployment scenario projects
that twenty-five OTEC plants producing baseload electricity could be in
operation in the Gulf of Mexico, Puerto Rico, the U.S. Virgin Islands, the
Hawaiian Islands, Guam, and the Northern Mariana Islands by the year 2000,
with a total output of 2100 megawatts (MWe). The energy-intensive product
scenario projects that eighteen 500-MWe ammonia-producing plantships and
three 400-MWe aluminum-producing plantships could be deployed by the year
2000.

Commercial OTEC plants utilize the temperature differential between warm
surface and cold deep-ocean waters to produce electric power. Several
different OTEC platform configurations and power cycle designs can be used to
produce electric power from the thermal gradients in the tropical-subtropical
oceans. The electricity produced could be delivered to local power grids
directly (for land-based plants) or by means of submarine transmission
cables. OTEC-produced electricity could also be used for the production of
energy-intensive products, such as ammonia or aluminum, on plantships

utilizing the thermal resources far from shore.
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To utilize the ocean’s thermal resource for the production of electricity,
OTEC plants must draw large volumes of warm, near-surface water and cold,
deep water across evaporator and condenser heat exchangers, respectively.
The volume of water required for OTEC plant operation decreases as the heat
exchanger efficiency and the thermal gradient increases. Assuming a
conservative thermal resource gradient of ZOOC, a 400~MWe OTEC plant would
require a total volume of water equivalent to 20% of the average flow of the

Mississippi River.

Alternatives to the Proposed Action

The alternative to establishing a legal regime that permits and encourages
the commercial development of OTEC is the no-action alternative. Under the
no-action alternative, NOAA would not issue regulations to implement the OTEC

Act of 1980. The no-action alternative would result in:

] Use of existing regulations, which were not specifically prepared
for the unique characteristics of OTEC, for controlling the use

of the environment and preventing adverse environmental impacts.

® Discouraged development of OTEC as a commercial energy industry
which could:

Continue the dependence of the United States on imported
0il and other energy sources which pose higher

environmental and economic risks than OTEC.

Discourage the development of industries that would

construct, assemble, operate, and maintain OTEC plants.

For these reasons, the preferred alternative in this EIS is the establishment

of a legal regime that permits and encourages commercial OTEC development.



The options for the siting, design, and operation of OTEC plants provide
considerations for formulating regulatory alternatives within the proposed
action from which the preferred legal regime can be selected. 1In general,
OTEC operation sites must be chosen from candidate sites on the basis of

siting considerations which:

) Prevent dinterference with other ocean-~use areas, such as
shipping lanes, military zZones, marine sanctuaries,
ocean disposal sites, commercial and recreational fisheries,

ecologically-sensitive areas, and recreational areas.
e Minimize environmental disturbances.
e Minimize thermal inteference between OTEC plants.

Operation of single and multiple OTEC plants could result in adverse
environmental effects. The magnitude of the potential impacts could be
reduced by implementing various technological alternatives, including the
utilization of various intake and discharge structure designs and biocide
release methods. Alternative vregulatory approaches for protecting the
environment through siting and plant design include the detailed regulation
approach, the moderate regulation approach, and the minimal regulation

approach.

Under the detailed regulation approach, the regulations would contain
detailed substantive provisions applying to all OTEC plant designs and siting
environments. Specific design and siting regulations could be too rigorous,
thereby unnecessarily increasing plant construction costs and reducing

flexibility in siting and plant design.

The moderate regulations would contain specific guidelines and performance
standards applying to all OTEC plants within a general ecosystem. This
approach is commonly used to regulate mature, stable industries in which the
nature of the technology and resulting environmental impacts are known.
Uniform guidelines and performance standards could restrict the flexibility
and experimentation required to develop OTEC as a commercial energy

technology.
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Under the minimal regulation alternative, minimal guidelines encomnassing
existing regulations would be prescribed in advance, with additional
regulations developed, as required, on a case~by-case basis for inclusion as
terms and conditions of a 1license. The minimal regulation alternative
results in maximum flexibility to deal with site-specific environmental

concerns, while still encouraging development of the nascent OTEC industry.

Because monitoring 1is required in all three alternate regulatory
approaches and the minimal regulation alternative preserves the flexibility
to deal effectively with site-specific environmental concerns, it is the
preferred alternative. The minimal regulatory system would accomplish the
goals of the OTEC Act of 1980 without interfering with technological
innovations and responsible experimentation, which are part of the

development of a new commercial power industrye.
Affected Environment

Generically describing the atmospheric, marine, and coastal environmental‘
conditions within the OTEC thermal resource area is critical for assessing
environmental consequences of commercial OTEC development. The candidate
regions likely to be used for commercial OTEC power production by the year
2000 include the eastern Gulf of Mexico, several island communities (Puerto
Rico, U.S. Virgin Islands, Hawaiian Islands, Guam, and the Pacific Trust

Territories), and various plantship areas located in the open ocean.

Climates within the OTEC resource area are influenced by large-scale
atmospheric patterns, the sea-surface temperature of surrounding ocean
waters, an& the proximity of 1landmasses. Large~scale  atmospheric
disturbances (tropical cyclomnes) are commonly observed throughout the year in
various parts of the OTEC thermal resource area, but are most frequent in the
eastern and western North Pacific. Hurricanes are frequent occurrences in

the Gulf of Mexico.



In general, the marine environment is composed of nearshore and offshore
environments. The nearshore environment extends from the shoreline seaward
to the continental shelf break and is influenced by continental conditions
such as terrestrial runoff, tidal mixing, and coastal upwelling. The
nearshore environment tends to be highly productive and is the location of
the major world fisheries. The offshore enviromment is minimally influenced
by continental conditions and is characterized by low productivity; however,
important commercial fisheries, (i.e., tuna) do exist in the offshore

environment.

The coastal environment includes the area that extends seaward and inland
from the shoreline and includes the nearshore marine and terrestrial
environments. The coastal environment is heavily used by man for wvarious
commercial, recreational, cultural, and military purposes, and contains many
ecologically-sensitive areas which may be affected by the deployment and

operation of OTEC plants.

Construction of land-based OTEC plants is most likely to occur in tropical
island communities that have an adequate thermal resource close to shore.
The terrestrial environments of these areas are diverse and support an
extensive flora and fauna with many endemic species. The coastlines of these

island communities range from minimally to extensively developed.

Environmental Consequences

Commercial OTEC development may potentially affect the atmosphere, the
terrestrial environment, the marine ecosystem, and wvarious human activities
in the vicinity of deployment and operation sites. The net environmental
impacts from commercial OTEC development are expected to be minimal compared
to the impacts from fossil-fuel and nuclear power production; however, there
are uncertainties associated with the withdrawal and redistribution of large

volumes of ocean water that must be better assessed.

Potential atmospheric effects from commercial OTEC development, although

less that those from equivalent fossil fuel combustion, include climatic

viii




disturbances resulting from carbon dioxide releases and sea-surface tem-—
perature cooling. Significant atmospheric effects are not expected to oc-
cur as a result of single-plant deployments; however, under extensive devel-
opment scenarios, carbon dioxide releases and sea-surface cooling from
multiple-plant deployments may combine synergistically to cause climatic
alterations. Additionally, if chlorofluorocarbons such as the Freons' are
used as working fluids for closed-cycle OTEC plants, accidental releases
to the atmosphere could deplete ozone concentrations and pose some risks

to human and plant life.

Construction of land-based OTEC plants may necessitate the destruction of
existing terrestrial habitats and may have a local effect on noise levels,
air quality, and the aesthetic quality of the construction area. These

impacts will be similar to those from constructing conventional power plants.

The majority of environmental effects associated with commercial OTEC
development center on the marine ecosystem, since it is the source of evapo-
rating and condensing waters and the receiver of effluent waters used by the
plant. Marine environmental effects associated with commercial OTEC develop-
ment can be categorized as: (1) major (those potentially causing significant
environmental impacts), (2) minor (those causing insignificant environmental
disturbances), and (3) potential (those occurring only during accidents).
OTEC activities that cause environmental effects corresponding to these

categories include:

Major Effects:

e Platform presence - Biota attraction

e Withdrawal of surface - Organism entrainment and
and deep ocean waters impingement

e Discharge of waters - Nutrient redistribution

resulting in increased

productivity

e Biocide release = Organism toxic reponse



Minor Effects:

] Protéctive hull=coating Concentration of trace
release metals in organism tissues

e Power cycle erosion and Effect of trace constituent
corrosion release

e Implantation of cold- Habitat destruction and
water pipe and trans- turbidity during dredging
mission cable

o Low-frequency sound Interference with marine
production life

e Discharge of surfactants Organism toxic response

° Open-cycle plant Alteration of oxygen and

operation

Potential Effects from Accidents:

salt concentrations in

downstream waters

e Potential working fluid Organism toxic response
release from spills and
leaks

¢ Potential oil releases - Organism toxic response

Nekton populations will increase in the wvicinity of the plant because of
attraction to structure and lights, but will decrease in downstream areas as
a result of entrainment of egg and larval stages and impingement of juvenile
and adult stages. Plankton populations will be reduced immediately down-
stream of OTEC plants, because of entrainment and biocide release; however,

the redistribution of nutrient-rich deep water into the photic zone may




stimilate plankton productivity, ultimately increasing plankton populations
and fisheries. Benthic community effects will center primarily on their
planktonic larval stages (meroplankton), potentially reducing recruitment
stocks and adult benthic populations downstream of the plant. The cumulative
effect of commercial OTEC development near island environments may signifi-
cantly affect terrestrial and coastal threatened and endangered species
at some sites. Commercial OTEC plant operation in oceanic regions, however, is

not expected to significantly affect local threatened and endangered species.

The magnitude of potentially adverse impacts can be mitigated or reduced
by implementing various siting and technology alternatives. Siting OTEC
plants away from commercially-important, ecologically-sensitive, and
biologically-productive areas will reduce the effects of biota attraction and
avoidance, organism impingement and entrainment, and biocide release.
Organism avoidance of OTEC plants can be minimized by reducing lights and
noise on the platform to minimal levels required for safe plant operation.
Organism impingement and entrainment may be reduced by siting intake
structures at depths having the least number of organisms and by using
velocity caps to achieve horizontal flow fields. However, the results of

entraimment on productivity and fisheries must be better assessed.

Adverse environmental effects resulting from biocide release, sea-surface
temperature alterations, and nutrient redistribution may be reduced by dis-
charging the effluent waters below the photic zone. Employing alternate
biocide concentrations and release schedules will minimize the effects of
biocide release. However, biocide usage is of key concern and should be

minimized to the extent practicable.

OTEC plant components will be manufactured at shipyards and industrial
facilities in island communities and the continental United States. The
manufacture and assembly of OTEC plants, and the modification of existing
harbors and shipyard facilities, will result in the creation of
construction~related jobs. The projected job impact of OTEC plant
construction will be significant for large depressed city areas, where most
shipyards are located. Approximately 2,000 worker-years of shipyard
employment would be required to construct a 40-MWe plantship. Operation and

support of OTEC plants will create additional employment opportunities.
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Indirect effects of commercial OTEC development may result from the
manufacture of OTEC plants, alterations in existing resource demands, and
increased demands on the communities where OTEC plants are developed.
Without careful planning, the construction and operation of OTEC plants
may adversely impact the carrying capacities and quality of life of certain
communities. However, with proper planning, commercial OTEC development will
have a positive influence on island economies by initiating a process for
obtaining total energy independence, thereby creating long—term price stabi-
lity for economic development. Generally, the island communities of the
United States suitable for OTEC development are almost totally dependent

upon imported oil, with few other viable alternatives available.

Organization of the Environmental Impact Statement

Chapter 1 specifies the purpose of and need for the proposed action, dis-~
cusses legislation related to commercial OTEC development, describes OTEC
technology, and presents a possible commercial OTEC deployment scenario.
Chapter 2 identifies and evaluates alternatives to the proposed action, and
describes the preferred regulatory approach that provides the maximum flexi-
bility for OTEC siting and technology design, while maintaining environmental
quality. Chapter 3 generically describes the atmospheric, marine, and
coastal environments of the OTEC thermal resource area targeted for commer-
cial OTEC development. Chapter 4 analyzes the environmental consequences and
summarizes the cumulative environmental effects of commercial OTEC develop-
ment. Chapter 5 identifies the principal and contributing authors of the
EIS. Chapter 6 lists the agencies and individuals to whom the final EIS was
sent. Chapter 7 contains a glossary, a list of abbreviations, and a list of

references cited.

Several appendixes are included: Appendix A contains the texts of the
OTEC Act of 1980 (PL 96-320) and the OTEC Research, Development, and Demon-
stration Act (PL 96-310). Appendix B summarizes the status of OTEC develop-
ment. Appendix C contains maps of the areas where OTEC commercialization is
most probable. Appendix D presents the calculations used in impact evalua-
tion. Appendix E contains comments received on the draft EIS and NOAA's

responses to them.
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Chapter 1

PURPOSE OF AND NEED FOR THE PROPOSED ACTION

As the supply of nonrenewable fuels is depleted and the
cost of foreign oil increases, the development of OTEC as
a commercial energy technology is becoming increasingly
important. A legal regime is mnecessary to permit and
encourage commercial OTEC development with due regard for
protection of the marine environment and other ocean
uses. The purpose of this EIS is to identify and assess
the environmental effects of commercial OTEC development
and evaluate regulatory altermatives that prevent, miti-
gate, or reduce significant impacts. This chapter dis-
cusses the status of the OTEC program, describes probable
OTEC technology, and presents a possible deployment
scenario to the year 2000.

1.1 INTRODUCTION

Ocean thermal energy conversion (OTEC) is a technique for the production
of power using the temperature differential between warm surface and cold
deep-ocean waters. The proposed action in this Environmental Impact State-
ment (EIS) is the establishment of a legal regime by the Administrator of the
National Oceanic and Atmospheric Administration (NOAA), as directed by the
OTEC Act of 1980 (PL 96-320), to permit and encourage the commercial develop-
ment of OTEC. The purpose of this EIS is to evaluate the generic environ-
mental effects of commercial OTEC development, identify significant
environmental impacts, and to evaluate alternate regulatory approaches which
could mitigate or reduce adverse effects. This EIS is prepared in compliance
with the National Environmental Policy Act of 1969, which requires an EIS for
each major Federal action that significantly affects the quality of the human

environment. This EIS is programmatic in scope, considering the reasonably
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foreseeable environmental consequences associated with commercial OTEC
development, subject to the jurisdiction of the OTEC Act, in tropical and
subtropical waters by the year 2000.

The purpose of the proposed action is to promote energy self-sufficiency
for the United States, protect the environment, and authorize and regulate
commercial OTEC activities conducted by United States citizens. The proposed
action will provide a one~step licensing system, allowing an applicant to
file a single application for an OTEC plant license which encompasses
licenses and permits from all involved Federal agencies, with the exception

of the U.S. Coast Guard.

The need for commercial OTEC development, as specified in the OTEC

Research, Development, and Demonstration Act (PL 96-310), is evident because:

e 0il imported by the United States will continue to increase in

price.

° The supply of nonrenewable fuels in the United States and

throughout the world is slowly being depleted.

] OTEC is a remewable energy resource that can make a significant

contribution to the United States’ energy needs.

A 400 megawatt (MWe) OTEC plant could power approximately 6 x 104
households for a year, saving 2 x 106 metric tons of coal or 6 x 106
barrels of oil per year. A 500-MWe OTEC plant producing ammonia would save 6
X 108 m3 of natural gas per year; a 400-MWe OTEC plant producing aluminum
would save 2 x 1013 m3 of natural gas per year (Appendix D). Therefore,

it is in the national interest to accelerate efforts to commercialize OTEC.

As mandated in the OTEC Act of 1980 (PL 96-320), the Administrator of NOAA
will, after consultation with the Secretary of Energy, State and Federal
government officials, and interested members of the general public, promul-

gate licensing regulations for commercial OTEC development. These regula-

—
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tions will pertain to issuance, transfer, renewal, suspension, and termina-
tion of licenses and will establish procedures for the location, construc-
tion, ownership, and operation of OTEC facilities that are: (1) documented
under U.S. law, (2) constructed, owned, or operated by U.S. citizens, (3)
within the territorial seas of the United States, or (4) connected to the

United States by pipeline or cable.

The legal regime is needed to ensure that commercial OTEC development will
have due regard for: (1) the coastal marine and oceanic environment, (2)
other coastal, marine, and high sea uses, (3) the overall interests of the
United States, and (4) the rights and responsibilities of adjacent coastal

states (e.g., coastal zone management).

1.2 OTEC LEGISLATION AND CONCEPT DEVELOPMENT

OTEC funding was initiated in 1972 by the National Science Foundation’s
Research Applied to National Needs (RANN) Program. Since 1972, OTEC develop-

ment has passed several major program milestones:

e Operation of Mini-OTEC as the world’s first successful closed-
cycle OTEC plant (50 kilowatts (kWe), gross) to produce net
energy at sea (Donat et al., 1980).

e Operation of the preoperational 1-MWe test platform (Ocean

Energy Converter) for testing heat-exchanger materials and

performing biofouling tests (DOE, 1979b; Sinay-Friedman, 1979).

] Construction of Stage 1 of the Seacoast Test Facility that will

perform biofouling and corrosion experiments (ANL, 1980).

The Department of Energy (DOE) OTEC program, whose goal is to demonstrate
the technological, economical, and envirommental feasibility of OTEC power-
plants (DOE, 1979a), is proceeding through interrelated subprograms of stra-

tegy and definition planning, engineering development and demonstration, and
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technology development. The demonstration of at least one 40-MWe (net) pilot
plant by 1986 is planned.

In response to the progress being made in OTEC technology development, the
U.S. Congress enacted two public laws to spur development of OTEC as a
commercial energy technology £for electrical power production: the OTEC
Research, Development, and Demonstration Act (PL 96-310, signed into law
July 17 1980) and the OTEC Act of 1980 (PL 96-320, signed into law August 3
1980). The complete texts of these laws are included as Appendix A.

The OTEC Research, Development, and Demonstration Act calls for the accel-
eration of OTEC technology development to provide a technical base to meet

the following energy production goals:

e Demonstration by 1986 of at least 100 MWe of OTEC electrical
capacity or energy product equivalent (approximately 0.04% of

the projected U.S. energy demand).

e Demonstration by 1989 of at least 500 MWe of OTEC electrical
capacity or energy product equivalent (approximately 0.2% of

the projected U.S. energy demand).

¢ An average <cost of OTEC electricity or energy~product
equivalent that is competitive, by the mid-1990"s, with
conventional energy sources in the Gulf Coast region, islands,

and possessions and territories of the United States.

e Establishment of a national goal of 10,000 MWe (10 gigawatts;
GWe) of OTEC electrical capacity or energy product equivalent
by the year 1999 (approximately 3% of the projected U.S. energy

demand) .



The OTEC development schedule to the year 2000 is shown in Figure 1-1 and

reflects these energy production goals and the program milestones achieved to

date. The current status of OTEC development is discussed in Appendix B.

The OTEC Act of 1980 directs:

The Administrator of NOAA to establish a stable legal regime

to foster commercial development of OTEC by (1) implementing a
licensing program, (2) preparing an environmental impact statement
covering each license application, (3) establishing a compliance
monitoring program, and (4) conducting necessary environmental
research on OTEC effects (Sections 102, 107, and 110).

The Secretary of the department in which the Coast Guard is
operating to establish and enforce procedures with respect to

OTEC facilities and plantships to:

- Promote safety of 1life and property at sea by lights and
other warning devices, safety equipment, and designation
of safety =zomnes of appropriate size for OTEC operations.
Permitted activities within such zones will be consistent
with the purpose for which the 2zone was designated

(Section 108(a)).

- Prevent pollution of the marine environment

(Section 108(a)).

- Clean up any pollutants that may be discharged from OTEC
plants (Section 108(a)).

- Prevent or minimize any adverse impacts from construction

and operation of OTEC plants (Section 108(a)).
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- Ensure that the thermal plume of an OTEC plantship does
not unreasonably impinge on and thus degrade the thermal
gradient used by any other OTEC plantship or facility or
the territorial sea or area of national resource juris-
diction of any other nation unless the Secretary of State
has approved such impingement after consultation with such

nation (Section 109(c)).

° The Administrator of NOAA and the Secretary of the department
in which the Coast Guard is operating to share responsibilities

for enforcement of regulations under the Act (Section 303(a)).

e The Secretary of State, in cooperation with the Administrator
of NOAA and the Secretary of the department in which the Coast
Guard is operating, to conduct international negotiations as
necessary to assure noninterference between OTEC plants, safety
of navigation, and resolution of other matters relating to OTEC
plants that need to be resolved by international agreement

(Section 402).

] The Secretary of Energy to establish and enforce standards and
regulations necessary for safe construction and operation of
submarine electrical transmission cables and equipment asso-

ciated with OTEC plants (Section 404(a)).
1.3 TECHNOLOGY DESCRIPTION

OTEC employs the temperature differential between warm surface and cold
deep-ocean waters to produce electric power. The electricity can be supplied
to a local power grid or used for the production of energy-intensive products
(e.g., ammonia, aluminum) that can be sent to domestic or foreign markets via
conventional marine transportation methods. A large number of OTEC platform
designs and power cycles have been studied. Although the designs differ, the

engineering features that must be described for assessment of potential




environmental impacts or risk of credible accidents are similar. This
section describes the various platforms and power systems that may be used
for commercial OTEC plants. Because OTEC is presently a rapidly changing
technology, description of specific plant components and details does not

exclude technology which might change or become obsolete.

1.3.1 OTEC Plant Configuration

Specific descriptions of important OTEC plant components, including
platform configurations, intake structures, discharge structures, and sub-

marine transmission cables, are presented in the following subsections.

1.3.1.1 Platform Description -~ Several types of OTEC platform configurations

have been studied, including the moored platform, bottom-resting tower,
land-based plant, and grazing plantship. Following basic construction
standards, all types of plants are expected to be designed to survive
100-year storms and other catastrophic events at the selected sites (e.g.,

earthquakes and extreme winds, waves, and currents).

Moored Platforms -~ Moored OTEC platforms are floating structures that are

attached to the seabed by mooring lines. Moored platforms may have four
basic hull configurations: rectangular, cylindrical, spherical, or disc; and

may be surface-floating, semisubmerged, or totally submerged (Figure 1-2).

Riser cable systems may be used to link moored OTEC plants to high-voltage
transmission cables on the seafloor. The riser cables must withstand
stresses from current drag, strumming, platform motions, corrosion, and bio-
fouling growth. The cables must be designed to withstand abrasion at the
touchdown point caused by the cable scouring the bottom as the platform moves

through its watch circle.

Dynamically-Positioned Platform — Dynamically positioned platforms are

held in position by propeller thrusters and/or directional discharges.
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Figure 1-2. Moored OTEC Platform Designs
Source: DOE, 1978b
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Figure 1-3. Typical Bottom—Resting Tower Design
Source: Sullivan et al., 1980

A dynamically-positioned platform connected to a shore-based electrical grid
via riser and transmission cables has been proposed as a possible OTEC concept
(See Comment 15 in Appendix E). However, this application to OTEC facilities,
cable connected to shore, has not been proven to be technically feasible

without the use of a backup mooring system.

Bottom—Resting Tower - A bottom-resting tower (Figure 1-3) is a stationary

platform upon which an OTEC plant may be built. Freestanding-articulated or
derrick-type towers may be built in water depths less than 300 m. Guyed
towers, which use guy lines for added stability, may be installed in water

depths between 300 and 900 m. Shallow-water (less than 300 m depth) towers
will use a cold-water pipe that extends from the platform to the bottom, and
down the continental slope to the appropriate depth (Gibbs and Cox, 1979);
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deepwater (guyed) towers may incorporate the cold-water pipe in the tower
legs. Towers built on the outer continental shelf may employ tunnels drilled
through the seafloor to the appropriate depth instead of a conventional

cold-water pipe (Green et al., 1980).

Land-Based Platforms - Land-based platforms (Figure 1-4) must be construc-

ted at sea level to avoid large power losses due to the pumps (Brewer et al.,
1979). The electricity pfoduced could be 1linked directly into the power
grid. The warm water may be taken in through either an excavated channel or
through a pipe extending offshore. The cold-water intake may be a pipe
extending from the plant or a tunnel drilled through the seafloor down the
slope, to the appropriate depth. Due to plant configuration, warm and cold
water used by the plant will probably be discharged separately through
parallel pipes. It may be possible to discharge a portion of the nutrient-
rich condenser effluent into nearshore lagoons or holding tanks for mari-

culture of marine plants and animals, such as seaweed and oysters.

WO\
e A - \ Cold-Water Discharge (100 m)
\' \\k,
\ \’Fﬂ.) NN
o A

Warm-Water Discharge (100 m) N B

N
\j‘\' = "“ \ Cold-Water
AR * Intake (1000 m)
g ]

)
!
|

Figure 1-4. Typical Land-Based Design
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Plantships - OTEC grazing plantships (Figure 1-5) will produce energy-
intensive products (e.g., ammonia, aluminum). OTEC plantships will graze the
OTEC thermal resource area, using a ship-like hull configuration constructed
of prestressed reinforced concrete or steel. As shown in Figure 1-5, the
warm-water pumps could be in sponsons near the corners of the platform, with
the cold-water pipe attached midship and surrounded by the power system
(George and Richards, 1980).

INTAKE COLD
WATER

INTAKE

Figure 1-5. An QTEC Plantship Concept
Source: George et al., 1979

Plantships will house a plant capable of producing energy-intensive
products (e.g., ammonia, aluminum), which will be delivered to market by

ocean-going freighters or tankers. Ammonia (NH3) will probably be produced
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by the Haber process (DOE, 1977) in which pure hydrogen and nitrogen are
combined in a 3 to 1 ratio. Hydrogen will be obtained by the electrolysis of
desalinated seawater, while nitrogen will be extracted from the atmosphere by
liquification and fractional distillation (DOE, 1977). A 500-MWe plant
could produce approximately 5.2 x 107 metric tons of ammonia per year
(George and Richards, 1980). The United States' projected demand for
ammonia in 1981 is 1.9 x 10/ metric tons (White, 1981).

Aluminum will be produced from alumina (brought to the plantship by
freighter) using an electrolytic process. The conventional Hall process will
probably not be used due to space requirements and platform motion problems.
Two likely candidates for the electrolytic process are the drained-cathode
Hall process and the new Alcoa process. These processes have a higher energy
efficiency, require less deck area, and are tolerant of platform motions
(Jones et al., 1980). In the drained-cathode Hall process, alumina is
dissolved in cryolite and reduced to form molten aluminum. The Alcoa process
involves the electrolysis of aluminum chloride, which is formed by a prior
reaction wusing alumina (Mark, 1978). A 400~-MWe plantship could produce
approximately 3 x 105 metric tons of aluminum yearly (Jones et al., 1980),
resulting in the release of approximately 3.5 x 105 metric tons of carbon
dioxide per year. The United States” projected demand for aluminum in 1981

is 5.0 x 106 metric tons (St. Marie, 1981).

If required, energy—intensive products produced aboard a plantship could
be transported to a temporary storage and distribution base, such as Hawaii
for a plantship operating in the open Pacific. Following a second shipping,
final processing and distribution could then be accomplished at another base
in such a manner to optimize the OTEC plantship operation. Additionally,
grazing strategies will depend upon the spatial and temporal distribution
of, and relationships among the physical, chemical, and biological variables
over a resource area. For instance, selecting separate winter and summer

grazing sites may offer advantages.

1.3.1.2 1Intake Structure Description ~ OTEC plants require immense volumes

(10 m3 sec-l MWe—l) of warm and cold water for power production. The
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warm-water intake will withdraw water from the upper 50 m of the water column
at velocities ranging from 10 to 350 cm sec_1 (Sullivan and Sands, 1980b).
The cold resource water will be transported from below 500 m to the plant
through either a single large pipe or several smaller pipes. A single
cold-water pipe, constructed of concrete, steel, fiberglass, polyethylene, or
nylon fiber neoprene will have a diameter of approximately 10 m for a 40-MWe

plant, 15 m for a 100-MWe plant, and 30 m for a 400-MWe plant.

The warm and cold water withdrawn by an OTEC plant must be screened to
prevent intake of materials that could clog the heat exchangers. Bar
screens, consisting of vertical parallel bars positioned over the intake,
will be used at the warm- and cold-water intake openings to prevent passage
of very large objects. Fine-meshed screens will not be placed over the cold-
water intake because screen maintenance at great depth is not feasible.
Thus, either static (fixed wire-mesh) or traveling screens will be located in
sumps immediately before the condensers to remove materials that could clog
the heat exchangers. Screen mesh sizes are generally half the heat exchanger

tube diameter, or distance between the plates.

Land-based plants can use conventional intake configurations. The cold-
water pipe will extend to depth and use the same screening methods mentioned
above. The warm-water Iintake may be pipes or a channel. The channel intake
may use screens at several different locations to minimize the number of

organisms impinged against any one screen.

OTEC warm- and cold-water intakes may be bellshaped to reduce flow veloci-
ties, or may employ velocity caps, which produce horizontal flow fields much
more readily sensed and avoided by fish than vertical flows (Hansen, 1978).
In addition, there are a large number of auxiliary devices that may be incor-
porated into OTEC systems for lessening the number of organisms withdrawn by
the warm-water intakes. Several fish-protection systems may be employed,
including: (1) fish-collection and removal devices, (2) fish-diversion

barriers, and (3) fish-deterrence systems.
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1.3.1.3 Discharge Structure Description - A commercial OTEC plant may

discharge the warm and cold water at or mnear the thermocline to prevent
degradation of the thermal resource. Several different discharge configur-
ations have been considered, including mixed and separate discharges that
release either horizontally or vertically. Mixed discharges will dilute
nutrient-rich deep-ocean waters with nutrient-depleted surface waters, and
will minimize the temperature difference between the discharge plume and the
surrounding waters. Due to water density differences, mixed—-discharge waters
will stabilize at greater depths than the separate warm-water discharge and
at shallower depths than the cold-water discharge. A vertical discharge
structure injects the plume deep into the water column, potentially limiting
recirculation and nutrient enrichment in the photic =zone. A horizontal
discharge structure produces slightly larger dilutions than vertical

discharges (Ditmars and Paddock, 1979).

l.3.1.4 Protective Hull Coatings - To retard the buildup of macrofouling on

hull surfaces, which adds additional weight and drag to the platform and
increases the potential for component destruction by boring organisms,
protective hull coatings may be applied. Toxic coatings are not practical
for heat exchanger surfaces because their thickness interferes with heat
transfer. Protective hull coatings may incorporate heavy metal oxides,

organic compounds, or thermoplastic paints as their toxic constituent.

Protective hull coatings consist of a matrix containing a soluble toxic
constituent: either the toxic constituent diffuses out of the matrix, or the
entire coating gradually erodes to expose a fresh surface. Oxides of copper,
mercury, and zinc are often used. However, toxic metal oxides require a
protective primer coating when applied to metallic structures. Another
consideration with regard to heavy metal oxides is the Federal government
restriction of some paints (e.g., those based with mercury) because of

potential environmental effects (Jacoby, 1981).
Toxic organometallic compounds such as organotin, organolead, and

organotin fluorides are generally more effective protective coatings than

heavy metal oxides. The biocidal properties of these compounds have been
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demonstrated in the paper industry and in antifouling coverings (Luijten,
1972) . Montemarano and Dyckman (1973) and Castelli et al. (1975) reported
that organometallic coatings have longer periods of effectiveness, due
primarily to their constant leaching rate. Organometallic coatings leach
approximately one order of magnitude slower than heavy metal oxides
(Montemarano and Dyckman, 1973); no protective primer coats are needed with

organometallic coatings.

1.3.1.5 Electricity Transmission Cables - OTEC plants may supply baseload

electricity to electrical grids via submarine transmission cables. Moored
plants require both riser cables and bottom transmission cables, while
bottom~resting towers require only bottom cables. Two types of submarine
transmission cables being considered include the self-contained oil- or gas-
filled laminated dielectric cable and the extruded dielectric cable (Garrity
and Morello, 1979; Pieroni et al., 1979). Because of cost considerations,
cables probably will lie atop the seafloor, except in depths shallower than
100 m where they could be embedded 2 to 3 m into the substrate to avoid
interference with other marime activities and to avoid stresses related to
wave-induced forces. Cables may be imbedded at depths greater than 100 m
where their presence on the substratum would interfere with deep-ocean uses
such as trawling. Oil-filled dielectric cables have been used successfully
in traditional submarine cable crossings. However, no high~voltage power
cables have been laid to date at depths greater than 550 m (Pieroni et al.,
1979) .

1.3.2 Power-Cycle Description

This EIS considers all major power-system designs being considered for
commercial OTEC plants, including closed-cycle, open-cycle, hybrid-cycle,
mist-flow systems, and foam systems. Although the closed-cycle system has
received the most study and use to date, the other power cycle systems are
being evaluated for possible second-generation application, as warranted by
technological developments and analyses. A brief description of each of the

power cycles is presented in the following subsections.
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1.3.2.1 Closed=Cycle OTEC System - In the closed-cycle OTEC system, warm

water is pumped through a heat exchanger containing a working fluid. The
warm water vaporizes the working fluid, which drives a turbine and provides
electrical power. Once through the turbine, the working fluid wvapor passes
through another heat exchanger where it is condensed using cold seawater.
The condensed working fluid is then pumped back into the warm-water heat

exchanger for reuse (Figure 1-6).

The volumes of warm and cold water required for powering closed-cycle OTEC
plants are variable, depending on the adequacy of the thermal resource
gradient and efficiency of the heat exchangers and pumps. The volume of
water required decreases as the heat exchanger efficiency and the thermal
resource increases. Assuming a conservative thermal resource gradient of
20°C, the volumes of warm and cold water required for powering 40-, 100-,
and 400-MWe closed-cycle OTEC plants are listed in Table l-l. Based on these
flow rates, a 400-MWe plant would require a volume of water equivalent to 20%

of the average flow of the Mississippi River.

TABLE 1-~1
INTAKE AND MIXED DISCHARGE FLOW SUMMARY (m3 sec—l)
Closed~Cycle
Intake/Discharge 40-MWe 100-MWe 400-MWe
Warm Water Intake 200 500 2,000
Cold Water Intake 200 500 2,000
Mixed Discharge 400 1,000 4,000

Candidate working fluids for use with closed-cycle heat exchangers in-
clude ammonia, Freon 11, Freon"22, methyl chloride, methylene chloride,
nitrogen dioxide, methyl formate, methyl amine, and ethyl amine. The
Federal regulatory standing, physical characteristics, and human toxicity

of these fluids are listed in Table 1-2.

A major consideration in choosing a working fluid is the amount of heat

exchanger surface area required per kilowatt of net power produced. Ammonia
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TABLE 1-2. CHARACTERISTICS OF SOME CANDIDATE OTEC WORKING FLUIDS
Physical | Federal Water osHad
State¥® Regulation Solubility# Explosion Disaster 8~Hour Exposure | Human Carcino-
Fluid (20°0C) Standingd (in 100 ml H90) | Flammability** | Hazard** Hazard Limits (ppm) Toxicity**:€ | genicity**
AMMONTA Gas HAZARDOUS 90 g (09C) 6710¢ch MODERATE MODERATELY DANGEROUS 50 HIGH NONE
SUBSTANCE (when (emits toxic fumes
exposed vhen exposed to heat)
to flame)
™
FREON 22 Gas Not regulated INSOLUBLE 6320¢cb No DANGEROUS (emits No Information LOW NONE
' Information | highly toxic fumes
when heated to decom-
position or on contact
with acid or aecrid
fumes)
Atmospheric release
may contribute to
potential degradation
of the ozone layer.
™
FREON 11 Liquid Not regulated | INSOLUBLE No Information { Reacts DANGEROUS (emits No Information LOW NONE
violently highly toxic fumes
with molten | of fluorides and
aluminum chlorides when heated
to decomposition)
Atmospheric release
may contribute to
potential degradation
of the ozone layer.
METHYL Gas TOXIC 400g 6320Cb MODERATE DANGEROUS (emits 100 MODERATE NOKE
CHLORIDE POLLUTANT <goece (Reacts highly toxic fumes
violently when heated to decom-
with position; reacts
aluminum) vigorously with
oxidizing materials)
METHYLENE Liquid TOXIC 2g(200C) 6150cb ¥one under DANGEROUS (emits 500 MODERATE NONE
CHLORIDE POLLUTANT ordinary highly toxic fumes
conditions when heated to
decomposition)
NITROGEN Gas HAZARDOUS 7g (0°C) No Information | Reacts DANGEROUS (emits 5 HIGH NONE
DIOXIDE SUBSTANCE violently highly toxic fumes
with when heated to decom-
aluminum position, reacts with
water or steam to
produce heat and
corrosive fumes)
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TABLE 1-2. (CHARACTERISTICS OF SOME CANDIDATE OTEC WORKING FLUIDS (Cont.)
Physical | Federal Water 0sHAd
State*t Regulation Solubility*t Explosion Disaster §-Hour Exposure | Human Carcino~
Fluid (200C) Standing? (in 100ml H0) Flammability#* |Hazard** Hazard LinitsTt (ppm) Toxicity*#®s€ | genicity**
METHYL Liquid Not Regulated 30g (20°C) 4650Ch MODERATE DANGEROUS (emits 100 MODERATE NONE
FORMATE ~20¢c (when toxic fumes when
exposed to exposed to heat or
heat or flame; reacts with
flame) vigorously with
oxidizing materials)
METHYL Gas Not Regulated 807g (120C) 4300¢h MODERATE DANGERQUS (reacts 10 MODERATE NONE
AMINE gece (when vigorously with
exposed to oxidizing materials)
spark or
flame)
ETHYL Liquid Not Regulated | SOLUBLE 3850¢b No DANGEROUS (reacts 10 HIGH NONE
AMINE <=170C¢ Information | vigorously with
oxidizing materials)
a = Clean Water Act, 1977;
b - Autoignition temperature
¢ - Flash point
d - Occupational Safety and Health Administration
e = Low - causes readily reversible tissue changes which disappear after exposure ceases.

-~ Moderate - may cause reversible or irreversible changes to exposed tissue, no permament injury or death.
- High ~ capable of causing death or permanent injury in normal use; poisonous.

SOURCES: *
¥

*% - Sax,

Tt

- Holtzclaw,

1981

Hodgman, 1959

1979

United States Department of Labor, 1971.



has been found to be the most cost effective (Coffay and Horazak, 1980) and
require the least amount of heat exchanger surface area (Owens, 1978).
Estimated amounts of ammonia working fluid range between 200 and 1000 m3

for a 40-MWe plant to 10,000 m3 for a 400-MWe plant.

Closed-cycle heat exchangers may be of two designs: tube-in-shell or
plate. The tube-in-shell configuration (Figure 1-7) consists of many
parallel tubes with their ends mated to a flat tube sheet. A shell encloses
a bundle of these tubes between the sheets. Seawater is circulated inside
the tubes, with the working fluid applied to the outside of the tubes. 1In
this design, approximately 9.3 m2 of heat exchanger surface is required for
each kilowatt capacity of the OTEC plant (DOE, 1978c). The plate
configuration (Figure 1-8) consists of a series of thin metal plates sealed
together in pairs, with open spaces between each pair through which the
working fluid can circulate. In the plate design, approximately 7.1 m2 of
heat exchanger surface is required for each kilowatt capacity of the OTEC

plant (Rowan, 1980).

Vapor
Outlets

Disengagement
Space

Bundle

Diameter Sea
Water
Inlets

Working Fluid
Inlets

Sea
Water
Outlet

Figure 1-7. Tube~in-Shell Heat Exchanger
Source: Sands, 1980
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Figure 1-8. Plate~Type Heat Exchanger
Source: Berndt and Connell, 1978

Various materials have been suggested for use in OTEC heat exchangers; the
most likely candidates are commercially-pure titanium, aluminum alloys, and
stainless steel alloys. Titanium was used in Mini-QTEC (Donat et al., 1980)
and OTEC-1 (Sinay - Friedman, 1979); however, it is expensive and limited in
supply. Aluminum alloys are cheap and abundant but have the possible draw-
back of a higher corrosion rate 1in seawater and ammonia than titanium.
Stainless steel alloys would also be suitable since stainless steel is easily
formed, readily available, and has adequate thermal conductivities. Add-
itionally, copper alloys may also be considered for heat exchanger surfaces.
Although copper alloys are not compatible with ammonia, they would be compa-

tible with other working fluids such as the halocarbons (see Comment 17 in
Appendix E).

The heat transfer efficiency of the heat exchangers, which must be main-
tained above minimum specifications for optimal plant operation, is greatly
reduced by biofouling. To control fouling, a combination of techniques must
be used to maintain heat-exchanger surfaces at optimal efficiency. Two major
techniques for biofouling control include chemical and mechanical methods.
Chemical methods are usually used to slow biofouling rates, but do not remove
the material. Mechanical methods are used as necessary to remove the bio=-

foulants.
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0f the chemical methods, chlorination is the most viable method for use in
commercial OTEC plants due to its low cost and ease of preparation. Chlorine

could be generated electrolytically from seawater in commercial OTEC plants
to eliminate transport, storage, and handling of this hazardous gas. Other

possible chemicals for the control of biofouling include chlorine dioxide,
chlorine dioxide plus chlorine, bromine, bromine chloride, and ozone. These

biocides are from two to ten times more expensive than chlorine (Sands, 1980).

Mechanical methods are limited to use in tube-in-shell heat exchangers
(Hagel et al., 1977). Two mechanical systems have been designed: the
Amertap-ball and M.A.N. brush systems. The Amertap-ball system cleans heat
exchanger tubes using pliable foam rubber balls which are slightly larger in
diameter than the heat exchanger tubes. Amertap-balls continuously circulate
through the tubes removing slime and fouling layers from heat exchanger
surfaces. The M.,A.N. brush system consists of cylindrical, tufted brushes in
a plastic cage, which scrub the deposits off heat exchanger walls as the
brushes are pumped back and forth through the tubes by reversing the flow

direction of the seawater.

Other biofouling control/removal methods being considered for commercial
OTEC plants include wultrasonics, abrasive cleaning, and thermal shock.
Further research is required to demonstrate the feasibility of ultrasonics
for OTEC plants. Abrasive cleaning using a diatomaceous earth slurry does
not seem practical for commercial OTEC plants because of the large quantities
of slurry medium required; the entire U.S. annual production of diatomaceous
earth (the most suitable abrasive cleaning material) would be needed to make
a one percent slurry for a six-hour cleaning cycle of a 400-MWe OTEC plant
(Sands, 1980). However, other materials (i.e., sand) could prove to be of
interest (see Comment 18, Appendix E). Thermal shock, a method commonly
used in conventional power plants, recirculates heated effluent through
the heat exchangers to control biofouling growth. OTEC plants could
achieve the temperatures required for thermal shock by accepting a seven

percent parasitic power loss (Westinghouse, 1978).

1.3.2.2 Open-Cycle Design -~ The open-cycle OTEC system operates in much the

same way as the closed-cycle system, except that seawater is used as the
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working

surface seawater flows into a partially evacuated evaporator,
lowered pressure changes the seawater to steam (Figure
passes through a turbine,

densed by cold seawater (DOE,

require

et alo,

fluid,

200 m:ssec—1

1977) .

Source:

1978b).

eliminating the need for heat-exchanger

providing power for the plant,

of warm water and 160 m35ec-1

Schematic Diagram of an Open-Cycle OTEC Power System

Watt et al., 1977

surfaces. Warm
where the
1-9).

and is then con-

The steam

A 40-MWe open-cycle OTEC plant will

of cold water (Watt

Approximately one percent of the warm water entering the
evaporator 1is vaporized to steam allowing freshwater to be produced as a
byproduct if the steam is condensed using heat exchangers instead of direct

contact spray of cold seawater. Biofouling control measures, as described

for the closed-cycle design, must then be considered to maintain heat
exchanger efficiency. Freshwater production increases the salinity of the

unvaporized warm water by less than one percent at the discharge point.

1.3.2.3

features from both the closed- and open~cycle systems.

Hybrid Design Hybrid-cycle OTEC plants (Figure 1-10) combine

Hybrid plants f£lash-
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vaporize warm seawater in partially evacuated evaporators. The resulting
vapor is used to evaporate a second working fluid, which then performs as in
the closed-cycle OTEC system. Freshwater may be produced, as in the open-
cycle, if the vaporized warm seawater is condensed using heat exchangers
instead of direct contact spray of cold ocean water (Charwat et al., 1979).
Biofouling control measures, as described for the closed-cycle design, must

then be considered to maintain heat exchanger efficiency.

1.3.2.4 Mist-Flow Design - The mist~flow design (Figure 1-11) is a variation

of the open-cycle power system. Warm water is withdrawn near the surface,
allowed to fall down a penstock, and passed over a turbine producing elec~-
tricity. The warm water is then sprayed into a low-pressure chamber, forming
a mist, which rises to the top of a duct. Here, the mist is condensed by
cold seawater and discharged (Ridgway, 1977). A 400-MWe mist-flow plant will
utilize 520 m.ssec-1 of warm water and 1,560 m3sec-1 of cold water
(Ridgway, 1980). Fresh water may be a byproduct of the mist-flow design, as
in the open-cycle design, if heat exchangers are used to condense the mist
instead of a direct contact spray of cold seawater. Biofouling control
measures, as described for the closed-cycle design, must be considered to

maintain heat exchanger efficiency.

Condenser, Condenser

L~

e st s e S rface

Discharge

From
Condensers

Water
Intake

Figure 1-11. Schematic Diagram of a Mist-Flow OTEC Power System
Source: Ridgway, 1977
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1.3.2.5 Foam Design - The foam power cycle (Figure 1-12) is a variation on
the open-cycle power design. Warm seawater is mixed with a foam-promoting,
biodegradable surfactant and introduced into a low-pressure chamber, where
the warm seawater flash-vaporizes and large amounts of foam are formed. The
foam is drawn upward to the top of the chamber, condensed by cold seawater,
and allowed to fall through pipes leading to a hydraulic turbine. After
passing over the turbine and gemerating electricity, the condensed seawater-
surfactant mixture is discharged into the environmment (Zener, 1977). A

400-MWe foam plant will utilize approximately 300 mBSec_l of warm water
and 1200 m3sec™l of cold water (Zener, 1981). This design will not be practic—

able however, until a biodegradable surfactant is developed (Comment 1,

Appendix E).

1.4 DEPLOYMENT SCENARIO

The development of OTEC will probably progress from small (10- to
40-MWe) modular demonstration platforms to large-scale commercial plants

(100~ to 400-MWe). This development may encompass closed-cycle, open-cycle,

Vapor
Condenser
Foam Liquid Liquid
Breaker at e
Vapor
........ ;;
Foam
Foam
Generator
- ——— ——— g oo’ —==IZoTTZ 3 g e
Warm- Warm-
Water Water
Intake Intake
Hydraulic
Turbines

Discharged

Liquid and

Condensed

Vapors Cold-Water

Intake

Figure 1-12. Schematic Diagram of a Foam OTEC Power System
Source: Zener, 1977
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hybrid, mist-flow, and foam systems installed in moored, bottom-resting

tower, land-based, or grazing plantship configurations.

Several OTEC deployment scenarios have been developed to the year 2020
(General Electric, 1977; Jacobsen and Manley, 1979). The scenario in this
EIS combines the results of these studies, present and future technology,
electrical demands, and the goals of the OTEC Research, Development, and
Demonstration Act (PL 96-310) to provide an outline for baseload electricity

and industrial plantship development for the year 2000. .

le 4.1 Baseload FElectricity Scenario

Commercial OTEC development will become viable earlier in U.S. tropical
and subtropical island communities than on the mainland because OTEC-produced
electricity will be cost-competitive in those areas sooner. Electricity
costs range from two to eight times higher in island communities, which are
almost totally dependent on imported oil (Sullivan et al., 1980). In
addition, many island communities require freshwater, which is a beneficial
byproduct of open~cycle, hybrid-cycle, and mist-flow OTEC plants. As OTEC
designs are improved and conventional power costs continue to increase, OTEC

power will become cost-competitive in mainland areas.

The island markets of Puerto Rico, the U.S. Virgin Islands, Hawaii, Guam,
and the Northern Mariana Islands are expected to be major areas of OTEC
development. After establishment of commercial OTEC plants in these island
communities, large-scale commercialization will follow, based on entry into

the U.S. Gulf Coast regiom.

The projected commercial OTEC development for the island markets through
the year 2000 appears in Table 1-3. Twenty plants are projected to be in
operation in Puerto Rico, the U.S. Virgin Islands, Hawaii, Guam, and the
Northern Mariana Islands by the year 2000, with a total output of approxi-
mately 2100 MWe (2.1 GWe). Thirteen of these plants are projected for Puerto
Rico and Hawaii. Because of the need for freshwater in island communities, a

portion of the plants may be open-cycle, hybrid-cycle, or mist-flow systems.
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TABLE 1-3

OTEC DEPLOYMENT SCENARIO FOR YEAR 2000

Plant Plant Number of Total Percent of Total
Region Type Size (MWe) Plants Output (GWe) Projected Need*
BASELOAD ELECTRICITY
Gulf of Mexico Closed-cycle 400 5 2.0 <1
Puerto Rico Closed~cycle (400, 100, 40) 4 0.94
Open-cycle 40 2 0.08
SUBTOTAL-PUERTO RICO 6 1,02 5
Virgin Islands
St. Croix Closed- or Open-cycle 40 1 0.04 100
St. Thomas | Closed- or Open-cycle 40 1 0.04 100
SUBTOTAL-VIRGIN 1IS. 2 0. 08 100
Hawaii
Ozhu | Closed-cycle (400, 100) 3 0. 60 80
Hawaii | Closed- or Open-cycle 40 1 0.04 50
Kauai | Closed-cycle 40 1 0. 04 100
Maui, Lanal, and Molokai | Closed- or Open-cycle 40 2 0. 08 90
SUBTOTAL-HAWAIIL 7 0.76 80
Guam Closed- or Open-cycle | (100,40) 3 0.18 100
Northern Mariana Islands | Closed- or Open-cycle 10 2 0.02 90
BASELOAD TOTAL 25 4.06
AMMONIA PLANTSHIPS
Gulf of Mexico Closed-cycle 500 9 4,5 -
South Atlantic Closed-cycle 500 9 4.5 -
TOTAL AMMONIA 18 2.0
PLANTSHIPS
ALUMINUM PLANTSHIPS
Gulf of Mexico Closed-cycle 400 1 0.4 -
South Atlantic Closed-cycle 400 1 0.4 -
North Pacific Closed-cycle 450 1 0.4 -
TOTAL ALUMINUM 3 1.2
PLANTSHIPS
GRAND TOTAL 46 14,26
#See Appendix D
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The Gulf of Mexico is a primary location for offshore OTEC power gener-
ation. The total projected power production for the Gulf of Mexico is
dependent on the level of Federal incentives (Jacobsen and Manley, 1979).
Five baseload plants, with a total output of 2.0 GWe, are projected to be in
operation in the Gulf of Mexico by the year 2000, representing less than one

percent of the total projected electrical need for that region (Appendix D).

The determination of specific plant locations within the thermal resource
region 1is difficult to predict, as siting 1is dependent on a number of
variables. The area of the Gulf of Mexico that has an adequate thermal
resource for OTEC operation and proper depths for moored plants and
bottom-resting towers is shown in Appendix C, Figure C-5., Around islands,
moored, bottom-resting tower, and land-based plant siting will represent a
compromise between optimal thermal resources in deep-ocean areas, maximum

demand regions onshore, and engineering limitations.

l.4.2 Grazing Plantship Scenario

Plantships will generate electricity for onboard production of energy-
intensive products, such as ammonia or aluminum. Plantships present a method
of exploiting thermal resources located in areas either too deep or too far
from shore for use of a stationary OTEC platform or in areas in which the

thermal resource undergoes seasonal changes in location and magnitude.

The projected ammonia and aluminum plantship scenario is presented in
Table 1~3. The demand for ammonia is expected to increase by 3 percent
through the year 2000 (General Electric, 1977). If commercial plantship
operations are initiated in 1990, eighteen 500-MWe plantships could meet the
new demand for ammonia projected for the year 2000. General Electric (1977)
projected a 4.9 percent annual growth for aluminum and assumed demonstration

and deployment of three 400-MWe aluminum plantships by the year 2000.
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Chapter 2

ALTERNATIVES TO THE PROPOSED ACTION

In establishing a legal regime that permits and encour-
ages commercial OTEC development, it is essential to
evaluate alternate regulatory approaches for minimizing
adverse environmental impacts and protecting the in-
terests of other ocean users. This chapter discusses
the no-action alternative to the proposed action,
describes the regulatory alternatives considered under
the proposed action, and identifies the preferred
alternative.

Regulations are necessary to establish a legal regime that reduces legal
and regulatory barriers to construction and operation of commercial OTEC
facilities and plantships. Reduction of institutional barriers was the
primary reason that the U.S. Congress passed the OTEC Act of 1980 (PL
96-320). The Act legislatively-mandates a licensing system to be
administered by NOAA that permits and encourages development of OTEC as a
commercial energy technology, ensures that OTEC plants do not interfere with
ocean thermal resources used by other OTEC plants, protects the marine and
coastal environment, and ensures that commercial OTEC facilities and
plantships licensed by NOAA comply with international treaty obligations of

the United States.

No OTEC plant of commercial size has yet been constructed or operated.
Many theoretical predictions have been made of the operating characteristics
and potential environmental impacts of commercial OTEC plants, but the

theoretical work has not been confirmed by actual experience. Consequently,
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NOAA must devise a general regulatory approach which takes into account the
possibility of unexpected operating characteristics or environmental impacts,

while meeting the legislated goals for the regulatory system.

The alternatives to the proposed action considered in this document
include the no-action alternative and various regulatory alternatives for
minimizing adverse envirommental impacts. Section 2.1 discusses the
no-action alternative, which would result in not establishing a commercial
OTEC legal regime. Section 2.2 discusses alternative regulatory approaches
under the proposed action which would minimize or mitigate the major
potential envirommental effects identified in Chapter 4. Section 2.3

describes the preferred alternative.

2.1 THE NO-ACTION ALTERNATIVE

Under the no-action alternative, NOAA would not issue regulations to
implement the OTEC Act of 1980. A decision to forgo issuance of regulations
would place the Administrator of NOAA in violation of Public Law 96-320.
Section 102(a) of the Act requires the Administrator to complete issuance

of final regulations by August 3, 1981.

Adoption of the no action alternative would leave in existence many of the
legal and regulatory uncertainties which the U.S. Congress intended to be
resolved by passage of the Act and could discourage the commercial
development of OTEC. Licensees would not be afforded the convenience of the
one-step licensing regime provided by the legal regime, requiring that
permits for OTEC plant ownership, construction, and operation be obtained
from each involved Federal, State, and local agency. In addition, failure to
implement the regulatory provisions of the Act could restrict Federal finan-

cial support for commercial OTEC development.

Discouraging commercial OTEC development could continue the dependence of

the United States and its associated island territories, trust territories,



and commonwealths on imported oil and other energy sources, which pose
greater environmental risks than OTEC. Figure 2-1 provides an assessment
of the potential magnitude of envirommental effects associated with various
electricity generating methods. Although the environmental effects as-—
sociated with solar or geothermal powerplants are expected to be less than
those from OTEC, OTEC presently appears to be more environmentally accept-

able than utilizing nuclear, oil, or coal-fired plants for power production.

Adopting the mno-action alternative could discourage the development of
industries that would construct, assemble, operate, and maintain OTEC
plants. The dimplication of discouraging potential OTEC-related industries
would be significant to high-unemployment areas, such as island communities
and large depressed city areas, where most major shipyards are located.
Construction, deployment, and support of OTEC plants could alleviate both
long-term and short-term unemployment by providing various employment
opportunities to local contractors and laborers. Francis et al., (1979)
estimated that approximately 2,000 worker-years of shipyard employment would
be required for the comstruction of a 40-MWe OTEC plantship.

If commercial OTEC development persisted in spite of legal obstacles and
lack of financial support, existing regulations for controlling the use of
the environment and preventing adverse environmental impacts would have to be
used. Since existing regulations were mnot specifically prepared for
commercial OTEC plants, adoption of the no-action alternative could: (1)
cause existing regulations to be imposed that are not applicable to com~
mercial OTEC plants’ unique design and siting requirements, or (2) allow
commercial OTEC plants to interfere with other ocean uses or cause

significant environmental disturbances.

The United States is required by international treaties to ensure that its
citizens respect the rights of citizens of other countries in conducting
ocean activities. Development of OTEC as a commercial energy technology

without the legal regime specified by the OTEC Act of 1980 could place the
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United States in violation of its international treaty obligations and create
a difficult international incident, in addition to causing environmental and

socioeconomic damages.

In summary, the no—action alternative would allow legal and regulatory
barriers to remain which could discourage or prevent development of a commercial
OTEC industry. If an OTEC industry were to develop despite those barriers,
no legal system would exist to protect the environment and the rights of other
ocean users. For these reasons, NOAA does not favor implementing the no—action

alternative.

2.2 ALTERNATIVES UNDER THE PROPOSED ACTION

The potentially significant environmental effects associated with the
commercialization of OTEC technology are identified in Section 4.7 of this
EIS, along with possible mitigating measures. These potentially significant

effects include:

® Biota attaction/avoidance @ Biocide release
e Organism entrainment e Nutrient redistribution
® Organism impingement ® Sea-surface temperature alterations

The magnitude of environmental disturbances associated with these issues
will depend upon site-specific characteristics of the proposed OTEC site and
the technological design of the plant. As a consequence, regulatory
alternatives for minimizing environmental impacts: from OTEC plants could
range from detailed regulations, which cover all of the possibilities
that may arise, to flexible regulations, which allow for site-specific
license terms. This section evaluates alternative regulatory approaches and
selects the approach which provides the maximum encouragement to commercial
OTEC development while maintaining acceptable environmental quality.

Section 2.2.1 describes the general siting and technology considerations for



mitigating environmental impacts and summarizes pertinent regulations
presently existing for protecting the environment. Section 2.2.2 contrasts

three alternate regulatory approaches for maintaining environmental quality.

2.2.1 General Considerations

2.2.1.1 Site Evaluation Considerations - OTEC sites may be of three types:

(1) small (10 to 1,000 km2) areas that encompass all plant activities,
structures, and discharge plume effects; (2) large (1,000 to 10,000 kmz)
areas that encompass multiple OTEC deployments; or (3) very large (greater
than 10,000 kmz) oceanic regions for use by grazing plantships. The
adequacy of a potential OTEC site will depend on the following principal

environmental characteristics:

® Availability of an adequate thermal resource for continuous

OTEC operatiomn.

e Current velocities high enough to replenish the thermal
resource and disperse the waters used by the plant, but not

exceeding platform structure design criteria.

e Appropriately low frequency of occurrence of extreme
meteorological conditions that exceed plant operation or

survival limits.

® Appropriate geological and bathymetic conditiomns for moored and

land-based plants.
e Compatibility with existing and potential ocean uses.

In general, OTEC operation sites must be chosen from identified can-
didate sites on the basis of minimizing interference with other major
ocean use areas such as shipping lanes, military zones, marine sanctu-
aries, ocean disposal sites, important recreational and commercial fishing

areag, and other commercially or ecologically sensitive areas. The impacts



on recreational activities and aesthetics must also be considered. The
location of single or multiple OTEC plants should be chosen so that localized
perturbations in water quality or other environmental conditions during
initial discharge plume mixing are reduced to normal ambient seawater levels
or to acceptable contaminant concentrations before reaching any beach,
shoreline, marine sanctuary, or known geographically-limited fishery. In
addition, OTEC operation sites must be evaluated on the basis of minimizing

thermal interference between OTEC plants.

2¢2.1.2 Intake and Discharge Structure Design - The design of OTEC intake

and discharge structures directly influences the magnitude of impacts from
organism entrainment, organism Iimpingement, biocide release, and nutrient
redistribution. Warm- and cold-water intake structure diameter, shape,
depth, orientation, withdrawal velocity, screen configuration, screen mesh
size, and ancillary structures (e.g., fish-return or -repelling systems) are
important factors for directly or indirectly determining entrainment and
impingement rates. OTEC discharge designs may include variations in the
angle, velocity, and depth of discharge, the use of mixed or separate
discharges, and the number of discharge ports. The design of OTEC discharge
structures and the environmental characteristics of the site determine the
discharge plume location within the water column, its behavior, and its rate
of dilution, all of which determine the populations affected by biocide
release and nutrient redistribution. Since commercial QTEC plants withdraw
and redistribute immense volumes of water, it is extremely important to
design intake and discharge structures to prevent unnecessary damage to

important biological populations.

2.2.1.3 Biocide Release - Biocide release is a likely consequence of OTEC

operation. Biocides are expected to significantly affect the local marine
environment because of their toxicity to nontarget organisms and the large
volumes that must be released to maintain OTEC heat exchanger efficiency.
Therefore, biocide release from OTEC plants must be regulated to prevent
unnecessary damage to ecologically-, commercially-, or recreationally-

important populations.



Alternative biocide release control methods include 1limits on biocide
concentrations and release schedules. The Federal Water Pollution Control
Act, as amended, established the National Pollutant Discharge Elimination
System (NPDES) to regulate point-source discharges. Several types of limit-
ations can be incorporated into an NPDES permit: (1) technology-based permit
limits that apply at the discharge point, (2) water quality standards, (3)
discharge limitations based on toxicity data, or (4) use of the steam-
electric industry guidelines (DOE, 1979¢c). 1In developing the best available
technology to control the release of certain effluents, EPA states that
greater emphasis will be placed on toxicity-based 1limits rather than
technology-based 1limits, particularly if the latter are inadequate for
toxicity elimination (DOE, 1979¢). There are no established toxicity guide-
lines for organisms that occupy the OTEC resource area; however, studies
currently underway at the Gulf Coast Research Laboratory will provide valu-
able information for the establishment of these guidelines (Venkataramiah,
1979).

At present, chlorine is the biocide~of~choice for maintaining heat
exchanger efficiency. Two alternative methods for its release are: (D
continuous discharge of low concentrations of chlorine, and (2) intermittent
discharge of high concentrations of chlorine. Continuous, low-level
chlorination reduces the potential for acute impacts, but increases the
number of organisms affected by chlorine impacts. Intermittent high~level
chlorination causes acute and chronic effects only to those organisms in the
vicinity of the discharge during chlorine release. Because of the reduction
in environmental effects anticipated with intermittent chlorination
schedules, EPA has allowed the discharge of chlorinated cooling waters
from steam—electric generating plants at 0.2 mg 11'.ter_1 for a maximum of
2 hours per day (EPA, 1974). New chlorination discharge standards have been
proposed for steam-electric generating plants and are scheduled for

implementation in late 1981 (Wright, 1981).

2.2.1.4 Existing Provisions for Maintaining FEnvironmental Quality - 1In

general, compliance with the regulatory provisions contained in the Ocean
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Discharge Criteria (40 CFR, Part 125), and other existing environmental
regulations which may apply to commercial OTEC plants, should provide
adequate environmental protection. The Ocean Discharge Criteria respond to
Section 403(c) of the Federal Water Pollution Control Act and Amendments
which called for guidelines for determining the degradation of the waters of
the territorial seas, the contiguous =zone, and the ocean. The promulgated
Ocean Discharge Criteria allow the Administrator of the U.S. Environmental
Protection Agency (EPA) to issue an NPDES permit for a discharge to such
waters if, on the basis of available information, the discharge will not
cause unreasonable degradation of the marine environment. Such a

determination is based on:

® The quantities, composition, and potential for biocaccumulation

or persistence of the pollutants to be discharged.

e The potential tramsport of such pollutants by biological,

physical, or chemical processes.

[ The composition and vulnerability of the biological communities
which may be exposed to such pollutants, including the presence
of unique species or communities of species, the presence of
species identified as endangered or threatened pursuant to the
Endangered Species Act, or the presence of those species
critical to the structure or function of the ecosystem, such as

those important for the food chain.

e The importance of the receiving water area to the surrounding
bioclogical community, including the presence of spawning sites,
nursery/forage areas, migratory pathways, or areas necessary
for other functions or critical stages in the life cycle of an

organism.



. The existence of special aquatic sites including, but not
limited to marine sanctuaries and refuges, parks, national and
historic monuments, national séashores, wilderness areas, and

coral reefs.

e The potential impacts on human health through direct and
indirect pathways.

® Existing or potential recreational and commercial fishing,

including finfishing and shellfishing.

e Any applicable requirements of an approved Coastal Zone

Management plan.

o Such other factors relating to the effects of the discharge as

may be appropriate.

e Marine water quality criteria developed pursuant to Section
304(a)(1).

2.2.2 Regulatory Alternatives Under the Proposed Action

NOAA has identified three possible general regulatory approaches under the
proposed action: (1) detailed regulation of OTEC activities, (2) moderate
regulation of OTEC activities, and (3) minimal regulation of OTEC
activities. Each approach would require the licensee to perform monitoring
of environmental effects of OTEC operation (as stated in Section 110(3) of
the OTEC Act) and meet the requirements of the National Pollutant Discharge
Elimination System (NPDES) and Ocean Discharge Criteria; however, the three
approaches differ in the extent of regu