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OCEAN THERMAL ENERGY CONVERSION

PROGRAMMATIC ENVIRONMENTAL ASSESSMENT

M,

Dale Sands

Oceanic Engineering Operations
Interstate Electronics Corporation
Ansheim, CA

ABSTRACT

Significant achisvements in Ocean Thermal Energy
Conversion (OTEC) tecnnology have increased the
probability of producing OTEC-derived power in
ghis decade with subsequent large-scale
commercialization to follow by the turmn of the
century. Under U.S. Department of Energy
funding, Interstate Zlectronics has prepared an
OTEC Programmatic ZEnviroomental Assessment (EA)
that considers tne development, demonstration,
and commercialization of OTEC power systems. T1he
EA considers several tecnnological designs (open
eycle and closed cycle), plant configuraciocus
{land-based, moored, and plantship), and power
usages (baseload electricity and production of
ammonia and aluminum). Potenrial envirommenctal
impacts, healetn and safety issues, and a status
update of intermaciosal, federal, and scace plans
and policies, as they may influence OTEC
deployments, are included.

INTRODUCTION

The Ocean Thermal Energy Conversion (OTEC)
Programmatic Enviroomental Assessment (EaA) 1is
prepared inr compliance with the National
Environmental Policy Act (NEPA) of 1969 and
considers OTEC <evelopment, demonstration, and
commercialization. It considers both open= and
closed-power cycles in land-based, moorad and
plantship configurations. The EA is an inicial
1ssessment of OTEC tachnology and will be updated
in future years as the technology develops
further,

This publication is a summary of the draft EA
published earlier this year and presents the
relevant findings(l1)*. This publicacion follows
the format of the EA describing the proposad
action of the EA, cnaracterizing the environments
where OTEC wmay operate and assessing Lhe
potential environsental consequences of
demonstration and commercialization, extending to
the year 2020. The EA also considers che risk of

credible accidents, as well as available
mitigating measuras to reduce these risks. The
international, federal and state plans and

policies whicn may influence OTEC development and
commercialization  -are also discussed.,

*Numbers in parentnesis refer to References
listed at the end of the paper.

Alteynatives in the EA largely focus on various
engineering designs that will mitigate or reduce
impacts.,

THE PROPOSED ACTION

The Proposed Action <considered in this
Environmental Assessment (Z2A) is the development,

demonstration, and commercialization of Ocean
Thermal Energy Conversion, This EA is
programmatic in scope, considering several
technological designs (open= and closed-power

cycle), plant configurations (land-based, moored,
and plantship), and power usages; it will be
periodically updated as further information is
obtained on QTEC technology and the environmental
factors.

OTEC uses the temperature differantial between
warm surface seawater and cold deep ocean water
to produce electrical power by means of gas or
steam turbines. The =inimal temperature
difference required is approximately 20°C, thus
the usable geograpnical regioms are limiced co
those areas where such temperature differentials
prevail.,

as ctne first step in EA preparation, amn OTEC
seployment scenario was developed from several of
the scenarios previously completed(2,3,4). From
a review of these studies, an estimate was
projected of the types and numbers of plancs to
be deployed by the years 1995 to 2020, The
deployment scenario projects that populatad
island communities will be the first wmarket
penetration of OTEC placforms, followed by large
numbers of moored plants in the Gulf of Mexico
ana plantships producing ammonia and aluminum in
open ocean regions. Under a very conservative
estimate, approximately 60 GW of baseload
electricty could be produced by OTEC platforms.
The majority of this production would be from

moored platforms 1n the Gulf of Mexico with

swmaller installations in Hawaii, Puerto Rico, and
Guamf{1l).

In terms of the plantship option, approximately
35 GW of OTEC-produced power could be used to
produce ammonia and aluminum(l). The
discribution of these placforms is illustrated in
Figuze 1.
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of achieving OTEC
closed-cycle syscem

The greater probability
per formance goals with the
has led to its selectiom as the baseline power
system for inmitial demonstration. The
closed-power cvcle may be used for land-based,
moored, or grazing plancsnips which produce over
400-MW of power. The open—cycle system is under
considevation for possible second-generatioun
application, as warvanted by technological
developments and analysis. Open~cycle systems
will probably be small plants, about 40=-MW in
.size, primarily land-based on island communities,
and will produce baseload electrical power and
fresh water.

Several different platform configurations,
designs, and design components were considered in
the EA, with particular emphasis placed on the
environmentally significant design components.
These elements of the oprogrammatic were
previously described in a presentation at the
Sixth OTEC Confereance(5). One particular
contraint for moored OTEC platforms was the
inability to wmoor tnese larger platforms in
waters _deeper cthan 2,130 m. This constraint
reduces the sitiang area in the Gulf of Mexico, as
illustrated in Figure 2.
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EXISTING ENVIRONMENT

of OTEC

is
restricted between approximately

Sitcing plants gecgrapnically
30° north and
the equator, where annual
surface-to~1,000-m temperature differentials of
20°C prevail, The parameters considered 1in
characterizing the snviromments were those which
(1) describe tne salient enviroumental and
aconomic features under which a platform or
cluster of placforms may operate, and (2)
facilitate the assessment of impacts. Typical

values or characteristics for the parameters were

30° south of

. presented, several sources of data were pooled to

prepare a gemeric oceanic characterization.

Data used to describe the OTEC regions included

geology (stratigraphy, soil mechanics,
bathymetry), physical oceanography (thermal
resource, circulation, and light profiles),
chemical oceanograpay (nutrients), marine biology
(planktoa, nekton, benthos), and socioeconomic
profiles (population, economy, power grid
sources, natural resources).



8%° 8G°

MARW:ME BOUNDARY
MEXICO AND U.S.

@.S. Dept. of State, 1979

CUBA AMD UNITED STATES —

SCALE
280 bm

220°C AT EVERY MONTH

270.6°C AT ANNUAL AVERAGE

1

-439°

KEY WEST

1

Figure 2. Gulf of Mexico Moored OTEC Resource Area

Generally, the OTEC resource areas may be
generically characterized as oceanic, as opposed
£o coastal or neritic., Oceanic ecosystems are
located in stable envirouments ana are responsive
Lo stress. The economic environments range from
island communities (sucn as Hawaii, Puerto Rico,
and Guam) totally dependent on imported oil to
the Gulf coast of the United States with reserves
o. coal, gas, and oil.

POTENTIAL ENVIRONMENTAL IMPACTS

The installation and operation of OTEC plants wmay
potentially affect the terrestrial and marine
environment, 'as well as the atmosphere. The
potential enviroumental impacks center on the
marine ecosystem because 1t 1is the enviromment
most influenced by OTEC operation. Atmospheric
effects include climatic disturbances due to
carbon dioxide releases and sea-surface
temperature cooling. Measurable atmospheric
effects are aot anticipated from the deployment
of single-platform inscallations; however, the
carbon dioxide releases from large~scale regional
deployments of OTEC plants could combine with
other man-induced carbon dioxide releases to
result in measurable climatic alterations and,
therefore, furcher investigations are warranted.

®

Land effects will result from the comstruction of
plants and transmission cable entry pointcs,
Further site selectionm studies are necessary €o
collect terrestrial ecology data to assess these
impacts.

OTEC platforms will principally affect the marine
gcosystem., The xey 1issues associated with
placform(s) deployment and operation include:

e Biota attraction e Protective hull
coatings release
® Organism impinge~=

ment/entrainment e Trace element
release
e Ocean water redis-
tribution e Working fluid
release

@ Biocide release
® Sanitation dis-—
e Industrial effluent charge
dischazge
@ Mooring and cable
implantation

The various components of the marine ecosystem by
these elements are presented in Table 1.
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The magnitude of impact resulting from OTEC
placform operacion will, ia large degree, be
influenced by the amount of biota attraction.
OTEC platforms will provide food and protection
to macrozooplankton, =icromekton, and nekton.
The presence of placforms will increase existing
populations as well as establish new communicies
producing larger bicmass abundances than those
observed prior to OTEC deployment and operation.
This increased biomass will be exposed to the
effects associated wita routine plant operarion,
such 4s organism impingement and entrainment,
trace constituent release, and risk of nonroucine
€/ents sucn as spills.

One of the most frequently overlooksd
characteristics of OTEC platiorm operation is che
immense volume of water tnat will be circulated.
In general, OTEC placforms will circulate over a
huandredfold wmore water per megawatt, than
conventional power plants, thus serving to
impinge or entrain a much larger biomass quantity
and release considerably wmors biocide used for
biofouliag control.

Tne primary factors which determine impingement
and entrainment cates are intake flow rates and
population daeslties at tne intake depths,
Entrainment wmortality wmay approach 1007 as a
result of mecranical abuse and exposure to large
pressure and temperature difierentials.
Micronekton and nexton are likely to be impinged
and will have a mortality rvate of aearly 1O0%.
Single~plant installations will affect only
localized areas arcund cthe plant by reducing

olye

scanding stocks; however, large—scale deployments
may alter the entire regiomal ecosystem.

OTEC plants will redistribute large quantities of
ocean waters which will alter water column
thermal structures, salinity gradients, znd
concentrations of dissolved gases, nutriencs,
turbidity, and trace constituents. A potencial
serious effect wmay vresult from bringiag
nutrient=ricn deep ocesn watars to the surface,
which, 1f discharged in the photic =zone, may
stimulate primary production in the receiving
waters. However, discharge configurations aay
mitigate or reduce this effect. Large-scale OTEC
deployments may influence regional primary
production, particularly in the event of severe
storms where upper-surface waters would be
well-mixed. The combined flow of several OTEC
plants wmay form small-scale "water masses”
idenctifiable downstream of the plants.

Large quantities of chlorine will be used to
control tne rate of biofouling onm the heat
exchanger surfaces, and subsequently will be
released with the discharged waters to the marine
environment., Chlorine reactionms in seawater are
aot well understood and potentially could result
in the formation of several new, unidentified
compounds of unknown toxicity{(6). Chlorine also
has been reported to adversely affect
pnytoplankeon at concentrations below the
analytical detection limit. Discharge of
cnlorinated cooling waters for more than 2 hours



in any one day 1is

restriczed(7)

discharge must average (0.2 mg liter”

days, with. a
Taerefore, a maximum

maximum of
of

0.5 mg

the

and allowable

over 30

liter™1 .
3,700 kg day of

surface

temperatures.

present risks to the crew,
ammonium npitrate 1is

Freon"™

Ammonia ccmbined with chlorine is

mixture, boils

at ambient

an explosive

seagwater

Offshore ammonia plantships will

since production of

chlorine could be discharged to '
layers of the water column from a 400-MW closed
cycle OTEC platform{(l), Furcther laboratory and
field studies are required to evaluate the
effects from this large-scale chlorine release to
the tyopical-subtropical oceanic regime,

RISK OF CREDIBLE ACCIDENTS

Crew members of OTEC plants, the adjacent
population, and communities served by OTEC plants
will be exposed to potential accidents and power
failures. Large volumes of the working fluid
{ammonia or Freon™) will be stored onboard and
present certain health hazards should a collision
or large leax occur, Concentrated ammonia is an
irritating. and corrosive compound which can
damage mucous membranes and innibit vespiration
of humans and animals. :

a potential
The hazards which exist
for aluminum production irclude the use of
fluorine-producing gases and other hazards
specific to the manufacturing processes.

Based upon the various agents carried onboard the
OTEC platform, a health risk assessment mnodel
should be developed for a region basis in order
to fully assess tne potential of both man-made
and nature-induced accidents. A typical hazards
summary cnart for many of the OTEC chemicals is
presented in Table 2.

the explosive
intermediary compound.

INTERNATIONAL, FEDERAL, AND STATE PLANS AND
POLICIES

OTEC platforms
jurisdictions:
fall under the

will operate in three
(1) the territorial seas which
jurisdiction of the coastal

Table 2. Potential Hazards Summary
Physical | Hamdliag Crew OTEC Type Hazard
Ageat Source S$tate Procedures Hazard Hazaed at Neuzrglizing Haincensanca Comments
{a) (&8} {el Lavai Level Hazard | Ageng (g}
{d) (el (g ©
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BDiozide 6oy 3 2 % 3 & & Circulacion { 28y be required.
Biver hszazd.
. Progective clothing and
thiloring CL 3 1,2 1.2,3.4,5 1=2 3 3,6 Yengilegion 1,2,3,6,5,6 | dreaching equipment may
be required.
Sodive Procective cloghing and
Hydronide 3 1,3 1,2.3,8 3 3 3 ¥aget 3.4,6 beesthing equipaent =aay
Halb be required.
Elecgrscal Progective ¢lothing
Coanections 2.3 - 3 13 [ 5 inaulagion 2,3,6,5 ang Jdevicas required
Lubricaging Containment
Oila 3 i 2,3 3-6 3 i 8ooa~ 3,6,3,6 Spill hazasd
Absorbents
Oxygea % 1,2,6 1,2,3,5 i i=2 2 Ventilacion 1,2,4,5,6 Supports combustion
{s) Source {b} Physical {¢) Handling (d) Crew Hazard | (e) OTEC Hazaed | (£} Type of (g) Hazard Level
5cate Procedure Level Level Hazazd Haintensnce
i. :?:&xng 1. Liquid l. Containment 1. Hign 1. High 1. Flammable 1. Circulation
wid
2. Process 1. Gas 2. Storage 2. Hediwa 2, Hedium 2. Osidant 2. Sensor Honitaring
#roduct
3. Pgocess 3. Selid 3. Teansfer 3. Low 3. Lew 3. Toxie/ 3, Visual Honiegoriag
Requicement ireicang
b, Support b, Cryogan &. Controlled 4. Hone 4, Booe 4, Sufficant 4, Specisl Precauties
Begquigement Application
o
$. Vengilagion 3. Shock 3. Pevsonnel Training
6. Corrosive 6. Containmentg
Hore: Othet hazardous materials such 38 acetylene, paints aud thinners, etc., will be carcied szboard; however, they have not

been irsged above due to theit beiny carried in miaimal quaancicies and cheir hazards should be readily disceenible.



states; (2) the exclusive economic resource zone,
whicn £alls under the administration of the
Federal govermment, and, (3) the high seas which
are internationally regulated. Thus, several
legal, health, and safety plans and policies come
into focus concerning plant licensing, siting,
monitoring, and operation. The OTEC thermal
resource area Ls schnematically illustrated in
Figure 3 as it 1is influenced by the proposed
exclusive economic resource zone,

No legal framework 1is presently applicable to
OTEC platforms. Intarnationally, O0TEC will
likely fall under the "Reasonable Use' theory and
no regulations will be developed. Alternatively,
existing legislation may be amended to include
OTEC platforms. At the Federal level, there is
no single legal route which applies to siting,
licensing, or regulating OTEC platforms:
responsibilities and authorities are spread
across several governmental agenciles, One
solution, offered in peuding legislation (Studds
Bill), may be the designation of a single lead
Federal agency. State issues are similarly not
clear. Studies are underway to —resolve
relationships between Federal regulatory laws,
civil and criminal laws, maritime laws, and state
laws{1).

Crew health and safecy is a crucial aspect of
OTEC operation in the marine enviromment, and, it
is under a sctats of flux with the jurisdiction
for marine safety given to the U.3. Coast Guard
in the Department of Transportacion and process
safety falling under the Uccupatcional Safety and

Health Administration of the Department of
Labox(1l).

Several aspects of OTEC operation are not
currently regulated and will require modification
of exiscing regulacions or creation of new laws.
dctions in process would bring all
responsibilicies under Coast Guard jurisdiccion.
Responsibilities for compliance with U.S5. Coast
Guard regulations apply to all vessels owned or
operated by U.3. companies. The Department of
Energy will require tne preparation of a Safsty
.nalysis Report that identgifies the hazards
associated with operatiom and describes an
approach to eliminate or control the hazards.

ALTERNATIVES

The alternatives considered in the EA are within
the OTEC technology and include the choice of
power cycle (open or <closed), oplatform
configuration (land-basad, moored, or plantship),
discharge design (mixed or separate teleases),
and intended power use (bassload electricity or
at-sea production of ammonia and aluminum).

REOMMENDATIONS OF THE EA

-

In preparing this initial EA of OTEC technology,
several aresas were defined which required further
study; tne recommendations include:

-G

Large-scale commercialization of OTEC
parks within & region {(e.g.,, eastern
Gulf of HMexico) may adversely affect
the region's ecosystem and have
large-scale impacts. Further studiles
are required to determine the spacing
requirements of OTEC platforms in order
to minimize envirommental impacts.

Single-platform deployments up to
400-MW potentially offer advantages and
minimal envirommental risks. However,
future impact study effiorts should
examine site- and platform-specific
effects with environmental impacet
statements for demonstration-size
platforms. These impact statements
must be completed in advance of
construction to examine design options
that mitigate or reduce expected
enviornmental impacts.

4 thorough report should be prepared
that would describe the wviable OTEC
power cycles and platform options
available, as well as discount those
options not deemed feasible for early
design efforts.

An OTEC program deployment scenario
should be prepared to consider both the
open-cycle and closed-cycle systems,
different placform design
configurations, and various power uses.
This scenario would them serve as the
basis for future OTEC program plams.

The open-cycle QTEC system relegated to
small-sized island plants, presents
some advantcages over the closed-cycle
system, but both require a detailed
gnvironmental assessment to fully
evaluate their environmental
suitability.

The use of Freon™ as a working fluid in
the closed-cycle system presents undue
public healeth hazards and risks.

Consideration should be given to the
production of shore-based aluminum
plants rather than at-sea production,
thereby limiting handling of bauxite or
alumina,

Complete platform health and safety
plans should be developed for
land-based, w@moorad, and grazing
platform configurations. This would
include the preparation of a Healch
Bisk Assessment Model to evaluate
various platform designs and siting
locations for overall risk of credible
accidents,
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An OTEC site slection tiering criterion
should be developed and applied to
candidate OTEC regions in order to:

- Select optimal OTEC sites based
ypon engineering and environmental

data requirements.

- Group optimal locations
generically by sredominant
features and perform envirommental
baseline gtudies that may be
extrapolated to other regions,
Both spatial and temporal
variability of the sites must be
evaluated,

Consider ocean space designation
studies for specific types and
sizes of OTEC platforms.

The inherent disadvantage of using
ehlorine as a biofoulding control agent
requires additional research to fully
evaluate potential environmental
effects. In addition, efforts should
continue to select an environmentally
preferable candidate for biofouling
control.

Careful examination of present coastal
power plant chlorination practices
should be made for plancs located in
subtropical or tropical environments to
determine potential impacts applicable
to OTEC plants.

Chlorime-seawater vresearch should be
continued inm order to identify
potentlal residual oxidants that may bde
formed.

Continue bioassay and toxicity studies
to determine acute and chronic efisces
of potential OTEC plant releases,

Preoperational and demonstration
platform environmencal impact studies

should be performed to gain information

that may be excrapolated £o
larger-scale placforms. Platform
designs for intakes, discharges, and

chlorine releases should be altered to
determine differences in environmental
effects.

Basic food chain studies should be
conducted to determine the effects of
organism lmpingement and entralnment
from OTEC plant operation.

Iegrescrial ecology surveys should be
initiated for candidate land-based
locations, °

-

LY

Climatic influences that may result
from large scale OTEC deployments wmust
be evaluated further,

The development
- - wide-basin wodels should be continued
to examine physical impacts of OTEC
plant operation; longer-term goals will
call for the preparation of ecological
models,

of large=-scale,

A mock licensing process at the Federal
and International level should be
initiated to determine the involved
agencies and the applicable
regulations,

An updated programmatic environmental
assessment should be periodically
reissue to reflect recently obtained
information.

CONCLUSIONS

The programmatic envirommental assessment is an
initial assessment of OTEC techmology considering
development, demonstration, and commerciali-
zation, and concludes that the GTEC development
program snould continue because the development,
demonstration, and commercialization on a
single~plant deplovment basis should not present
significant environmental ilmpacts. However,
several areas withian che OTEZC program require
further investigstion to assess the potential for
environmental impacts from OTEC operation,
particularly im large-scale deployments and in
defining alternatives to closad-cycle biofoulieg
control:

® Larger-scale deployments of OQTEC
clusters or parks rvequire furcher
investigations to assess optimal
platform siting distances necessary to
minimize adverse environmental impacts.
@ The deployment and operation of the
preoperational platform (OTEC-1) and

future demonstration platforms must be
carefully wmonitored to refine environ-
wental assessment predictions, and to
provide design modifications which may
mitigate or vreduce environmental
impacts for larger-scale operatioans,
These platforms will provide a valuable
opportunity to fully evaluate the
intake and discharge configurations,
biofouling control methods, and both
short-term and long-term enviroamental
effects associated with platform
operations.,



® Successful development of OTEC
technology to maximize use of resource

capabilities and to minimize
environmental effects will require a
concerted environmental management
program, encompassing many different
disciplines and environmental speci-
alties,
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