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. ) SECTION I
' o " INTRODUCYION AND ENVIRONMENTAL SUMMARY :
L !' ) B t . . B
A. _;Grqanizg;; ;"i Intention of Report: N
== - ’ . ] - 1’ - - - -
: x

- This.rgp;ftjﬁfesénts'the-énvironmEﬁtai problems which ﬁfy
arlse with: thé “further dévelopment of Ocean Thermal Energy
CDnVEfEan (GTEC), one of the e;ght Federally-funded solar

irftechhglaglas. To Pravlde a backgrcund for this environmental

-analySLSE the hlstary‘and basic ccncepts Df the technology are

feﬁiawid, as are 1t5-gganpmlc and resource requ;réméﬁts, The
;'écténﬁﬁgl effects of th}s new technology on the full'yrange of envi-
~ronmental concerns (i;ei, air and water gquality, biosystems, safety,
‘SQgial/instiﬁutignal structures, etc.) are then discussed in terms
of béth‘thei: relative significance and possible solutions. Althoug
,;he'emergfﬁq solar technologies will contribute to environmental
p%oblems gommon to_any construction project or energy-producing .
techhal@g§ (e.a., air pollutants from steel production), énly those
1m§acté"unique to the solar aspects of the technology are  -discus-
Sed;in-éepth hé%e. Finally, an envir@nmental-wcrk‘plan is presented
listing reseaf:h_ané,dévelagmeht proposals and a NEPA work plan which
might help ¢larify and/or mitigate specific environmental concerns.

B. Env1:onment al Concerns

1. Potentially Toxic Effects of Metallic Elements

‘! Y
/
‘ Dhéfseriaus environmental problem posed by the opératlmnvﬁJfﬁ
of an OTEC plant is the potentially toxic effect on marine life of
¢ metallic elements éroded/corroded from heat xchanqéfs One side of
" an OTEC plant's heat esgchanger surface will be continually subjected
to the erosive and corrosive forces of sea water flow, causing a
: : e
: “ ‘
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cefta;n quantity of metalllgﬂelemEﬁts .to be cantlnually

into the ambiEﬁt sea water.

exehanger, for 1nstance, mlght cause serious’ ecalfglcal problemsg

If alum;nhm were used, toxic effects wauld pr@b 1y be lessened,

marine organisms. The use of tltanlum as tfa‘heat\exzhanger material
£, since it is highly cor-_

rosipn- IESlStant Finally, if plastlc%éﬁan be developed for heat
problem may be obviated

may cause even fewer enVLr@nmental prable

excﬁanger use, this. partlcular t@xlc=

altogether. : . g .
. N /
. - 5 : ’ s i ‘f l
2. Poten}ial Ecol@gic' Imp{éts of Ocean Water Mixing

'In an OTEC plant vas%xquant;tles of cgld deep ocean water are
densers near the ocean surface; a simi- "’

continuously éumped to tﬁe Cg/
lar amount of: warm surﬁac&Xwater is also pumped through the evap=‘g

f orators. This artlf;glal ileng of natural thermoclines, sallnlty

gradients, and letiC sp élES near an OTEC plant could have an adverse

e’

effect on l@cal marlne k:osystems For instance, marine blata pum ped

up from déepar water ill experlend? both a temperature increase and

surf
éﬁpéfaturt decrease. Fufthé%more the temperature

a prégsuregg rops
will exper;Eﬁg/ a

ing anwhpfe tyé plaﬁA715 sited. 5Since 1nwer surface water tem-
~ :
peratﬁres Dgf{ deqgrade plant efficiency,. computer modeling studies
/S . .
w11h’1n§1 fé’water discharge patterns and methods which would alle-
> 2
s

e laboratory tests and literature
he extent to which typical biosystems
temperature, and salinity changes.

_ e
icial upwellinag of decp ocean wate

‘)U

The nutrient-rich cold water
-

establish anm(rclal kvlp farms

ngical qrﬁwth in the vicinitv of

i

L
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3. Potentially Toxic Effects of Working Fluid Leaks¥

ince in each OTEC plant millions of/square feet of heat! exchanger
surface area will be subjected to physical and chemical stresses,

5., allowing the working

Ly

leaks may develop in the exchanger surfac
fluid to seep intc the seawater; Since OTEC plants will be equipped .
w1th 1nventary=mﬁn1t§rlﬁg devices, any significaﬁt.leaké would be
detest&d; If ammonia. (the most likely working fluid candidate) were

used, the environmental impact of small leaks (less than 1 percent

-of total inventory each éayﬂ would probably be negligible, since the

seaﬁ?tér flow would dilute the ammonia considerably. However, since

.much‘larger spills are possible (for example, if a ship were to

collide with an OTEC plant) dispersion modeling could be used to- .

determine the pr@bable extent of ocean area impact. The specific

.effects on local marine species impacted by a’%arQESSQalé working

fluid Spill could be_detegmined“by laboratory- testing. : -
" 4__ Potential Ecological lmpacts of Biocides,

. Chlorine has been suggested for use as a biocide to prevent bio-

f@ullng on the seawater side of heat exchanger surfaces. Although

prépased 1n1tlal concentrations 1n an OTEC plant are 10-50 times

greater than EPA'E acceptable llmlt for marine waters, thogge concen-
trations would be diluted gquickly by amb entfbea water beyond the
1mmedlate discharge area of an OTEC plani The rate of dilution
EDuld be determined by dispersion modeling; laboratory studies

,?ld help determine which marine species would be affected and

;taiwhat déqreé by the chlorine dischafqe. This thEﬁtial problém_

déViC%ﬁ (e.g., the per;@di: passage of rubber balls through heat
exchanger tubes), anti-biofo ouling chemical coatings on exchanger

sugfaces, "or the possible manipulation of heat exchan qe‘
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_possibility of fires or explosions would be espe¢ially serious

5. Eeﬁentiel Werger Safety Problems ' . .

The use of. dlffEIéﬁt ehemleele in OTEC plants (e.g., ammonia or

'p:epene=ee a working flu;d chlorine as d biocide) eeuleiendenger %@e

=

safety of construction, epéretleﬁ or maintepndnce personnel. For ¢
instanc ce,, a mildly™toxic gas is produced when ammonia is combined~

with eeeweter_ Oon the other hand, ammonle s strong oder below

toxic levele would provide e'werning of Qeeelble\dengerg The

if propane were chosen as a working fluid, which seems unlikely
at the present time. However, eefety procedures and guidelines
weuld have to be established to govern the use of any potentially

dengeroue ehemleele saboard an DTEC plant.

6, Potential C;Lmete]egieel Impact .
Temperatures ) - . .
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An O?EE plent'e,ertifieel upwelling of vast quantities of cold,

deep water may. lower by a ‘degreee the surface temgeretqgejﬁf the
A

"ambient ocean. A llghtly lower oaean gsurface temperature may leed'

to a slightly lower local air temperature. Anomalies in the
‘local mleroellmete caused by tpe ‘operation of a single OTEC s
plant may “be significant, depending on the site chosen. The

g b

climatological impacts of several plarnts operating in the
same general ocean area may be even more eerieée, although im- ; '

adequate temperature differentials. *
7. Social ﬁfd Institutional Impacts oy,

onstruction techniques
se typical for deep oil drilling

eyetem: should have few social

plants may contribut

~but they should have few unique @

b ]



impact% on utilities. However, exploitation of thermal re-
sources in ocean areas beyond the jurisdiction of an indiv-
idual nation may introduce problems regarding the fights, .

'ragfénS;blll%les, and liabilities Qf‘lnstalllng and Qperatlng

energy pr@duclng plants in 1nternatlénal waters.
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A, History of Technology

A
The basic thermodynamic law underlying ocean thermal

.energy conversion (OTEC), a process for producing eneray from

the difference in temperatufe between surface and degp sea water,

was promulgated more than 150 years ago. tAlmast a century ago,
the principle was rélated SE§lelcally to the use Gf sea water

4s a power-: source, and full¥¥cale demonstration ppwer plants

have been built within thaflgst 50 years. 'Although an PTEC pi

has never produced electricity commercially, its»ﬂgérating pri
. _ . S . N

ciples have been clearly defined and technically demonstrated.

In 1824, Sadi Carnot, a French engineer, wrote in hi

w
E
I

=

flections on the Motive Power.of ngt:

The production of motion in the steam engine
is always accompanied by a gircumstance which
we should particularly notice. This circum-
stance is the passage of caloric from one body
where the temperature is more or less elevated
to another where it is lower.... The motive
*  power of heat is independent of the agents em-
ployed to develop it; its quantity i¢ determiﬁﬁﬂ
S solely by the temperature of the ‘bodies betwee
which, in the final result, tﬁe transfer of the
caloric o;curai

-

In other words, man's abilfity to convert heat energy into_mechan-
ical endrgy in any heat enagine is limited not so much by. the tem-

perature of the heat source as by the difference in temperature

between the f into anli the heat out of the engine. The dif-
e

eat in
nce in temperature is the real source of power, and the

I’El*
[:U‘



efficient transfer of heat within gpe gng;ne the most important
questi@n: Ca Q\t 5 studies-.-established that at least theoret-
nerate

ically, any difference in temperature could be used ta gen

[
I

~5

. spoOwer.

lu%tréver 50 years later, the ability Qf "natural-forces" .

to produce elect;iéity was debated tfeoretically in the pages
of a French magakine, La Revue Scientifiﬁueil/ rzh thf September
17,,.188%1, lssue,ﬂJacques a A;ganval utilized Ca ’t 's prin

hypothesize a pracess fDr pfgduc1ng temperatuze gradient gcweri

ciple to

o

He suggested Gperatlng -a cl@sed system in which a wérkiﬁg fluid,
pass;bly liquid sulfur dioxide, would be vaparlzed by the warm-
(30~ C) waters of the spring at Grenelle, then condensed by c@lder
(15 Gﬁ river water, “the Eésultlnq(prgssure drap across the system
prcv;dlnq a constant source af power. He n téﬁﬂ%hat many places
'=1n the world c@uldi?hrnlsh the necessary temperature dlfferentlal
Idealiy, the evaporator could be 'immersed 1n\§?e equat@rlal seas
and the condenser at the poles, but he noted that. the equatorial-
sﬁés alone might SufflEE, since the temperature QDDD meters belaw\

the surface was 4 Oc.

D'Arsonval's student and friend, Georges Claude, Ggrified

d'Arsonval's hypothésis experimentally before the French Academy

‘:u

of Sciences on November 22, 19265§wheﬁ his’ thermal gradient engine
produced three watts of power to light three small ;ampsng‘ Claude
préferred water in én open system over sulfur dioxide jor anf other -
gas in a closed system, because it was cheaper afd he ge;t it would
trandfer heat more efficiently through the inevi;ably dirty walls
of his boilers. After his initial experimental success, “he pro-

ceeded to build a 60 kW plant in the industrial complex at Ougree-

g

—

o~

w



Marihaye, near-  Liege, Belgium. By June, 1928, he succeeded in pro-

ducing electricity utilizing the‘EDég differEﬁCE between t?f water
a a

-

. 0f the Meuse River and the codling water of blast "furnaces

;! V = B x
Buoyed by his coditinued success, Claude decided to build ah

»
experimental OTEC plant in the Xropdcs to- take advantage of greategfs
temperature differentials and 1nexhaustlble supplies of sea water.

On the coast of Matanzas Bay, 100 kilometers east af Havana<£Cuba,

"he ‘built a powerplant that by the fall of 1930 was producing® 22 kw

of power.B/i Howéver, Claude was able to drap h;s cold?hater pipe

only 700 meters below the surface af the sea. The resulting'témﬁerai

i

ture differential of Gﬂly 14‘j , the low vapgf pressure of s water,
deployment probléms with the cold water plpe, and temperaturé fluc- |
tuations im the Gulf Stream caused Elaude to shut down his plant. ‘
Although Clau%g 5 .gban DTngplant was economlcally 1ngfflclent
(Cuban electricity was purchased to help run the pumps), the ability
to produce électr1c1ty from ocean temperature gradlénts had heen
Elearly démanstratea A
. P ‘i. ' (

After he left Cuba, Claude's enthusiasm for the temperature
gradieﬁt,pawer principle CQHtlDUéd unabated. He hoped to overcome
soqpe of the ehg;neerlﬁq and env1r@nm2ntal problems he encountered
in Cuba by building a pDWér unit aboardeie 10,000 ton Stg;ﬁéfg

Tuﬂlsle, with which he hoped to produce 800 kW. He stationed the
ship off the coast of Brazil in 1934, dropped his cold water pipe

int® the waters beneath, and, after a lengthy series of technical

‘and personnel pr@blem%, Lgally operated history's first ocean-

going OTEC power plant.” ) )

Other French scientists carried on Claude's ideas and his

L]
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French SElEﬂtlStS haped

b

on the African Ivory Coast at Abld]an.
~ their’ 7000 kW shoxe

eiine péwef plant WDuld utlllze an offshore =~ = .,
temperature differential Df 209 to pfadgée both power-and p@t=
.able water. - Construction was begun in thé’eérly 1950's, butithé’
project was hénégred by maﬁy of the Séﬁéxtééh al prdblems that ¢ 3
beset Claude in Cuba:- the immersion of a la ge diameter pipe in
i\x,dEEp ocean water, intake of fauna in thé cold water pipé,‘carrcé
! slan, pcweriiéss in pumps, and 1nefflclent teméﬁfature dlfferens
#—tlals. The French finally. abandaned the peréct in favar of a

. éheaper hydroelectric p;ant. ' ﬂ' ' .

After the initial 100 years of sporadic-invegtigation into
dnd egperimentatiéﬁ with oceanj thermal energy conversion, mostly
b? French scientists and technicians, the U.S. Federal government
became interested and involved in the early 1970's. ’Spurred on
by 1n:r2351ng energy demaq?s and, dwirddling energy resources, the ~

Federal government began éllasatlnq 1n:r2351ng sums of money for
- researéh lntgaall phases 'of solar energy. Ocean thermal energy
conversion was fimt funded in FY 72 for $84,000, followed by .
$23D,DDC in FY 73, $730,000 in FY 74, $3,000,000 in FY %5;'$E,OOD,OQOE
in FY 76, and,SE,%DO,DDO in the tra? lEanal guarter. .

Federal funding for d%EC research probably will cgntiﬁuébt@
rlSE during the next Several f;ﬁ al years. According to ERDA's
P:@gram Approval Document For Solar Enérgy Development (March 5
1976 cted”’ for Fy 77, $2§ 1 mllllan for

)
FY 78, $85.3 million ifr Fg‘79 nd $231.6 million for FY 80.6/

$9.2 million are pro

IA_..N

L] * - . =
Increased Federal maonies have nurtured 1ncreaSéd involve=
it

ment ‘by thé‘Amérlcﬁn academlc and industrial commun

first public OTEC workshop, convened to review the status of
the’hatigﬁal OTEC prbgram, was héld at Carnegie-Mellon University
LMéﬁ,;n JUHF, 1973; 4 the second was held in Washington, D.C., 1in
7 | j
. , . £ .
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hird and latest workshop, held in

industry, univer-

g to, and discuss, more \
of OTEC technology.?/ -
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B. Basic Technological Concepts

e T 2 5
1 Introduction
- : - .

the turbine, the vapor is condensed by co

1
deep in the ocean and then pumped back into the evapor

Figure II=1).

d
neerihg and cost problems. In both cases,
e . i ; SO
differentials fapproximately 40°F vs.

dictate tha Large quantities of water

1

power baing subtracted from the net powel
- ) e
Faces probhlems in eff

=

At wihi Lo construchion

Q : -11=
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vacuum eﬁclosures anﬂ the design and manufacture of low pressure

vapor turbines with r

7
N

stor diameters on the order of 100 feet are
t - . L

o]
needed for the open syste

Several different research teams have been working to overcome -

the problems of both ElDSEd and open systems. One of America's OTEC
on,

pioneers, J. Hilbert Aﬂdgrqan, and his s James H. Anderson, Jr.,
have been publishing their DTEC studies since the 'mid-1960's and have
formed Sea Solar Power, Inc., to advance work on a’cl

tem. Clarence Zener, who dlso worked on OTEC systems during the
. .

1960's, is curren

has been studying conceptual designs for OTEC system components. A
University of Massachusetts/Amherst team has been studying OTEC pos-

1970's, while Johns Hopkins University o
(AE@) has been assessing OTEC's en ngineering and economic,.feasibility,
ed and TRW have prepared studies of co

stems for OTEC power production at sea using state-
i ] o A 10/11/
t material.and product prices.

I-2 and II-3 for drawings of Lockheed and TRW- models )

Although closed cycle OTEC systems seem fo hold the most promise

fmr the immediate future, current research is also being éafrfe§ out

'

1l
on the open system. Hydr@ynautiés,llnc.T has been 5tudy%7g the
dasibility and probable costs of an open-cy&le OTEC

gystem utiliz iﬁqyfall,nq film dlfect contact ev§§ératian and con-

densat%éniv An Qéanécyc¥e system using low-pressure ateamrhas been
proposgi,lz/ a modification has been suggested to uti_ize foam
instead of water vapor or liguid. 13/ Finally, thke Colorado Schook’
of Mines has been involved in.a studv of turbines applicable to déen=
cycle OTEC Sy;ETWS )

ERIC
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FIGURE 11-3 "
CUTAWAY VIEW OF TRW OTEC PLANT MODEL I :
/
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If closed cycle svstems are to become increasingly feasible
both technologically and economically, OTEC proponents point out
t 3

*

i
th construction material and design, and 1t is further influenced

) i 3 l’~\‘ ) . =
ercding. Its strenytn and durability dlso recommend it, since
L s

_ 7 thinner -tube walls would allow easier heat passage. and longer tube
life would minimize maintenace, repair, and replacement c®sts.

Howevear, hLits
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-ican industry currently has the capacity to produce
onsequently,
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only 18,500 short tons of titanium per yeal
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A Riofouling problems can bé curbe
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flow of water rhraough the
6 ftr/sec, organisms have more difficulty attaching rhemselves
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1c¢ to the environment in case of a

are the leading czodidates for OTEC working Fiuid use, ancd

the final decision will robably be influenced by the

low cost and high
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density at oparating é\
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Electricity in an ogean envi produce dif-
v ferent energy intensive material l%y is cheap
enough to make the processes eco instance,
seqa water%&@uld be electrolyzed ified hydro-
gen could then be shipped by tanker usg ~in,
hydrogen power cells 15/ Liquid vaduable by%pfgéuct of
the ,hydrogen-prosucing process. Nitrogen from ‘he ambient air could
be added to the hydrogen tﬁ-p ~-oduce ammonia, 1ich 'éSéﬁtly‘iS in
greater demand than 1iquid hydgg“i"' lectrolysis - gea water may -
_ ngguge significant quantities of and mag-
%?E%:um. Turthermore, 1f the nec be trans-

aluminlm. from bauxita or liguid y Any of these

energy-intensive products could b from an OTEC

'3laﬂﬁ to markets anywhere in the world e OTEC plants
t I 5 t

The identific 10n Df;aC?QuEtE sites &vill be an important step 1n
. %?lemmeﬁr 0f=QTEC's potential. Since OTEC depends on the dif-
13
vce in temperature betwoceon surface and deep ocean water, a specific
must demonstrate a temperature differential sufficient to .
quarantee efficient plant operation year round A number of such
. s 16
sites can be found world-wide between + 207 of the @quator /
Furthermora, it has been estimated that plant costs aﬂ% affected
expondafia¥ly by the tcmperature differential: / -
o 2.5

¥ . _ AT, o

T I <2 B

AT,
1
Wherre f‘l] = at sifte 1

., = b osilfte 2

VTL'* bompeoratare 1L ference at sita

*T., = temperature Adifforence at sike 2
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A. Introduction ’ o
= ==t .

- = = . i

i 3 n;L neither a ‘demoristration nor a’ prototype QTEQ pow

;  has yet been built in ‘the U.S., the'ecenomics of* the syste

what unce:taiﬁi Evgzﬁthguqh the heat exchangers, for inste

the single mos t expen51ve subsystem of an OTEC élaﬂtf acco
50-70 percent o% the . totnl:initiéﬁxgagital'Dutlafr

have -not yet éﬂth( a consensus of opinion on

;l'

n
‘to be used. FUfthémeféf until a specific site
e ti

and local biofouling will be difficult-tc
r

. precisely. re gomponent testing and laboratory modeling are needed’
in order to develég more exact cost estimates.

, B. Costs 8 ‘

arly calculations of both the initial capital cost and t

cost per kilowatt h@ﬁr-imply a favorable %con@mié future for
technologq¢. Although the first units built will cost ébﬂ:idé
more pdg kilowatt than fossil-fueled or nuclear powerplants,
pected savings due to technological 1mgrmvez§nt5, assembly line
production, lower operating and maintenance costs, nc fuel exr
and long life operation may allow OTEC powerplant# to-become
economically competitive with more contventional gnefgy sourc
the 1990's ‘ 7

&y

Early estimates of the capital cost of an OTE powerplant
t

“varied widely, since the different OTEC proponents assumed dif

T
farent temperature differentials, different design paranmete

T
I""v
"~

O
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and different materials for the wnfking flu;d and heat exchangers,
J_ Hilbert Andersgn was the first Ame:clan to publ;shenxDTEC
Lero. design and cost estimate; in 1965, he’calculated that a 100 MW
{ L%plant wauld cost on the order of $165/kW. 18/ Even if the effect
’df inElat;cn is added that figure is generally considered
' too low. More recent estimates by the SEVEfal OTEC’ proponents
A arg ;lsted 1anable_IlImll s . .

1

~Even thaugh these est;mates areiégglln 1974-1975 d@llgrs,‘
they vary because cfstge 6;fferent assumptlans mentioned apgvei
Furthérmare, the Unlver51ty of Massachusetts, CMU, and APL éll assumed
that various aspécts of OTEC technalggy could be developed or im-
Qﬁtaved with a m;nlmum of research. Csnsequently, their figures
,5geﬂérally'reflect the cdpital cost’ of an, OTEC plant after a pEflaa
:V’ﬁf research and devélapmenp TRW and L@ckheed on the other hand, ”;
A;lfweré canstfalned in. th21r analysls to state-of-the-art technology T
and costs. The;{filgures represent the' capital cost of an OTEC -

plant if it were’ deslgned and bullt tqday,

. ~
CMU researchersihave stuﬁied’th& capital cost figures listed
in the table and have recalculated them assuming identical tempera= ﬁ
turé dlfferent;als and cost per square ﬁa@t for heat exahangers.
That éémparlépn is also llsted in Table TII-1, With identical as-
sumgtlanég she capital ccsts projected by the various OTEC re-
searthers fall within a réascﬁéEly narrow range of $1,540-$1,995/kW.

OTEC c,p ital costs projected through the year 2020 are listed

- Table I1II-2. Assuming the fifgt units will be built.with present

technology, the cost range for l985 ngle:ts the present difference
" between TRW and Laﬁkheed figures, due mainly ta dlfferenL working

y o temperatufé dlffarentlalb.

-~
o

A
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. ~* TABLE 1li-1

e e o CAPITAL COST COMPARISON

s = i I

CAPITAL COST/
EXCLUDING OPERATING
COST, WITH SIMILAR
HEAT TRANSFER CO-
EFFICIENTS

CAPITAL COST/

EXCLUDING OPERATING
COST, WITH SIMILAR

“ HEAT TRANSFER COEFFICIENT

TEMPERATURE DIFFERENTIAL,
AKD HEAT EXCHANGER COST

PER FOOT

}MU B . o $1,187 571 ggs

u;l\/;SS o 712 - o NO DATA’

APL, o 357 7 B 1,540
TR 1812 1,654 B
i LQERHEEE; 7 2,594 o i 19&17 7

P

§ 5

“Source: Progress Report: Solar Sea Power Project

17/
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7 )
TABLE 111-2
. / ; OTEC COST DATA
e T o e
- OPERATING. ' LABOR REDUIHEMENTS USER COST
L CAPITALCOST*|  COST OPERATION __ CONSTRUCTION | :$/ENERGY UNIT.
™ YEAR ($/kW) (mills/kWh) | (MAN MONTHS/YR) (TOTAL MAN MONTHSK | (mills/kwh)
T EL%TT;:“*F - = . == i = — =
1975 N/A N/A N/A -~ = N/A N7A
1985 | 2100 — 2600 1.7 | 32 — 35 MAN CREW 7 - 10x 10% 42 — 51
1990 | 1400 - 1900 1.7 32 - 35 ManREW 7-10x 10 29 - 38
2000 | 1000 — 1500 1.7 32 — 35 MAN CREW 7 - 10 x 10* 21 =31
2020 | 700 - 1200 1.7 % | 32 - 35 MAN CREW 7-10x10% 16 25 *
- _ e — — . “ - : -
i ASSUMPTIONS AND DATA SOURCES *
® (09PLANT USE FACTOR :
® 0.15 FIXED CHARGES RATE
® USERCOST - CC(.15) + OM
(19 (8.76)
.® CAPITAL COST RANGE EFFECTED BY OCEAN SITES WITH 19° C<T=22°C
® EFFLUENT WATER WILL NOT INTERFERE WITH PLANT OPERATION
®  NO TRANSMISSION COSTS INCLUDED
® SITES NEAR ENOUGH TO CONSUMERS SO TRANSMISSION WILL BE ECONOMICALLY
FEASIBLE
* THIS CAPITAL COST FORECAST ASSUMES THAT COST REDUCTIONS EFFECTED BY TECHNI-
/ LOGICAL ADVANCES WILL OCCUR SEPARATE FROM AND AFTER REDUCTIONS AFFECTED BY
THE MASS PRODUCTION OF POWER MODULES. HOWEVER, SINCE SIGNIFICANTLY IMPROVED
HEAT EXCHANGERS COULD BE DEVELOPED MUCH MORE QUICKLY, CAPITAL COSTS COULD
BE REDUCED MUCH MORE QUICKLY. e .
» 5
Source: EEA. Inc - )
- {
, )
E ]
' .
. o
Q -26-
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The prajected sav1ng in capital costs at lbutable tg both
improved technclggy and lar rge scale lmplementatl on are reflected
in Table IV*E as the range of estimated c@stsﬁln,z,zﬂ ﬁswéver;
"since OTEC, technolsgy most likely will improve at he same tlmeg :éh

45 mass pr@ducticn reduces costs, the capital cost leveis;prGjected I

%%ﬁ”fbr 2020 ln Fact coula be reached earlier.

L;ké mcst lar chngiéglesg OTEC is Qapltal=1nﬁen51ve,

1 rger amounts af capital will be needed to canstruct an OTEC

Elant than are presently neéded far a similarly 51zed conventional
power plant. ﬁ@wever, since’ BTEC power is derived in a low tem="""
pg;ature low pressure aﬁv1rénment OTEC plant components may

last much longer than those of conventional Qlantsi"ﬁeat exchangers
made of titanium mayihave;a-useful life of 35 years; the hull B
itself could canceivablyﬂlast a century. Consequently, usef.

cost in miils/kwﬁ may more accurately indicate the relative cost

of OTEC power. P

b

C. Material Requirements

%

Without a working prototype or a demonstration model, it is

[

diff}éult to accurately prédicﬁ the ma;erlal needs of an OTEC
plant. 1In general, however, neither materlal nor construction
§acility needs should strain current or projected industry
capabilities. Depeﬁaing-on final Sesiqn canfiquratiaﬂs,fthe
hull and cold water pipe will most likely be co Structed of

- some -combination of Eteel reinforced cancrgte, or flberqlasg

» Fabrlcation of components w111 probably take place in ship=
bulldlnq yards using many of the same technigues as in the con-
strucﬁi@n of deep sea -0il drilling rigs, while final assembly

will probably occur at protected deep-water sites.

* £

t exchangers could nece essitate

The construction of hea
. the expansion of the currept tita nium industry, if titanium were
gb
A
/ A N




. T o ) o . F
"™. chgsen as the heat exchanger material. 1If ERDA's latest projection
of OTEC power avallablllty in the year 2000 (20,000 MW) 6/
fulfilled using Eltanlum heat eﬁahaﬁgers at the present prajected

were to be
usage rate (3700 tons/100 MNW), OTEC heat exchangers would consume R AT

approximately 40 years of current U. S. titanium production capaclty

The only other pctentiaiiy limited resource heeded for OTEC planté
is the working fluié If ammania(ﬁg%e chosen, each 100 MW QTEC plaﬁt
would need. approximately 3 x 106 pounds. Since this inventory SR

would not have to be replenished® (except iﬁ case of a leak), and
' since @mm@nia'may événtual}y be produced at sea using OTEC eléétricity,‘

the deployment of OTEC plants should n@t-strain ammonia supplies.

An OTEC plaht uses no "fuel"; tﬁ%refgréﬁ fubl cost and availability
w111 noty constrain OTEC ﬂevelopmenti’ A‘ééﬁstruéted OTEC plant néei%i»
’ iny an adequate temperature differential to produce electricity, anﬂ.
-a 'virtually limitless supply of sufficiently warm ocean surface water
lies within 20° of the equator. p '
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Ocean thermal energy Eonﬁérgionasystems dre unique among the
solar Eechn@lagies in the sense that .their operation will not be
interrupgted when Ehé suh does not shineg Solar energy is continually
converted and stored in the form of warm ocean surface waters.. Except
for slight diurnal and seasonal variations, the temperature of these
"waters remains fairly conitant. Consequently, OTEC §lants will be
. able to operate 24 hours a day, year-round, without the added égéenSe
| éf eiﬁher energy Storaée systems or conventionally fueled back-up

power systems.

'

%%« . OTEC plants a
:qenerdtlnq base- loadxel
cities. Since OTEC plan I
electricity for existing grids, the§ are capable of displacing faggil

fgéled and nuclear powerplants, the two most common base-load electricity

generators. »
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curraently- used in that production. For-instance, OTEC plhnts may ;_

. - =
2 . . . = o~
. = = B . 5
¥
* ' - . -

_Furthermore, OTEC plants may be used to produce energy. intensiv1

materials, thus displacing and saving the more conventional fuels

displace the conventicnhal fuels used to preduce aluminum from bauxite.

If hydrogen bééame a significant enéxgy source in the future, g \
.the préductian of liquid hydrogen by an OTEC plant would ﬁélp : Y-
conserve supplies of the more conventional fuels liquid hydro- - b\
gen would réplace. The production of ammonia at sea .YEP}Edli;m_,”_ir;:_,_,
1
|

plaae the natural gas and llquld hyﬁr@carbons used in the ammonia
pradﬁc;ng pr@cesses. Flnally, OTEC systems may be used to produce \
synthetic fuels (e.g., 1lqu1d naturdl gas), if some source of \
carbon can be economically Sh;gpe& to OTEC sites. The economic
préblamsfaf raw materials traﬂ5§§fta£}éﬂ may be lessened, however,

by sitji@izﬁfc plants,either near the raw material source énd/@r

near the potential markets. \

;
If OTEC power transmission constraints or price strﬁétures

promote increased Marine traffic or-industrial develanment

secondary 1mpact5 mm¥ occur. Such 1mpact§rm1qht arise both from

physical alterations oF the environment during facility construction

and @péfatlpp and from related changes in area land ugég>pgggla= \

tion, and- eConomy. Development in the coastal zones would be

regulated by State and local land use regulations anAd b§ related

plans or pro ures under the Coaatal Zone Manage en* Act. evel - .
£ R
opment of water-based in dustri%l fagllltles, if it curred,
, L
i =

wguli raise furthéf questﬂgﬁs concerning potential impacts and
ju '

~
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ENVIRONMENTAIL IMPACTS : ) .
Introduction o ' B _ -
4 ;;'giéhﬁe will 5perete:in an ocean environment, their
Tf on c:»'eieen—eetr::eyeteme,i climate, and biosystems will be the
rrmeger env1rbnmeh£e£ concerns. However, the secondary effects of
.construction of OTEC plant components and their transportation Q
v to eperetlng sites will also need to be studied. Finally, the
. development of OTEC teehnelegy may. impact local institutions Ge g. [

coastal construction cemmunltlee) eﬂd more lmpertent‘ lnternatlen=
al relations. Slnee the ocean is one of man' 'S greateet Eeeeurcee,

its 1ncreeeed utilization w;ll become a matter of growing- concern”

fer all nations. . _ _ C

»

B. Potentially Toxic Eff cts ef“Metel;_eﬂﬁiemegte

’sCurrent baseline deeiéne project the need for apér@ximetely-LDD

ft2 of heat exchange surface area for each kW of pe&er iijdueed

by an OTEC plant. Therefore, a 100 MW plant would maintdin on the ..
the order of 10 million square feak of heat exchange area, all of
which would be eentinuelly‘eubjeefed to the erosive enﬁjce:reeiﬁe

' forces of sea water flow, causing a certain "quantity of metell;e
elements to be dispersed into the ambient sea wete:!every dey;
(Although‘the optimuﬁ size of an OTEC plent\hee yet to be estab-
lished, 100 MW has been generally accepted for baseline designs.)
The quantity of exchanger material loss will not only limit the

"useful life of the heat exeheﬁéer, but it will also peftielly de-~

e plant's environmental impact on ambient sea water.

o+
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=
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m

ction Agency (EPA) has established

The U.S. Environmental, Prot
39|

upper limits for trace element concentrations in marine waters
based on recommendations f,{ the National Adademy .of Sciences.
According to the EPA: "The ﬁccepteblf limits specified in the
\
f ! N
: 7y
- 30~ o
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riteria for substances which exhibit toxic effects were derlved

o

the application of scientific judgment to lethal dose or lethal

s
concentration data in a manner that provides a margin of safety to

19/

+ test organisms." By determining the rate of exchanger surface £

.loss in normal flaws of sea water, it shauld be possible to appragi

h: Eﬁi'limits. The types of marine life 1ndlgencu5 to potential OTEC {
51tes and *heref@re EUSCEPtlblE to métalllc thlClty could

be dﬁtermlged by searching the aggrbprlate literature. )

Copper/Nicke.l
— ]

_ GTEC researchers. ﬁfaject that if 90/10 c@pper‘nlckel is used #n 1
.the heat exchangers, sea water forces could cause an exchanger wa l
thlck ess loss of apprﬂxlmately 1-4 mils. -per, year 10711/ Assumin i
‘the worst case, tHe entlre sutfaCEggrea 1Qslng four mils of materlal/‘

F
year, 3333 ft> of the alloy would be er@ded/carraaed out of 4 100

MW plant each year, or apprnﬁlmately 9 ft per’ day. Assumlng the Same
den51ty fDr _copper anﬂ ﬁl@k&l, 555 lb/ft3 (8.9 gm/cm )aﬁd assuming a

9.

séa water flow of 2 x 10 (57¥x TE ‘liters) per day, “the sea water -

flow at plant outfall wauld cantaln a copper- -nickel ‘Concentration- of
0.04 mg/l only slightly belcw the EPA " limits of 0.05 mg/l of copper
~and 0.1 mg/l of mickel. However, in aatual pxactide, éhe sea water
flow may be as much as twice as large and research to imp55Ve the co-
7 efflclent of heat transfer may allow’ EDﬂSlderably Smaliex heat exchanger
. areas Under any condltl@ns the metallic concentratlgns would be

qguickly d;luted beyond the plant Dutfall

Yet cagper—ﬁickel heat exchangers would seem to pose more pctential
environmental pf@blems than any other material candidate. Two species

of West Coast mollusks exposed to 0.1 mg/l of copper showed 100 per-

cent mortality within 72 hours. Mussels showed 100 percent mortality
at 0.14-mg/1 of copper within 24 hours. Copper in low CDﬁCPntIathhS
is also toxic to oysters. Fifty percent of copePOdA and tubeworms
Al
! . .
/ B
/ 5 ) £ .
. 4 A g 1 -
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.dispersed. each day in "the sea waﬁér flow.
i

=

:Zrespect’vely, Furthéfmare, 0.1 mg/l of copper inhibited ph@tcsynthe—g

i
sis of giant kelp by 70 percent within 48 hours.

Finally, the effeéts of Qoppér may gi even more serious because
it may be concentrated by mar ne Qfganlsms, all@Wlng it ta be ava;lahﬂj
ble in higher concentrations in the f@Dd chain. Ccncentratlaﬁ fac~
tors of marine @rganlsms are 30,000 in phytoplankton, .5,000 ln soft

tissues of mullusks, and 1,000 in fish muscle 19/

Aluyninum

The use of §1gminum in the heat exchanger would appearfta be
of less environmental concern,. even, thaugh the aluminum wauld’pra—
bably Edee/COfrode at a higher fate than the cﬂpper/nlckel alloy. 4

Assuming the same total exchanger area, 10 ﬁulllén ft2 and a yearly

-erDSlDﬂ/CDerElQﬁ rate of 6 m;stg/ 13.7 £t~ ?§>alum1num would be

éinSLty of 168
lbs/ft3 (2.7 gm/ijl, 2300 Lbs (1,0413,10 mg) of alumlgum would

be washed out of the heat exchanger each day by 2 xleg fﬁs

* -

(57 x lﬁg liters) of water, a continual concentration of d_0l8 mg/l. .

This is approximately 1 percent of the EPA limit for aluminum

‘concentrations in sea water (1.5 mg/l) . jHowever,.little is known

L i S A : . .
of th‘EtGXlC effects of alufminum on specific marine organisms.
Titanium

EPA has established n i mi or oncent -ion of ti=
tanium in sea water and 1 done on the

» of titanium

1
1d probably'allow for lower overall sur-
£

face areas, and the rates of erosion/corrosion for titanium 1in sea

o ; 9
water are known to be very low, probably much less than one mfl/yr. /
In fact, Lockheed expects a 20-mil thick titanium wall to haye a

~
. i
. ).
;') j
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* uBeful life of 35 years.'?/ Although little is.known Of the effects

of titanium on marine life,-its outf§1l concentrations woulﬂ,almcst

‘certainly be lower than the concentrations of either copper-nickel

Jor aluminum for similarly sized piaﬁts. o : JJ
¥ L ” . v _ i
Eiasgic; , . ' T
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tress and cracking problems can be @Vércéme;'and;if thérméi
pr :
plastic,especially since the use of plastlc may significantly

e

"‘1

VL’"

trans rties are adequatz, heat exehangers mayige constfuéﬁed

O
o

sfer

out of,
lower the capital costs of OTEC plants. ¥f gdastlc heat exchangers

_ wg:e used, the pr@blzﬂgaf toxicity-due to He¢at exchanger erosion/
cc§§csion would be oHviated.

/‘ ‘ '/‘.‘]
:.f‘!

C. Potential Eco fl al Impacts of Ocean Water Mlxlng

;ﬁ ) An OTEC plant will contiﬁually pumi to its condensers near the

'] ocean surface vast quantities of cold deep ocean water; it will

, bump a ‘similar amount-of warm surface waﬂér through its evaporatars.

- This artlflclal mixing of natural thermacllnesfé}allnlty'gradients, and
biotic species near an OTEC plant could have an adverse affect on
local marine ecosystems. For instance, temperature is. the single
most important éﬁVifonmEﬁﬁé% variable afféctingémariné érganisms,ig/
and operating OTEC plants by their nature modify somewhat the
natural thermoclines in their vicinity, lowering surface ﬁems

T

peratures slightly and perhaps raising temperatures slightly
The extent to which ambient

at the level of condenser outfall

Surfaae water témpératuﬂes are lowered and natural thermoclines

site cénditi@nsi How-

disrupted will depend on plant degi
ever, changes caused by a 100-240 MW O

since immediatély‘at plant outfall surface
atures will be changed only the order of 1-3 c.?%/ " purther:

¢ computer modeling studies are cufrénfly underway to determine

plant outfall levels and patterns which would minimiz ?‘th;? thermal

21/22/
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The SPElelC effects on marine life of.thermal changes of
the magnitude expected to be caused by OTEC operation have not
‘ beehéﬁéll defined. First of all, the thermal change effected
l\ by: an DTEC plant will be considerably lower than that effected
‘by m@fe conventiopal power Plan?s. (A nuclear power plant, \
f for iﬁstéhée, will discharge cooling water at 16°F above intake )
temperatures. /) Secondly, almost all regéarch relating to thermal;
stress’ on marine species has studied the effeats ,of thermal in-
creases, while an OTEC plant's Dgly certain thermal impact will
<§;é to decrease surface3%ate e pératuresi (OTEC plants ma? be
d251gned S0 that ﬁDﬂﬂEnser water is pumped Qut at levels where
1ts temperature,}s s;mllar to that of ambient Water.) Research
is needed on the effects of slight thermal decreases ‘'Oon marine

species 1ndlgenéu5 to potential OTEC sites. In

For marine organisms small enough to pass through the heat‘*g
exchangers themselves, ‘however, the temperature changes may be re
serious than for .organisms in the ambient water, since they will be

subjected to the temperatufe chanqes in & sh@rt‘peri@d of time.

fratés, marine Qrﬁaﬂisms carried thrOU§h the evaporators will
J
perience a 1- 3°¢ drop in apprax1ma§ﬁly 10 seconds. The

K
effects of such a rate of change would have to be determined Afor =

ecific organisms indigenous to specific OTEC sites.

w
"T‘I

T

[

BeSldéS thF temperature changes, any forms of ma ine life
‘E ‘éntrained in the deep ocean water pumped up to the surface will
also be SubjECtéd to changes in pressure, salinity gradients,

1

1l these factors

spoecific €ffects on

through literature/searches and laboratory testing.
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nally, marine biota may be affected by. impingement on
the s?ﬁiens vevering the eold and warﬁ water intakesi; The:
envlranméntal problem of impingement has also been studied.in
relation to flaatlng nuclear powerplants, 23/ and the effects

' durihg OTEC operation shdfild be symilar. For marine biota, im-

plngemené'ls ‘expected to be confined predominantly to small fish

At
sand pelagic invertebrates. Small schooling "bait" fishilﬂelly—

- 'fish, and pelagic crustaceans are likely to be impinged_:

nthe . .

“greatest numbers. The potential for ecologically or commercially

significant losses is small.

D. Potentially Toxic Effects of Working Fluid Leaks

Since in each OTE® plant millions of square feet of heat
exchange surface area only 20-40 mils th Ek will be exposed
to constant physical and chemical stress, there is a strong

possibility leaks\may develop in the working fluid transport

sy%fem. When the \fafer pressure 1is greater than working

£1ul y point in the working fluid 1ldop, a leak
ge of sea water into the working fluid,
in sufflcl nt quaﬁtlty causing serious cycle efficiency losses.
- ,When, on the other hand, the working fluid pressure exceeds the
water pressure at a;léakagé'p@intf the workigg fluid would seep
@b into the sea. Leaks in eithker direction could cause potential
" environmental problems, and both could happen in a single system

at the same time. ' .

\

Although ammonia is not the only working fluid candidate, it
o Y

sen because Bf its excellent thermal

aks 1into ¢ = t:$£; water are prese 2d here.
If pressure differentials allow the inward leakage
P :
of sea water, a water cleanup system would have to be installed

i
& LYy
- 35=-
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iﬁ,ﬁhevwc:king fluid loop. Such a cleanup system ééufﬁ

take several forms, the most likely being a distillation column.- _ *
Accord;ng to Lockheed's OTEC feasibility study, a distillation
cleanup systg§)f01 a 160 MW net power plant would dump a maximum

of 65 gallons of water into the ocean every haur.{ / Thl§ effluent 3

‘water, cooled down before dlspersal to 100° F, would have an amménla ;“

content of apprcx;mately 3 percent. In such small amguntsi neither

the heat nor the ammonia dlspersed ;nta the ocean frém a distllla—i

“tion- type water cleanup system would have a 31gn1flcant effect on
tﬁe environment. S

Since a working fluid inventory ﬁc,lt oring device would be
installed in QTEC plants to give early warning of ammonla leakage
into the sea water, under normal operating conditions ammonia losses
into sea water would fall within tolerable limits. Sea water flow
through a baseline 100 MW DTEC plant has been calculated to be on

_the’ o:der of 2.4-4.8 x 109 ft- /day Assuming a minimum valume of

2’}( 109 ££3 (57 x 10° liters) per day, ammonia would have to ledk into

the sea water at a rate of 5 x 104 lbs (23 x 109 mg) per day to reach

the U.S. EPA's limit for ammonia c@ncgntratlon in marine water (0.4 mg/l).

Since the normal operating inventory of ammonia for a 100 MW
OTEC plant has been calculated to be Dﬂ thE ordeé}@f 2-3.5 x 106 lbs,
even.at the_&gper limit the EPA water quality standard would
not be exceeded unless the plant wér§ losing more than 1 per-
cent of its total inventory each day. Such a serious mal-
functl%ﬁrgauld only fESUlff%Fom a major breakd0wn, a collision

with an) ocean-going vessel, or a tropical stormm.

However, a natural or manmade disaster could cause an ' »
ammonia spill which would pollute marine water beyond EPA standards.
The depth of thé laver into which tge leaked ammonia would mi%® and
the volume of ocean water impacted can oniy be determined after
final dé:is%@ns on design parameters and in Ei%ﬁ testiﬁé of currents

and thermoclines are made.
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. Little information is -available on the taxlc effetts of
ammonia on specific marine organisms. However, because of the

5light1¥hhigher alkalinity of sea water, ammonia may be more toxic
. z i i 19 . :
in sea water than in- freshwatea. / .

!

.E. . Potential Ecological, ImpactS~af Biocides

‘éhlér%gé has been suégested

biofouling on the\sea water side of heat exchange surfa
icati 0

Hy

or use as a biocide to prevent
' es. OTEC

prcpanents have suggested an appli n rate of 0.1-

ca
The U.S. EPA's Proposed Criteria for Wat%r,@galiﬁg states tf

concentrations of free resijgual chlarlne in marine waters in
excess of 0.01 mg/l are unacceptable. A;th@ugh proposed initial
concentrations in aﬁ éTEC_plant are 10-50 times greater than ERA'
acceptable ;1imit for marine water, those concentrations would be
diluted quickly by ambient sea water beyond the outfall of an OTEC
plant. The rate of djlution could be determined by dispersion
ﬁédeLiﬁq_ ‘

%

spezles wau;ﬂ be affested and to what degree by the chlo:;ne dis-
charge. Furtherfore, chlorine mixed with amm@nié may be even ’ .
more taxic;lg/ Since the possibility of such a mixture exists in an
.OTEC . plant where ammonia is used as the WQ:king fluid and chlorine
as a biocide, studies should be made to determine the potential

environmental effects of possible mixtures.

In general, marine fish have shown a slight irritant activi%y
when exposed to chlorine concentrations of 1 mg/l and a violent
irritant activity at 10 mq/l. SiﬂceaCh}E%Eﬂe;will be added to
flow-through sea water at a rate only 0.5-0.01 percent of the
rate needed to cause slight irritant activity, the toxic effects

of the chlorine on ﬁariné fish should be minimal, espegially con-

sed water.

374
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-3 . . S 1 . , . .
The'potentially toxic effects of chlorine use 4as a blocide
th

wmay be obviated, how

L)
3
\Ll
<
m
[a?
oy

-

t
.gxchanger could be brush-cleaned, although the individ

being

mercury, arsenic, tin and antimony are currently used as biocides
[y

1

in marine coatings; however, the environmental
such toxicants would have to be stu

i beoing

exchangor

propuerties to control microbiological slime

formationr.  Finally, a nlastic

surtaces to inhibit biofouling i heat transfer problems can be

QVerraome .,

ntial Worker o

The nse ot different chemicals in OTEC plants (e.qg., ammonia or

propanc as o working tluid, chlorine

a biocide) conld endanger

o ",
-
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the safety of cc Etluctlum, opera
1

w o

Therefore, safe y guidelines simi

industry for handling those chemicals

The possibility of fires or explosions would be especially serious
1f propane were chosen as a working fluid, which seems unlikely at )
the present time. Propane would tend to vaporize 1in seawater; if
undetected, it might collect underwater, posing the possibility of

B
The Occupational Safety and Health Administration he

a
standards limiting the concentration of various toxic materials

to which an ecmployee may be exposed.  The maximum al]owe

L«
o
~
T
iy
Q
o
1

centration of chlorine (8-hour welghted average) is 1.0 part

=1
hreat to human health as an air =

as limited the maximum allowable concentration of ammonia
t

1ted average) to 50 ppm.

However, ammonia's strong odor below toxic levels would
allow leaks into the air to be readi ily'detected. Furthermore,

inventory monitoring devices would warn OTEC operators of

[=

significant working fluid leaks, all@winq repairs to be made

quickly.
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atological Impacts of Lowered Sea Surface
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slightly lower the temperature

5\

"The operation of an OTEC plant may
1

rface water. A slightly lower ocean surface
Y

.g?

Iy

of ambient ccean su
temperature would lead lower aif'témpératur‘s at the
local air-water interface. : Such temperature anomalies may affect

b : , L : ,
" other aspects of the microclimate, e.g., winds and currents.

o
be insignificant. For a 100 MW plant o
square kilometers of o
OiBZ’C; for a 240 MW p
may be lowered at

brium temperature'.

£ U‘

back into the oceans

surface temperatures truauqh to interfére with the temper

e
ferentials necded for eofficient operation. Consequently,. lowered
r

they would disturb the local climate,

o ~d0- R
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H. Social and In;t}tug%qngigimpicti
Although OTEC is a new, energy f
development should have little I
structures beyond that tyéica,
:Qnstfuctian projects., Thousands
but fabrication sites and techn
astal ship-building communities, especie
build large deep-sea oil drilling p
pfotected areas néér deployment sites
~ final aQSEmblyj causing transportation a
for any deep-water *construction pro
n

1mpact on utilities. A potent
with regard to jurisdiction over OTEC pl
coast and the pricing %Efurfu}é
grid. .

. The most serious institutid

for the
1ﬂtElnaL13§;l wa

will have to

short, OTEC could open up a

the ownership and Bpe‘,aflnn

lnEEfanlﬁndl WIF&L
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PR . NEPA DOCUMENT WORK PLAN AND .-
ENVIRONMENTAL RESEARCH PROJECTS

Introduction

M’\

Thg purpose of this section is to 1

a3y '§¢ a prelfiminary draft

a
is of the ocean thermal;éhéfgy
e

]

work plan for environmental analy
' \ ~rgy Research and
Devélopment Administration (ERDA). It addresses the preparation of
ronmental Development PMans, Environmental Impact Assessments, and
Environmentakfimpact SéatéméntS, as well as the conduct of basic
and applied re% earch Suppoztlve of developing a better understand-

ing of “the environmental consequences of OTEC.

The work schgduled in this report should not be construed as

official plans of either the Division of Solar Enerqy or of ERDA

as a whole. The work shown is that identified by the contractor.

ner

Many of the projects identified and @utllned in Section D can be

carried out outside of ERDA and can be hdndled in a variety of ways.

t
t reductions or expansions in

\"h

r I
ings which may altow for significan
c c

[
effort, and it may not reflect specific work already underway 1in

the public or private sectors.

B "Description of NEPA Documents

nal Environmental Policy Act of 1969 (NEPA), imple-

n
‘utive Order on March 5, 1970, and the ¢ iidelines

m

/ of thé.COUﬂéil on Environmental Qﬁ§1ity of August 1, 1973, requ iire

.that all agencies of the Federal government prepare detalled envi
ronmental statements on major Federal actions significantly affect-

ing the guality of the human environment.. The objective of NEPA

(%) =g 2 -
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. 1s to build into the Federal agenc

y decisi

‘the earliest possible point, an appr

ation of all environmental aspects of

that adverse environmental effects

In caryxying out this mandate
‘has set out poli€y and procedures

ments.  ERDA currently operates un

, each

for

der

éestabl;shed by and for the now defunct Atomic En

careful con

ln an etfart to up- date and, reorient the guidelines t

‘alternative guidelines are now being prepared within

Although the o
dopted, because the pr

a
"this document .is to serve as an in

proposed rav1;1

opdsed chan

e
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The backbone @f ERDA I
and review (by thé agency and the

the EHVlLDHmPthl

2. Environmental Developmen

k!

An an1Lanmﬁntdl DLvelépmént Plan

management document for the planni budq&tlrj

this aﬁaly
6) h;s bee

of progr

Statements

aqes

put

sis

ams

neg,

nt Ple

LJ‘

ns

=]

and proj
ments are particularly impo
P's), Environmental Impact

(ETS"

).

(EDP)

viewing of the broad environmental implications ¢
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- these, to set forth the processes by which the publi

‘-M’j“

ERIC,

Aruitoxt provided by Eic:

echnology altérnatgve for each major ERDA research, development,

-

and demonstration and commercialization program. The EDP 15 de-
signed to identify environmental issues, problems, and Q 1Cerns
as early as possible during the program's, development to analyze

the available data and assess the TWrent state of knowledge related

to each issue, problem, and concern, to set forth str

ER

n

‘ﬂl EaA

: involved

-b [

nd resolutien of these issues, 3pfghl ; and

)

in identification
concerns, and to designate significant milestones for resolution of
these issues, problems, ‘and concerns. The timing of the EDP's mile-

stones reflects the sequencing of the technology development.- EDP's,

onge completed, are made available to the public.

3. Environmental Impact Assessments ) !

An Environmental Impact Assessment (EIA) 1is a written report,
prepared b§ E;;ASSlStEﬂt Administrator or an ‘ERDA program office,
which evaluates the engironmental im;acté of proposed ERDA actions
to assures that environmental values are considered at the earliest
ﬁeaﬂingful point in the decision-making process and wh%ch,ibased
upon the evaluation, determines whether or not an environmental

men ing rgction, operation, and si
potential conflicts with Fed§§§‘i State, regional, or local plans,
and the environmental implications of a%téfﬂdthEai

4 Env1 onmental Impact Statements

[ S

An Environmental Immact Statement (EIS) 1s a document pre-
pared at the earliest feaningful point in the decision-making pro-
cess, which analyzes the anticipated environmental impacts of propose

. ) ,

i"l 4 = 5

teglies to resolve
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C. NEPA Document Work] Plan
L .
B / .
Figure V-1 presen#s an environ nmental work SFthUlF for various

B h - i B e

iects. Also included is a schedule for the various research

which are proposed below.

rway to study several of the environ-

a . R
ec a the coast of Hawaii; the Naval
Research Lab@rgté, and the Massachusetts IﬁStltLté of Technology

kinds of computer modeling to study fluid

4

TEC technology 1s still in 1ts

b

- fe
dynamics and di . Since O

1 n
early stages of development, it will be possible to adjust it to -
n

vironmental pro oblems.

%
mitigate many of its e

=

, /
_Through the preparation of EEA's environmental survey of

ERDA's ocean thermal E‘rlel conversion ":faqrami other envif@nmental
E
r

e identified whlrh could not be adequatexy analyzed
£

r";p

ext of this study due to-the complexity of the

of necessary research data, and the

uﬂyi This section iden-
ts which the EEA staff

t

t

»f the environmental conse=
t f OTEC and which are
1

quenges of large scale commercial application o
not 11kely§:D be specifically or adequately addréssed solely in the
£

preparation of NEPA documents. Many other research projects
' E

were 1identified during EEA's study. This lisf represents a conden-
satjon and trimming down of draft lists to those.projects which were
felt to be of greates £ importance to the advancement of OTEC use
and the associated decision-making prog¢gess within the Federal govern-=
; J
ment
* ;
. -
{
)
F e
7 4 '
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)
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FIGURE V-1

OCEAN THERMAL ENERGY (EA0304)
ENVIRONMENTAL WORK SCHEDULE

CALENDAR YEAR

WORK ELEMENT 1976 1977 1978 1979 1980 1981
o N = - ———— T T T T T T T T 7T T T T T T 1T 1T
NEPA DOCUMENTS :
ENVIFONMENTAL DEVELOPMENT PLAN ) —
o EIS
PROGRAMMATIC EIA/EIS -
PROJECT EIA/EIS
i Yy EIA EIS
LJ ENG'NEER TEST FAC”_ TY e L LS
EIA | EIS
& OFF SHORE PILOT —haranaas
E i
® DEMONSTRATION, J :'ﬁA.E'S
RESEARCH PROJECTS o
=N (1) MARINE LIFE IMPACTS \\ - S S—
¥ =4
{2} OCEAN IMPACTS — i N —
* {3) WORKER SAFETY 3 I
(4) PROCESSING SAFETY I
_ - - _7 . L
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Monitoring will
plant

mmon to one or more OTEC candidate
ed to chemical and physice l
5 glﬁulat;mg those anticig

ﬂuring pi

on Ocean Environment

predict the
temperature
ribution and depletion,

impact of c
1
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1ergy absorption, and cllﬂage 111
n
da

OTE
gradients ;nd

and in situ monitoring ﬁata
be %{Ull?d for model vali

to take effect during
proposed and prilorities

~a carried out

Ssite.

For a
workers,
facility

prototyp] facility, the num
thoir duties dﬂd their lo ;atf
should be determined,

each
duties

For
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axposure Lo

a work day schedule
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1
Qua'-igativc estimates for the

1

a

potential for
chemicals assessed.
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f significant hazards are i
protective measures will be
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ased Processing !
1l safety considerations associated with
tion of ammonia and hydrogen via OTEC
duction shall be identified and the safety
procedures Gf con ventional hydrogen and
‘oduction investigated.

pn.
Ho

® Physical conditions at sea and operational differences
-of OFEC vs. conventional production operations for
these materials will be examined and relative safety

(associated control measures) of such facilities deter-
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