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1979 STATUS OF THE OTEC ENVIlH)}!HENTAL PROGRAH 

P. Hilde 

Earth Sciences Division 
Lawrence Berkeley Lahoratory 

Unive.rsity of California 
Berkeley, California 94720 

Ahstract 

Preliminary surveys and lahoratory stl~ies are heine conduc
ted in the waters of Puerto Rico, the Gulf of Hexico, anrl Rauaii 
for moored or seacoast OTEC plants and in the equatorial South 
Atlll.ntic for plant-ship operations to provide baseline data. 
These data plus existing archival infornation can be used to 
model effects of OTEC operations. Four major areas of concerns 
(1) redistrihution of oceanic properties, (2) chenical pollution, 
(3) structural effects, and (4) socio-Iegal-econonic; and 11 key 
issues associated tlith O':'EC operation have been identifierl. 
Hitigatinp, strategies can be used to alleviate many deleterious 
enVirOnl'lental effects of operational problerls as biostirr.ulation, 
olltgassinp" etc. Various assess:nent research studies on toxici
ty, biocide releases, etc., are under way to investigate areas 
\there no clear mitigatinlj strategy is [wailahle. Data from these 
prograMs is bein?, intf':~rated into a series of environmental com
pliance documents including a programn8tic environnental impact 
assessment. 

1. Introduction 

The goals of this paper are to present a lo~ical strate~y 

for the evaluatiort anrl eventual Monitoring at Ocean Thermal Ener
gy Conversion (OTEC) sites or regions so that 

o the effects of an OTEG plant on the 
environMent, an:i 

o the influence of the environMent on OTEC 
operations can be assessed. 

This should result in infor~ation \lhich can he userl hy p.n
gineers,. deSigners, and planners to insure practical safe, anr! 
efficient operations of any orEC plant and rrovi~e sufficient 
justification for operational permits for OTEC plants from thp 
involved regulatory A.8encies. 

2. Environnental Concerns 

The four major classes of environmental concerns and the kry 
issues in these classes associated llith OTEC deployment ann 
operation are: 

a redistrihution of oceanic properties 
(ocean \later mixing, inpinge"lent/ 
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entrainMent, cli!'l1atic/thermal) 
o cheRical pollution (hioctdes, working 

fluid lea~s, corrosion) 
o structural effects (artificial reef, 

botton assessment) 
o socio-Iegal-economic (~"TQrker safe.ty, 

enviro-maritine la\'1, secondary eco
nomic inpacts). 

The potential changes in the oceanographic properties of sea 
vlater due to OTEe pumping operations are a major environnental 
concern. r.ec~use large aMounts of cold deep 'Jater and ~mrm shal
lou ,,,ater will he pumped to ·the heat exchangers, likely at some 
third depth; paraneters such as teMperature, salinity, dens ity, 
dissolved oxygen, nutrients, carhonates, particulates, etc. uill 
be T:1orlified by mixing 'lith arahient ocean uater in the vicinity of 
the eventual discharge. Discharges in the photic zone may CRuse 
biostinllliation due to the increased nutrient contribution fron 
the deep waters, .with potential changes in either the size, rela
tive ahundance or species conposition ~'7ith respect to the 
resident marine poplliation resultinR in secondary effects on the 
food '·Teh. Displacement of sea Hater also coul:l have toxic ef
fects on anbient species by the introduction of trace chemical 
substances such as trace "letA.ls, or<:>,anic rlecay products, etc., 
frof'1 other depths. Certain species, oarticularly 'those \lith lmJ 
mohility, Hill be harned by i1'1pinr,cnent/entrain!1ent in the purl
ping system either hy contact vith the screens and 'Jalls of the 
pipe-heater exchanger systef'1 or by the pressure and tenperature 
changes encountered in transit of the system fro~ intake to 
discharge. Surface dischar?-p.s '1ay pro(!uce clif'1atic effects \:11' 
alteration of the air-surface~~ter-temperature ratio. Such an 
alteration, at sufficient scale such as in an OTr:C park, could 
affect the microclinate by modification of locally f,enerated 
\vinds and currents. Long-term operation of a Lar8e nunbC'r of 
OTEC plants coul.:! result in reduced available heat dnc to the 
thermal extraction •. Surface discharges also could enhance the 
rele<1se of carbon dim::ide and other gases dissolved in cold deep 
waters with potential climatic effects for lar~e scale opera
tions. This is particularly true for open cycle systems ",here 
gases even norf:1ally dissolven in the surface ocean, r;}ust he 
separated from vaporized sea water so that ~as bubbles do not 
impede plant efficiency. Such gases \Jill he vented into the 
atmosphere potentially modifying the local T'licroclinate as dis
cusserl ahove. lTo.wever, suhsurface (Iischar;:~es helow the surface 
Mixed layer in the pycnocline cOllld Mitigate all or most of the 
potential problens associated with surface discharges. 

Cheraical pollution caul,: result as functions of various OTSC 
plant oper:ltions and mai.ntenance f'roccc1lJres. ()f f'1ajor concern 
are hiocirles ~roposed to keep the system components clean of 
biological growth. There are alternative ways (various ~echani
cal systems) to clen.n heat exchanger systems, hut these 1'1ay not 
clean surfaces to the extent necessary for efficient operation. 
The T'lajor probleT1 "'ith biocides is the levels of concentration 
neederl to impede hiological groFth in the systel1 '''hicll 11OfJlIeS

tionably Hill affect organisT:ls in the vicinity of the 'lischarge. 
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FurthenlOre, if cl110rine is used as a biocirl8 and amr-lOni.:3 as a 
\lorl:in~ fluid, accirientnl cOT'lhinations of these chemicals cnn 
produce conpotlncls even nore toxic to aT'lhient oganisL1s than tile 
separ<lte che"licals. Leaks of the \lorkinp, fluin of a closp..d cycle 
system also 11ill pollute 8"1hie.nt ocean 'vater. The effects ,3P.rJ 
ch~3ical fate of proposerl working fluirl leaks i~to sea water are 
not '.Jell mderstood. Armonia, for exmaple, is a nutrient in pro
per a1'10unts and couln stimulate "larine r,ro~Jth COT1plicati!1?; tho" 
biofoulin~~ prohle!'). Houever, the excessive doses associ.atE'd IJith 
a >.lajor leak Rre toxic to l)oth narine ano hunan life. C1->enical 
pollution also will he pror1uce~ hy the corrosive effect of sea 
17ater ;J;Isninf';. throu~h the heAt e~~channer systen. Corrosion \.loul-l 
produce netallic ions, and scale particles ullich could have 
~irect toxic effects or lon~-terM effects throu~h incorporRtion 
of corrosion pro,:lucts into the particulA.te foorl supply of "1arine 
or?,anisMs through the process of b ioaccU!:lUla t ion. 

The physical presence in the ocean of .'i strncture the si7.e 
or- an OTEC syste"l itself has an iTTlpact on the ocea;l. The strl1C
ture of Hhatever configuri'ltion viII hecone1n attrnctive h,1t.,itat 
for a wide ranne of organisMs based on experience from artificial 
reefs. The long-tert1 effe.cts of the structure on the envirOWlent 
'.lil] depend on the types, size, and ahunn;lnce of the orr,::misf1s 
attracted· to or attached to the structllre ilod this ',ill "lorlify 
the local population. p.e~ional effects on populAtions ~1ir~ht 

occur by either interference \-lith, or modification of, nestinl~ 

habits or ~i~ration pathHsys. In Addition, 110th seacoast anr1 
!'1oorea plants have a physi.cal connection to t~1C sea floor throu,.~11 

either pipelines or ~oorings and cableways. The environnentA.l 
iT'lpacts on the bent~lOs ;Ire li'~ely to be Minor .lue to the snaIl 
extent of the actual contact area, especinlly in the rleep ocean. 
They nay he signific<1nt locally, particularly \Jl,('xe ~inf' !lnri 
cahlel.rays cross into the more hi0hly productive shallml T1atp.r 
areas. Such hotton Assessment studies include hath narine ~eaIo
pic an~ marine benthic COMmunity investi~ations. 

The first three najor clAsses of concerns r1ealt chiefly 'li.th 
irlp<'lcts onr~,lrine life. 'Iouever, there nre hUTl8T) consP'1'lences of 
0Tr.r. opera t ions Ilh ic hare f, ro!lpe~ 11('r(' are ~;oc io-le?,al-econoll ie 
issues. Horker. sarety is of rrhw conCf'rn n~!~lllAtec! "'y the OCCtl

'xltionaJ lle;:tlth nnd Safety l\ciMinistr.!1ti.0n (OS!q.) an(~ tIle C0ClSt 

r,lIard ·for stri.ctly rlarine occllpation;.ll concernS. Potc'Oti.,3I '.lorL 
'lazarJs are thp che"lic!11s 11sed or produce,] hy tl1f.> OTr'C sYf;tcr •. 
such as anr.l0ni."1 or eh] orine, f01l1 ueatb~r ;]tlrin~~ "wrlne opera
tions, collisic'11 a.ncl syster'1s :?ccinents. T\ec<1llse of thl" novelty 
of OTT;C operations standard S<l~l"ty procedl1res vi 11 he flIwmente'~ 

by I'rOCerllres un1.c,uc to ('':::SC. ':'hc sitin.~ of !Y;:'EC facilities 
either in internati.onAl ,'laters ()r uhere. t1;,~ '1.,unstrRa:'l e~fE'ct~> of 
nTr:c operations mif;ht intrude i.lltn intE'.rnation:ll '!Atprs, oill 
raise tl-)e issues of internntional ri~"hts ;1nr' rcsponsi.hilities 
heyond those treated hy con'Tentional '"'1<1ritif1P 1;m C1nri tr.eaties. 
I\t present the la\1 of the sen is in n state of [11.1"'~ so th.qt tl,e 
resolution of pote.nti"ll international iss1H~s T'lay ~:e conplicAtl::'.'l 
and tirne-consll1'1iT)t~. Possihle Plnlti-l",teral 'lr~rf'CT~p.nts or 
treaties among concerned parties, as is done for fish~n~ ri~hts, 
"lay he An interin solution to pntpntial l~;:;al rroblens ~.Jllich ma:; 
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impede orEC operations. Finally, the construction and operations 
of an OTEC facility nay affect existinR social and institutional 
structures. Neu jobs Hill be created ann shore-based "hoomtmm" 
growth may occur witll its associated impacts on housin~, educa
tion, sanitation, etc. The electrical energy produced by OTee 
plants may be transmitted to consumers either by AC or nc 
transMission lines. The cable needed to transmit this pom~r 
could have impacts on marine ecosystems at the sea ben and at the 
shoreli"1e. De tranSMission Hill require tHO converter facili
ties, Qne At sea and one on shore, causinfj land use problens. If 
orEe systems are used to produce air/water emissions typical of 
those prQ(1ucerl in similar land-hasen innustries. 

The 
issues is 
is founn 
OTEC. 

present and projected status of the resolution of these 
listed in Table 1. Detailed discussion of these issues 

in the 1978 Environmental Devloprlent Plan (EDP) for 

J. ~resent PrograM 

~1onitorin<>: 

The mohitorin~ strategies are desi~ned for shipboard opera
tions, !'lanned platforms as ("ell 'as instrumentecl huoys. This pro
rram is' to he inteRrated uith those proposed by nT~C ~roups for 
hio-foulin~ and corrosion, and by NOAA for synoptic orieanographic 
para:1eters. An additional goal is to rlevelop a pacl:aa,eo ~()ni
toring progran \~lich can he mobilized rapidly to aid in site 
selection for larger OTEe platforns. Data collection Rnd ~oni
toring str;,)tegies will he none in vieu of complianCe 9ith ,1:'PA 
ana ~PA, Corps of Engineers, Coast Guard, etc., regulations. 

Specifically the program initiated pre-pperational studies 
in four areas (Fig. 1). 

9 Ilm\ll1ii - one site ofr the l:ona coast 
(OTEC 1 site); 

o Puerto Rico - one site near ,Punta Tuna; 
o Gulf of nexico - re~ional survey using 

two station location: 
(1) 
(2 ) 

a South 
20-30 

'Jest of Tampa, 
sout l ) of ni loxi; 
Atlantic - iegional survey, 

fJ an(1 afEec te(i ~one. 

5-1') S, 

In the areas considered for th~ se<1 CO;)st or T1oorf'd OT1~C 

option - Ha\Jaii, Culf of >!exico, and Puerto Rico .'1 prOQ;ram has 
been initiated to take back~round data hefore placenent of any 
operatin?, OTr:r, systen in these areas. :'his is reqllirec\ to insure 
that baseline information is availal'le to evaluate the effects of 
OTCC on the anbient environaent an:-1, to provLie environmental dat;) 
useful in the desi~n of the operatin~ system. .4t this tirle, only 
attractive t~lermal regions are lmmm ~,]ith any cert::.tinty. It is 
pre~ature, the~efore, to pick exact sites for pot~ntiRl O~Er 
plants until knowlerlge of other iDportant environmental sitin~ 

factors is oht,qinec:l. Accordin9,Jy, for the initial stuclies each 
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Issues 
Ocean Water Mixing 

Impingement/Entrainment 

Climatic/Thermal 

Bioc1des 

Working Fluid Leaks 

Corrosion 

Artificial Reef 
Nesting/Migration 
Bottom Assessment 

Worker Safety 

Enviro-maritime Law 

Secondary Economic 
Impacts 

~able I - Issues, required research, and projects 

Required Research 
Status of Projects 

Completed Current Planned 
-Develop computer model to predict the impact of 

OTEC operations on oceanographic characteristics 
-Establish baseline oceanographic data at potential 

OTEC test sites 
-Characterize changes in oceanographic characteris
tics resulting from OTEC test operations 

-Determine impacts of oceanographic changes on 
site-specific marine ecosystems 

-Search existing literature to determine extent of 
impact ats1milar ocean water pumping operations 

-Monitor impacts at OTEC testing sites and define 
factors responsible for attraction of organisms 

-Develop computer models to predict impacts 
of OTEC operation on micro- and macroclimate 

-Characterize site-specific climatic impacts 
resulting from OTEC test module operations 

-Determine potential increase in levels of 
atmospheric C02 resulting from OTEC operations 

-Determine potential microclimate effects of 
degassing during open cycle OTEC operations 

-Survey existing literature to determine impacts 
of biocides on marine species 

-Monitor, sample, and characterize biocide 
discharges during OTEC testing operations 

-Conduct laboratory tests to determine the 
effects of varying levels of biocide. use on 
marine ecosystems 

-Survey existing literature to characterize 
impacts of various levels of potential work
ing fluid leaks on marine ecosystems 

-Monitor, sample, and characterize the extent 
of working fluid leaks during OTEC operations 

-Survey existing literature to determine effects 
on marine species of metallic element compounds 
discharged from heat exchangers constructed of 
various metals 

-During OTEC testing operations, monitor, sample 
and characterize metallic elements discharged 
and dispersed into ambient ocean water, and 
determine the impacts of these discharges on 
indigenous marine species 

-Define factors responsible for attraction of 
organisms 

-Provide base marine geologic data at the sites 
-Sample bottom material for geologic and biologic 
properties 

-Develop worker safety programs for OTEC facili
ties using input from land-based facilities 
using/producing the same chemicals 

-Develop a warning system for OTEC facilities 
to prevent collisions with other ocean vessels 

-Conduct survey of international law of the sea 
applicable to OTEC operations; update biennially 

-Conduct in-depth study of potential legal/insti
tutional issues involving the particular sites(s) 
chosen for OTEC operations . 

-Assess the secondary impacts (e.g., land use, 
air/water emissions, solid wastes) associated 
with construction of OTEC plants 

-Assess socioeconomic impacts of OTEC development 
-Assess ecological and secondary impacts of elec-
tricity transmission 

-Survey literature to 'characterize emissions expected 
in production of chemicals at OTEC plants; develop 
applicable control technologies 

233 

3 2 

2 2 

4 

2 

2 

2 2 

I 2 

2 

2 

2 

2 

2 

2 

I 

3 

I 

I 

I 

I 

I 

I I 

7 

I 

2 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

2 

I 

I 
I 

I 

I 

I 

I 

I 

I 

5 



(i) 
TAMPA 

SITE 

GOTEC 

• 

POTEC 

Figure 1. 

BUOY 

SOTEC 

~HU 

Honolulu &::::::::::? 

~:c> 

HOTEC 

SOTEC-1 
SITE 

Table 2 Ecological/chemical parameters 

Station Station Sampling 
Parameter °2eration Freguenc:):: Freguenc:):: 
Temperature hydrocast bi-monthly all hydrocasts 
Temperature STD,XBT bi-monthly 4 STD, 12 XBT 
Salinity hydrocast bi-monthly all hydrocasts 
Salinity STD bi-monthly 4 STD 
Water Currents current meter continuous one/30 min 

profiler bi-monthly 4 
Dissolved Oxygen hydrocast bi-monthly 2 casts 
Orthophosphate hydrocast bi-monthly 2 casts 
Total phosphate hydrocast every 4 months 2 casts 
Silicate hydrocast bi-monthly 2 casts 
Nitrate hydrocast bi-monthly 2 casts 
Ammonia hydrocast every 4 months 2 casts 
Alkalinity hydrocast yearly 2 casts 
Trace metals hydrocast yearly 1 cast 
Chlorphyll/phaeophytin hydrocast bi-monthly 2 shallow casts 
ATP hydro cast every 4 months 2 shallow casts 
Phytoplankton census hydrocast bi-monthly 1 shallow cast 
l4C uptake hydrocast every 4 months 1 cast 
POC hydrocast yearly 1 cast 
DOC hydrocast yearly 1 cast 
Zooplankton census net tow bi-monthly 6 tows 
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thermal region is divided into suhregions in 'rllich it is expected 
that the hasic environmental conditions relatin~ to OTEe are spa
tially homogeneous, although likely to vary seasonally. 

To characterize each subregion a reconnaissance henchmarI: is 
located. A benchmark is definen as a specific location, typical 
of a subregion, where serial data are taken and to I.,hich histori
cal nata nay be referred. Because of the lack of serial, lon~

term records of any kind in attractive thermal regions, ue 
believe that the henchmark approach is more valuahle in the lon~ 

term than initiating broad regional surveys ~"here variations in 
r.leasurements may ~e attri'\:)ute.d to si.te as ,.,ell as time variahi.1 i
ty. there sllbst;lntial subreeional variahility is found, the hen
chMarks will be .used as starting points for potential re~i()nal 

surveys. The intent of taking 'ieasurenents at benchmarks is to 
provide data, at a specific location, which will fon1 the basis, 
in conjunction with previously obtained data fron the area, for 
defining longer term and !'lore comprehensive environmental surveys 
required for the sitin~ an(~ permitting CTEG plants in the desi~~
nate~ thermal regions. Station operations at the reconnaissance 
~enchmark sites arr~ given in Table 2. In acldition to this sta
tion operation at each bench~ark, a current meter array '7ill he 
deployed to COMplement current profiler runs <luring station 
operations, except in Hawaii due to the loss of the Holonolo. A 
current meter array is planned at the Hawaii l)cnchmark prior to 
the deployment of OTEC-l. Satellite data, ~len available, will 
he used to assist the interpretation of data from the arrays. 
Because of costs and reliahility factors, neasurements for thl>. 
initial surveys Hill be ma:l.nly from survey ships rat~\er than fron 
instrumented buoys. The survey ship '-1i1l occupy each henchru.lrl( 
site hi-monthly for a fllini!'1UT:l of three days ~dth a(lgrrtented sam
plinr, every four months. Samplinr at each station occupation is 
desi~nen to give, at a min'irnl.lT'1, day-night variations as \l(:!ll as 
bi-monthly variations for the biologically si3nificant 
parameters. Parameters sampled hi-monthly are thou(',ht to hewe 
variations which may be dete~ted at that frequency. Parameters 
saT:lplerl every four Months are thou~ht to have: {l) less variation 
annually or (2) potential but ullresol'le.rl si9;nificance to OTEC. 
The augMented s;mp1 ing every four TTlonths also is done to cleve lop 
optimal m.eaSUrel:1ent and sampling techniques for parllcleters \.,hich 
May hecome routine· during future ::lite occllpatinns. Tlpon COl1-

pletion of the initilll study (actually, durinr; the surveys) the 
sanpling frequencies nnr1 choice of parameters will hc rp
examine~I. Results from aW;C1ented s:lT'lplinr,s, froT') serial. san
plings, and historical nata re'lie\lS ~lill he used to '~esip.n suhse
quent site data collections. Status of these sites is shown in 
Tahle 3. Geologic investi~ati.ons of the Hm']aii site have heen 
initiaterl for geotechnical reasons for the OTEC-l ~ooring. 5ini
lar s.tuoies in Puerto Rico are planned in the fall of 1 ()79. 

Assessment ------
Complerlentary to the moni.torin1=; prop,ran are a sertes of stu

~ies to ascertain those effects of potential OTEC operations that 
are not site-dependent but are generic to OTEC. ~so includerl in 
such studies are the le~al conpliance activities (Sands, et al., 
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Table 3 OTEC-ERA number of visits/site 

(July 1977 -August 1979) 

Site/Region Physical. Chemical Biological 

Mobile 8 8 6 

Tampa 6 6 6 

South Atlantic 3 3 2 

Puerto Rico 5 5 5 

Hawaii 4 4 4 

F179) an'i nodel studies (1)itmars and PaJdock, 107()) uhich .are 
,Hscussec1 in detail in this sYTnposiun. Ir.tti.al stuciies on toxi-. 
city to on~anisr1s of various OTf.C operations are undenmy at the 
Culf CoastRes~arch Lahori:ltory. The toxicities of aluninuT'lJ (heat 
e~~chan~er material), arnnonia (,mrking fluie!), anr! chlorine 
(biocirl.e) are .heing investigated hy hioassays of mullet (fi.<311), 
cop,~po;is (zooplankton). T'oiostimulation sturlies using rarliocar1)on 
uptake techniques. investigating the potential for artificial 
up\Jellinr, effects due to redistrihution of nutrients havp heen 
started in conjllnction \·1ith nitrogen fixation studies. 
[ntrainnent/impin~ement, artificial reef, and chlorine stu~ies 
ar~ heing ~~one throu~h nor.s Office of Health and En,jironnent~l 
Re.search (OHER). 

4. Afteruord 

As the initial OTEC test nodule (OTEe-I) has not heen rle-' 
ployed (scherluled April 19~()). it is too early to riet<>rr'line if 
the ~nvirom:lental strategiesad'~ocatE',:i here need to be auz,lIented 
or modified greatly. Unquestionahly strom~ inter.actions a~'lOW" 
environnental groups, regulatory agencies, designers; (?h~ineers, 
and DOE \Jil1 he required to insure the slIccess of the OTr:r, en
vironnent'll progra'n in attaininl3 thp ~oal of ecolol\ical cO'1pati
hility anrl economical viahility for OTEe systems. 

':'0 'in<;ure continuity an(l avoir1 confusirm <lnoo" st.'lte~ nor'. 
pro~ra~ positions and interi~ reports of this nature, portions of 
existing docunents such as the O~r,r. Pro-;rap SU~1f1!lry (1 07 6 ;<In,l 
lQ77), the OT~C Environmental Development Pl!ln (1977 and 197?), 
'['OE Assessment Se:ninar Ulove.nher meetin?) Dnrl a sinilar status 
paper for the 6th OTEG Conference (~~lde, 1970), have hepn quoted 
here exact) y or \lith ninor Tllo,Hfications. 
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