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Abstract 
The technical and economic evaluation of Ocean Thermal Energy Conversion (OTEC) plants 
indicates that their commercial future lies in floating plants of approximately 100 MWe capacity for 
industrialized nations and smaller plants for the small island developing states (SIDS). 
Commercial development is impaired by the lack of operational data. Unfortunately the data 
available from small experimental plants is not applicable to commercial size plants. A scaled 
version of a commercial size plant must be designed and operated to establish the life cycles of 
major components and yearly production rates prior to commercialization. Considering a modular 
design a 1/5 scaled version of a 25 MWe module is proposed as an appropriate size. This 5 MWe 
size also corresponds to a size considered viable for SIDS. 

The power block of the 5 MWe pre-commercial OTEC plant is based on a closed cycle with its 
effluent water streams used in a second stage for the production of desalinated water with flash 
evaporators and surface condensers developed for the open cycle. The warm and cold seawater 
streams are supplied using validated technologies. Performance specifications for the power and 
water cycle components were developed to iden* potential suppliers. It was determined that all 
major components are available or currently under development. The plant is housed in a 33,000 
tonne ship moored 10 km offshore. A loo0 m long 2.74 m i.d. fiber-reinforced-plastic cold water 
pipe (CWP) is attached to a gimbal at midship. The electricity is transmitted to shore via a 
submarine power cable and the desalinated water via a flexible pipe with their risers attached to the 
Countexweight-Articulated-Mooring (CAM) system. 

This information, along with the evaluation of potential sites throughout the world, indicates that 
several industrialized nations could benefit from the commercialization of OTEC and some of them 
along with numerous less developed nations are potential users of OTEC power and water plants. 
It is postulated that a consortium, funded by the governments of the industrialized nations that 
would benefit from the commercialization of OTEC, be formed to design and operate the 5 MWe 

Introduction 
A number of configurations for OTEC plants have been proposed (1). These include moored GW? 'n 
plants, grazing plants, land-based plants, shelf-mounted towers, guyed-tower and tension leg plant ~~4 9 
concepts (2,7). Large and small waterplane platforms have been considered. In general the former 
(ship shape) is considered cost effective for most commercial application studies. The main 
candidate for the first commercial-size OTEC plant is one that is moored in deep water close to the & 
coast and which transmits electrical power to shore via a submarine power cable. Another concep 

produced (4). The main advantage of this design is that the plant, with its mobility, can cruise or 
graze around the tropical waters and is essentially decoupled from land (2). 

pre-commacial plant. 

h f l f l p  

the grazing plant, operates as a self-contained factory ship on which an energy-intensive product 



The major engineering and design challenges are given by the CWP, the position keeping system, 
the submarine power cable and their attachments to the floating plant. The OTEC platform must 
interface with both the CWP and the deep ocean mooring system. The joint between the vessel and 
CWP must provide freedom in at least pitch and roll. Dynamic interactions between the vessel and 
mooring system must be evaluated. Deep ocean mooring systems or dynamic positioning thrusters 
developed by the offshore industry can be used for position keeping. The momentum flux 
associated with the warm water intake and the mixed return water may also help in positioning the 
surface vessel (4). The offshore industry provides the engineering and technological background 
required to design the riser for the submarine power cable. Mooring under OTEC open-ocean 
conditions has not been attempted. Obviously, its accomplishment is a necessary condition for the 
operation of floating plants. The tools for the extension of moored bodies to 1200 meter water 
depths have been provided by the offshore industry (3). They must be analyzed, refined, and 
expanded in reliability for OTEC needs. 

The seawater subsystems consists of the pumps and the pipes or conduits required to supply warm 
and cold seawater streams to the OTEC heat exchangers, and allow for the return of OTEC 
seawater effluents into the ocean. Because of the relatively low thermodynamic efficiency of 
OTEC, these conduits have to meet unusual specifications: the Cold Water Pipe (CWP) has to 
reach depths of about loo0 m to supply cooling fluid of high quality, at 4 to 5'C; the combined 
needs for large amounts of fluids (2.5 to 3 m3/s cold seawater per MW net), and minimal pumping 
power losses result in large diameter pipes. The design of a cost-effective structure to transport 
large quantities of cold water to the surface presents an engineering challenge of significant 
magnitude complicated by a lack of evolutionary experience. This challenge was met in the USA 
with a program relying on computer-aided analytical studies integrated with laboratory and at-sea 
tests. The greatest outcome achieved has been the design, fabrication, transportation, deployment 
and test-at-sea of an instrumented 2.4 m diameter, 120 m long, fiberglass reinforced plastic (FRP) 
sandwich construction pipe attached to a barge (9,12). The data obtained was used to validate the 
design technology developed for pipes suspended from floating OTEC plants (10,ll). This type 
of pipe is used in the floating hybrid-OTEC design described herein. 

A 5 W e  OTEC plant was selected as the size required to obtain the operational data required to 
demonstrate the technical and economic viability of OTEC and assess its environmental impact. lq// 
The Power and Water Cycles are housed in a barge or ship (Le. floating plant) with the electricity 
transmitted to shore via submarine power cables available from Pirelli. The desalinated water is @qp 
transported via a relatively small diameter hose pipe. The selected system is designed for / , / ~ ~ ~ ~  
environmental conditions corresponding to the Kona coast off Hawaii and with a five year life 

and attachment of seawater pipes to the platform; the power block consisting of the evaporator, 
turbine-generator and condenser along with the ammonia system and instrumentation and controls; 

the transport pipe (hose). 

The major tasks were determined to be the design and deployment scheme for the CWP; the 
mooring system with the electrical and fluid swivels at the connection with the platform; the 
submarine power cable ; and, the heat exchangers. Based on our background, we designed the u ,  
CWP and developed a deployment scheme using model basin data and at-sea test data (8,12). @w IMODCO was identified as the designer and manufacturer of the counterweight-articulated- 

e3 mooring (CAM) or single point mooring system including the elecmcal and fluid swivels (21). 
Pirelli could design, manufacture and install the submarine Dower cable. Aluminum Roll-bond@ 

cycle. The design integrates the following: platform hull and structures; propulsion 
positioning; land support system; seawater pipes and pumps; pipehull connection; 

the electrical transmission system consisting of the submarine power cable and 
connection; the desalinated water system consisting of flash evaporator and surface 



Figure 1 depicts the major systems for the 5 MWe OTEC he-Commercial Plant for the production 
of electricity and desalinated water. 

Design Environment 
The design oriented analysis of an OTEC system must consider both survivability design loads and 
operational/fatigue loads. The first kind are based on extreme environmental phenomena, with a 
long return period, that might result in  ultimate strength failure while the second kind result in 
fatigue induced failure through normal operations. The meteorological, sea surface, water column 
and sea floor description required to determine both kinds of loading for each major subsystem are 
established by considering design processes. 
The operational environment for the 5 W e  pre-commercial OTEC plant is given by up to 12 ft. 
(3.65 m) significant wave height (7.5 sec period); and, surface currents below 3 knots (1.5 m/s) 
corresponding to annual Occurrences of 96% in Hawaiian waters. The environmental conditions 
used to determine survivability design loads were given by: 40 knot winds, 3 knot (1.5m/s) 
surface currents, 20 ft (6.1 m) significant wave height (9.6 sec period) head seas, or equivalent. 
Given the relatively short operational life required for this platform (< 5 years), fatigue loading 
was only considered for the cold water pipe and the mooring system. In Hawaiian waters the 
design wave conditions have an annual exceedence of 0.5%. For environmental conditions 
exceeding these values, the vessel would release the CWP and the submarine power cable and 
move away from the storm track The CWP and power cable attachment sequences are designed to 
be reversible. 

Electrical Power Cycle 
A simplified flow diagram of the power cycle for the proposed power system is shown in Figure 2 
The plant is based on a closed-cycle for electricity production and on a second stage using the 
effluent water streams from the power cycle, for desalinated water production, and consisting of 
flash evaporators and surface condensers developed for opencycle. The power and water cycles 
are housed in a barge or ship with the electricity transmitted to shore via a 15 cm (6 in) submarine 
power cable and the desalinated water via a small, 15 to 16 cm diameter hose pipe. 

Given a surface water temperature range of 24OC to 28°C and a 1000 m deep ocean water 
temperature ranging from 4°C to 5"C, the design values were selected as 26°C and 4.5"C. As 
depicted in Figure 2 for the design values, the output, for the electricity production mode, would 
be 4,764 kWe-net. The power output for this cycle varies as a function of surface water tem- 
perature by = 816 kWe/ "C such that for temperatures of 28 "C and 4.5 "C under the electricity 
production mode, a gross power output of 9,056 kWe is sufficient to produce 6,396 kWe-net with 
an in-plant consumption of 2,660 kWe. With the combined production of desalinated water and 
electricit , the outputs would be 6,236 kWe-net (160 kWe required for the second stage plant) and 

produced with the second stage and has been selected to correspond to 0.600 million gallons per 
day (MGD). This would serve approximately 12,000 people, according to United Nations 
guidelines (50 gallons per person per day; however, developed countries use 2 to 3 times the value 
given by the UN). 

2,281 m 3 /day of desalinated water. This water output is only 20% of the amount that can be 

The facility will employ 274 kg/s of ammonia as the working fluid with the power extracted 
through a Rotoflow@ expander-generator and aluminum Roll-bond@ heat exchangers for the 
evaporator and condenser. The heat exchangers are currently under development by ALCAN (20). 
The design seawater flow rates are: 26.4 m3/s (418,400 gpm) of warm water and 13.9 m3/s 
(219,800 gpm) of cold water. Although not shown in Figure 2, a chlorination unit will be installed 
to minimize biofouling of the evaporator passages. The results of a long-term study performed by 



Argonne National Laboratories (1 8), at the Natural Energy Laboratory of Hawaii (NELH), indicate 
that biofouling from cold seawater is negligible and that evaporator fouling can be controlled effec- 
tively by intermittent chlorination (50-100 parts per billion chlorine for 1 hr/day). Monitoring of 
the effluent water for elevated concentrations of ammonia or chlorine will be performed on a 
regular basis. The plant and components will be designed for a minimum operating life of five 
Y W .  
Desalinated Water Cycle 
The seawater effluents from the power cycle exhibit a temperature difference of approximately 2r.beF 12 "C. This residual thermal gradient allows the production of signifcant amounts of desalinated pddk water through a socalled Desalinated Water Cycle (DWC) or second stage water production (22). 
The DWC consists of several components as shown in Figure 3. In a low-pressure vessel, or 
evaporator, the warm seawater is partially flashed into steam. The evaporator is connected to two 
surfice condensers, where the st& is knverted into desalinated (fresh) water by exchanging heat 
with the cold seawater. During this process, dissolved gases, mainly nitrogen and oxygen, are 
released from the warm seawater when pressures as low as 2% of atmosphere are reached. These 
non-condensable gases must be evacuated continuously from the second condenser, or vent con- 
denser, by a vacuum compressor to prevent accumulation and sustain the required low operating 
pressures. Non-condensables also adversely affect condensation performance through a 
blanketing effect at the heat exchanger walls. To reduce the impact of released non-condensable 
gases, a predeaeration chamber at about 17 kPa (2.5 psia) is installed below the flashing chamber, 
so that much outgassing occurs before steam genmtion, and at a higher pressure more suitable for 
compression. Moreover, gases are discharged into the DWS warm seawater effluent at 
subatmospheric pressures of about 30 kPa (4.4 psia), a procedure that not only Saves power, but 
also Testores the gas content of the warm seawater before it returns to the ocean. 

Platform, Positioning and Propulsion 
The baseline platform consists of a straight-walled 33,000 tonne barge fitted with semi-circular 
ends, 122 m long and 30.5 m beam (400' x loo'); it has a selected operating draft of 9 m with a 
16 m height. The CWP would be connected to the platform via a double gimbal joint, which 
effectively decouples the two structures in roll and pitch (2,13). 

The position control system consists of two main subsystems. Positioning and mooring are 
performed with a single point moor which will allow the platform to maintain position during 
OTEC operations and prior to departure from site with minimum power consumption, while 
providing a permanent power cable and water hose to shore. Backup positioning and main 
propulsion is perfomed with four azimuthal propulsion thrusters which provide maneuverability 
during operations and sufficient power to depart the OTEC site prior to extreme, survival 
environmental conditions. The single point moor is the Counterweight-Articulated-Mooring 
(CAM) system conceptualized and tested by IMODCO, Inc.(21). The vertical riser of the 
submarine power cable and the desalinated water hose are mounted on the CAM. The CAM is 
designed for mooring in 1200 m (4000') water depth with the floating plant exposed to the design 
environment. 

Desalinated water and electrical power will be transmitted from the subsea flexible pipe and cable, 
vertically through the mooring swivel and horizontally through piping/cable mounted on the 
structure between barge and swivel. The subsea flexible pipe and cable will be attached externally 
to the riser and buoyancy tank. 

Submarine Power Cable 
A technically feasible and cost effective carrier for OTEC energy is the submarine power cable. 
Engineering designs are available for distances of up to 150 miles from the shore line. The 



submarine power cable envisioned for this project is commercially available from pirelli. It would 
be att.ad-d to the single point mooring system described above. 

Seawater Piping 
The design considered for the cold water pipe (CWP) is a 2.74 m (9'). i.cL FRP pipe suspended 
from the OTEC platform to a depth of 1,OOO m. Warm seawater will be drawn in through a 4.6 m 
(15 ft) id. pipe from a depth of 20 m (65 ft). The mixed effluent will be discharged through a 5.5 
rn (18 ft) id .  FRP pipe at a depth of 60 m (200 ft). This discharge depth has been selected to 
minimize the environmental impact. The selected CWP walls consist of a sandwich construction, 
with two 10 mm thick cross-plied unwoven FRP facesheets separated by a 35 mm syntactic foam 
layer (thus, the outer diameter of the CWP is 2.85 m). The load bearing FRP provides structural 
strength, whereas the foam filler allows for the adjustment of wet weight and flexural bending 
stiffness, as well as for load transmission. These plastic materials have an excellent corrosion 
behavior in the marine environment 

The strength of the FRP facesheets is almost comparable to that of steel, with a modulus of 
elasticity E equal to 23,680 MPa (3.44 x lo6 psi), and a (zerocircumferential-stress) design yield 
stress os of about 235 MPa (34,000 psi). The longitudinal bending stiffness El is about 
4.75 x 109 N-m2. Eighty 12.5 m long CWP segments would be fabricated to facilitate land 
transportation, and buttconnected via splice joints near the launching site (harbor). 150 mm deep sy ''4& 
FRP ring stiffeners, located every 6 m, would provide enhanced lateral buckling capability, to JIGw6! 
resist differential (suction) loads across the CWP walls of the order of 105 Pa. I 

Several different types of CWP/Hull platform attachment (gimbal) have been proposed. This is 
required to decouple t5e pipe from the roll and pitch of the platform and minimize bending 
moments at their interface. The attachment system must provide a water seal at the cold water 
sump to insure the quality of the cold water resource. The gimbal should provide ease of 
attachment of the CWP to the platform at sea. The gimbal system selected is based on the OTEC 1 
design tested at-sea (7,13). 

CWP deployment procedures suggested for the various configurations proposed in different 
suspended CWP designs have been of two generic types: (1) horizontal tow of a full-length pipe 
with subsequent upending at the deployment site; or (2) vertical deployment, by sections, through 
the OTEC platform or an adjacent work platform. All designs have proposed transporting the pipe 
to the deployment site independently of the platform, because combined movement may result in 
excessive loads and untenable vessel handling problems. The deployment method selected is 
basically a function of material selection and CWP buoyancy characteristics; however, the type of 
platform, spar plantship or barge, for example, will also affect selection of a deployment 
procedure. In general, configurations which are buoyant or neutrally buoyant will employ the 
upending technique, while designs that are fabricated from materials that are considerably denser 
than seawater will utilize the vertical, sectional approach, in which the CWP is actually assembled 
during the deployment process. A successful deployment scenario must ensure a minimum 
exposure time at sea, define weather windows clearly and be somewhat reversible. This is 
especially important for the attachment of the CWP to the barge, since detachment must be allowed 
before extreme events (e.g., hurricanes). 

For the design considered here, the former procedure applies with the CWP transported awash 
(filled with water). A deployment model was developed for this project and calibrated with model 
basin data (17,8). 



Cold Water Pipe 
Historical evidence confirms that the CWP may be the most sensitive component of an OEC 
plant, and its deployment the most difEcult installation task. The pioneering ventures of Qaude, 
with his losses of two C W P s  during deployment in Cuba., and of one vertical CWP c o m e c ~  to a 
ship in Brazil, may not smprise us given the limited state-of-development in ocean engineering and 
materials science sixty years ago. But even with the considerable experience gained at sea through 
offshore oil exploitation in the seventies, and the availability of plastic materials, one seafloor- &&d 
anchored CWP failed in Nauru while one was lost under tow in Hawaiian waters (13). 

Fortunately, recent success stories exist, such as the continuous operation of a 1 m diameter 
bottom-mounted CWP off Keahole Point, Hawaii, since 1987 (14). Moreover, a considerable 
body of work was performed, at both analytical and experimental levels, to design a viable CWP 
for floating plants, under the leadership of the U. S. National Oceanic and Atmospheric 
Administration (NOAA). This effort culminated in the at-sea testing of a 2.4 m (8') diameter CWP 
section in Hawaiian waters (1983): it was established that Fiberglass Reinforced Plastic (FRP) 
sandwich pipe wall constructions represent a viable design for large suspended OTEC C W P s  
(9,10,11,12). 
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The conceptual CWP proposed in the previous section will be partially evaluated henceforth. 
Previous analytical studies, e.g. from the NOAA program, identified bending stresses induced by 
platform motions as the most critical operational loads (7,9). Other concerns addressed below are 
fatigue failure and transportation (towing) bending stresses. A shell analysis of the CWP, to 
quantify hoop stresses and confirm the pipe lateral buckling capability, was not attempted at this 
design stage. Likewise load evaluation during CWP handling and attachment to the platform was 
left for the final design. 

CWP Longitudinal Bending Stresses 
The basis for the evaluation of operational (in-place) longitudinal bending stresses is ROTECF, a 
linear frequency-domain computer model, which corresponds to a small wave amplitude 
assumption (6). The input to ROTECF consists of CWP characteristics, a wave field, a current 
profile, and the platform hydrodynamic coefficients. The latter must be calculated by a separate 
pre-processor routine; they were obtained here with a three-dimensional finiteelement ship motion 
program. ROTECF then couples the equations of motion of platform and discretized CWP. An 
iterative procedure allows fluid drag damping on the CWP to be accounted for, through equivalent 
linearization, since at sufficient depths below the ocean surface, drag is the only significant energy 
dissipation mechanism. 

It was found that reciprocal coupling effects are important when the platform does not dynamically &@(yqfl? 
the pipe (e.g. pipe effective dynamic mass comparable to platform displacement): P/p3" 

platform Ovenvhelni$ mo 'ons "drive" the CWP, but the CWP also acts as a motion damper for horizontal 
platform motions, except at pipe natural frequencies (12). In the present case, however, practically 
no feedback from the CWP to the supporting vessel occurred. Moreover, additional linear and 
quadratic roll damping coefficients were used to account for eddies near the bilge and bilge keels 
(5). Figure 4 shows that the roll Response Amplitude Operator (RAO) is decreased substantially, 
and that the original linear form would lead to an overprediction of the system responses in beam 
seas. 

Figure 5 shows static pipe deflections under the design current profile. It can be seen that 
deflections larger than 100 m are possible at the CWP intake, with static bending stresses as large 
as 55 MPa (3 SO00 psi). The former point is important for mooring and power-cable design 
purposes, whereas static pre-loading must be accounted for when defining dynamic stress safety 
factors. 



A number of cases were run for head and beam seas, with the significant wave height bounded by 
a CWP disconnection limit of 6.1 m (20). FiguIe 6 shows the Root Mean Square (RMS), 
amplitude of transverse oscillations, as a function of pipe location, for the limiting head-sea 
spectrum. The top node follows the platfom (pinned boundary condition), while the intake 
oscillates freely. The loth vibration mode, with a natural frequency of 0.71 r d s  appears to be 
excited Figure 7 shows the corresponding RMS stress amplitudes along the CWP. A subroutine 
was included in ROTECF to estimate extreme values based on response-spectra characteristics and 
a 1% probability of exceedence in 24 hours. This approach yields RMS multiplication factors of 
about 5, which is more conservative than the commonly used "most probable" multiplier (e.g., 
3.72 for the most probable highest amplitude in lo00 cycles with a probability of exceedence of 
63%). At any rate, predicted CWP maximum longitudinal bending stresses were always much 
lower than os (235 MPa/34,000 psi), even after adding the static current-induced component: for 
the case of Figure 7, no overall value would exceed 100 MPa (= 14,000 psi), which corresponds 
to an acceptable safety factor (> 2). 

Finally, it is obvious that other important design constraints have to be considered beside CWP 
longitudinal bending stresses. One is the maximum allowable relative angle between the CWP and 
the platform at their gimbal connection. It can be seen in Figure 8, for example, that in the 
conservative case of 6.1 m beam seas, an RMS relative roll angle of about lo', corresponding to 
maximum values of the order of 45", was calculated. If conditions were adverse enough that the 
design cumnt should also be encountered, an additional static deflection as large as 25' would 
occur. Such values are incompatible with a practical gimbal joint design, and indicate the 
importance of providing the platform with adequate directional positioning capability. 

Because of the unusual cyclic wave loading imposed on any smcture at sea, due consideration was 
given to fatigue failure. A consistent analytical methodology was adopted, based on cumulative 
damage(l6). Fatigue failure is reached as w o n  as: 

CWP Fatigue Analysis r q  +.K Sh.leb 0% + & r / M  * 

ni: number of cycles applied at stress level Oi for a given time, e.g. a year 
Ni: number of cycles to failure at stress level q for a given time, e.g. a yem 

1 

' Ni 

n u s ,  the life of the CWP, in years, may be interpreted as: &wp = c.3 
The steps followed in the analysis are listed below: 

1) An input yearly wave climate defines the probability of occurrence Pj of sea state Wj. 

2) For each sea state Wj, the CWP stress RAOs, calculated and stored through the evaluation of 
operational loads, yield an RMS stress and a zero-upcrossing Frequency fj. 

3) Each of the RMS stress above defines a Rayleigh distribution, and thus, the probabilities of 
occurrence pij of various stress levels <Ti for sea state Wj; it follows that: 



4) It merely remains to define Ni. Using the "traditional" notation 

LogNi = a(1- -), where a is detexmined experimentally, two problems arise for FRP, which 

does not seem to have been tested beyond lo7 cycles (15): 

oi 
OS 

- &wp turned out to be extremely sensitive to a, varying between 13 and 1300 years (!) 

for a E [8 , lo] 
0 

The outcome of the fatigue analysis clearly underscores the need for long-texm fatigue testing of 
FRP samples to elucidate the question of the existence of m, and to possibly determine a more 
accurately for the selected pipe wall construction In summary, the fatigue behavior of the CWP is 
acceptable for the p r e a m e r c i a l  plant with a five year life cycle; however, for commercial plants 
with design lifes of 20 to 30 years it is difficult to assess, because of the apparent lack of data for 
the failure of FRP over more than 107 loading cycles. This points to an important experimental 
need. 

CWP Transportation Bending Stresses 
A model was developed to assess the magnitude of longitudinal bending stresses while the CWP is 
being towed horizontally at or near the surface of the ocean (17). This model approximates the G; CWP as a free-free beam, and is based on the determination of local vertical motions within linear 

e\bc frequencydomain theory. Longitudinal dependence is expressed through pipe modal expansion, 
\I\ with the input wave hydrodynamic load, added mass and damping coefficients provided by strip 

LL' theory. This method of approach was satisfactorily calibrated by comparing predicted stresses for 
\$ kb a 9.1 m (30) pipe, afloat or awash, with corresponding model-basin data (8). 

Although stresses during transportation are much lower €or air-frlled (afloat) pipes, completion of 
the deployment process eventually requires pipe flooding, when upending the pipe to the platform. 
Because of the significant practical difficulties involved with &-water intedace instabfity when 
flooding a conduit as long as one kilometer, submerged configurations are chosen here since 
neutral buoyancy for the proposed CWP can be achieved with auxiliary flotation, or by filling the 

, 

pipe with brackish or fresh water (8). 0 

As mentioned before, the CWP load-bearing FRP facesheets have a design ultimate strength of 
235 MPa (34,OOO psi), in the absence of circumferential loading. Allowing half of the strength to 
be "consumed" by steady deflections (induced, for example, by partial alignment constraints of the 
CWP in waves and current), and accounting for a statistical multiplier to obtain design extremes 
from RMS values, an arbitrary threshold of 30 MPa (= 4500 psi) was selected for RMS stresses. 
For a given sea state, this threshold defines a wave-angle range within which pipe transportation is 
undesirable. Figure 9 is a plot of these confidence limits, for two values of pipe submergence. As 
may be seen, the consequences of moderately rough seas, or of an inability to keep the pipe 
sufficiently aligned with wave direction, might be avoided, for example, by transporting the CWP 
one diameter deeper than awash (1.5 diameter submergence). 



In summary, towing of the pipeline awash would be acceptable if the confidence of the deployment 
team in keeping the CWP reasonably well aligned with the dominant wave direction, or in short- 
term (= 48 hour) weather forecasts, is high. Alternatively, submerging the CWP about one 
diameter deeper would theoretically provide a significant s a f q  factor in reducing bending stresses, 
through less favorable marine envirOnrnentai conditions 

Conclusions and Recommendation 
A preliminary design of a 5 MWe floating OTEC plant for the production of elecmcity and 
desalinated water utilizing state-of-the art components has been completed. This m t  be followed 
with the detailed design, acquisition and operation of the plant to establish the life cycles of major 
components and the yearly production rates. Without this information, OTEC will not proceed 
beyond paper studies and small-scale experiments. 

nations could benefit fivm the co- * tion of OTEC and some of them Several i ndus tdmd 
along with numerous less developed nations are potential users of OTEC power and water plants. 
It is postulated that a consortium, funded by the governments of the industrialized nations that 
would benefit from the commercialization of OTEC, be formed to design and operate the 5 MWe 
precormnercial plant. 
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Figure 4 - Platform roll Response Amplitude Operator (RAO) 
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Figure 5 - Current profile and CWP static deflection as a function of depth 
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Figure 6 - CWP RMS transverse motion amplitude as a function of depth 
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Figure 7 - CWP RMS bending stress as a function of depth 
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Figure 8 - RMS relative angular motion at gimbal as a function of significant wave height 
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Figure 9 - 4500-psi confidence limits for CWP sea surface transportation 


