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ABSTRACT

The commercialization of the OTEC platforms requires the following basic
decisions to be reached prior to initiation of any flnal design and construction
efforts:

Selection of the best .platform hull shape

Selection of the best cold water pipe conflguratlon

Selectjon of the best. positioning system

Development of a conceptual design for platform ocean systems

0000

The Department of Energyxgproject ""OTEC Platform Configuration and lIntegration
sought to arrive at these decisions in two phases. The first phase consisted of
evaluation investigations to obtain the ranking of candidate ocean systems, and
the second phase involved the performance of conceptual designs for two selected
platform candidates.

This report provides a brief but comprehensive summary of the original four
volume final report.

in the first phase studies, an evaluation methodology was developed for ..-
analyzing the ocean system requirements against site criteria and a final
evaluation of integrated OTEC commercial platform candidates was performed. A
ranking of candidate: platfonms was obtained.as the end result.

For Phase-11 studles, M. Rosenblatt & Son, Inc. project team was given the
SPAR and the SPHERE platforms to perform not only the conceptual designs for, but
also cost and time schedules and sensitivity analyses. The commercial plant size
was specified to be 400 MWe (net).

A1l conceptual design work was performed for the baseline site of West Coast
of Florida. The cost differentials and other considerations involved with
deploying the platforms in.the New Orleans and Puerto Rico sites were also determined.

A demonstration.plant of 100 MWe (net) capacity, to fill the gap between test
platforms and commercial plants, was also investigated, and a pFOJeCt plan was
deve loped.

As an end product of the complete study, the costs for the SPAR and the SPHERE
platforms are reported both in térms of acquisition costs in 1978 dollars and life
cycle costs in dollars per kilowatt.
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SECTION 1.0

_ INTRODUCTION AND SUMMARY

1.1 Introduction

Commercialization of the Ocean Thermal Energy Conversion (0TEC) concept is the
main objective of the current Department of Energy (DoE) OTEC programs. To arrive
at this objective, the DoE, and prior to that the National Science Foundation- (NSF)
and the Energy Research and Development Administration (ERDA), had sponsored a num-
ber of research and development projects to arrive at feasible methods of applying
the ocean thermal energy conversion process. These individual studies covered the
following various areas of OTEC plant development: "

o The hull/platform: the design of a marine vessel to house the OTEC
power cycle as well as all other installations making up the com-
plete ocean systems.

o The power cycle: development of an OTEC cycle, consisting of the
evaporators, condensers, working fluid loops, turbines, generators,
demisters, and power conditioning equipment up to the riser power cable.

o Site environment: a study of site conditions, including parameters
such as the wind, waves, current, depth, bottom conditions, sea-
sonal weather and temperature differentials at the specified OTEC sites.

o Electric power cable: the methods and details of transmitting the
electrical power generated on the platform to the shore, including
a. riser segment, a bottom segment, and their connections.

o Biofouling/Corrosion: effects of biofouling and corrosion on any of
the OTEC components leading to degraded performance and the preven-
tion and control of biofouling and corrosion for each ocean engineering
element.

In addition to these, the institutional/regulatory constraints applicable to
projected operation of OTEC commercial platforms and the legal problems that may
have to be faced have also been subjected to studies [1].*

Developing electrical energy from the thermal energy contained in the
tropical oceans requires the use of a marine platform on which all systems
needed for the operation of the OTEC plant can be installed. The determination
of the most feasible shape for this platform and the development of a conceptual
design as well as cost estimates and time schedules are the subjects of this
project. '

As defined by the DoE, the OTEC commercial platform would contain all seawater
handling, biofouling control, and power cycle components and facilities, and "if
appropriate, energy intensive product production and support facilities'. It would
also provide for interface with the cold water pipe, the power delivery cable, and
station keeping systems. It would contain hotel and support accommodations for the
OTEC plant operating and maintenance personnel, including OTEC plant auxiliaries,
storage, and all floating facilities for energy intensive products.

* The numbers in brackets denote similarly numbered references at end of report.

Proceding page bk |,




The above definition of the hull/platform is applicable to all versions of
OTEC power generation and its use. The present study, however, concerns itself with ﬂ
only one version of the OTEC power generation and use: it is specifically for the
transmission of OTEC generated electricity to a shore-based electrical utilization
network for further distribution.

M. Rosenblatt & Son, Inc. was one of three contractors who were assigned
5 manyear effort contracts to perform this study. The project was performed
under Department of Energy Contract #EG-77-C-01-4065, it was initiated in July 1977,
and completed in July 1978.
The study consisted of the followiné main Tasks:
Task 1 - Data assembly and synthesis
Task 2A - Systems and Requirements Analysis

~Task 2B.- Evaluation Plan

Task 3 - Technology Review

Task 4 - Systems Integration and Evaluation

Task 5 - Conceptual Design

Task 6 - Facilities and Equipment

Task 7 ; Deyelopment-P]an for Demonstration Unit
Task 8 - Cost and Time Scheduie

- Task 9 - Site Sensitivity

: The final report for the complete project is presented in three separate
volumes. Volume 1 reports the results of Tasks 1 through 4, and Volume Il addresses
" the results of Tasks 5, 6, 8 and 9.

The first two volumes therefore report the results for the commercial
OTEC plants. The commercial OTEC plant is different from a demonstration unit.
It is of larger capacity; the actual output capacitywas established by the DoE
at the end of the first phase of the project. ‘

Detailed information and the conceptual design drawings are présented
in a separate volume ""Appendixes to Volume |I'.

Volume 11| addresses the results of Task.7 and reports the studies
performed on a development plan for the ''Demonstration Plant'.

1.2 Summary

The study was conducted in two phases; The first phase covered tasks 1
through 4 and consisted of a detailed evaluation of numerous candidate platform
hull shapes. The Department of Energy had specified six generic hull shapes:



o] Surfacé Ship

o .Submersible’

o Semi-submérsible

o Spar

o Disc (Cylindrical Surface Barge)
o Sphere

The MR&S team opted to study a tubular truss type platform as a seventh
generic hull shape.

The second phase covered Tasks 5 through 9 and consisted of conceptual
designs, analyses of facilities and equipment requirements, cost and time
estimates, and site sensitivity analyses, for two platforms selected by the
DoE for candidate commercial plants, as well as the development of a project
plan for a demonstration plant. »

On the basis. of results obtained from the detailed evaluation studies and
analyses performed in Phase |, the following platforms were recommended to the
DoE, by the MR§S team, as the most feasible candidates for commercial OTEC .
platforms, in order of priority:

1. Tubular Truss
" 2. Submersible
3. Spar
4., Semi-submersible
5. Sphere

It was concluded, based on preliminary cold water pipe stress analyses,
that the surface ship type platforms with integral cold water pipes would be.
subjected to much larger wave-induced bending moments than those for platforms
with submerged main bodies. '

The DoE, after reviewing the conclusions and recommendations of all three
platform contractors, assigned to MR&S the SPAR and SPHERE platforms for Phase I|
studies; and established the commercial platform output capacity to be 400 MW (net).

. MRES team generated two complete conceptual designs, one for a "Spar'' type
‘platform hull shape with inboard heat exchangers and one for a ''Sphere' type platform
also with inboard heat exchangers.

The "'Spar" platform is a vertical axisymmetric body with a high length-to-
diameter ratio. The main hull is completely submerged, and a slender access trunk
leads to.the surface. This design minimizes motions. All OTEC power-and seawater
systems are located in the.main hull. Control and test facilities, offices, and the
platform's hotel facilities are located in the deckhouse, (Figure 8). :

The "'Tuned Sphere'' platform has substantially evolved from its original
concept. [2].. The lower half of the platform is hemispherical with the exception



of the fairing into the cold water pipe well. The upper platform has been
extensively modified, (Figure A).

Cost economics and fabrication problems eliminated steel hulls for both
platforms. Reinforced concrete became the material of choice. Hulls and sea-
water piping were designed to take the static water pressure head (a function
of depth) and a wave overpressure. Decks were designed to take a 400 psi live
load when not otherwise loaded. An ANSYS analysis was performed on each hull
to confirm the structural design calculations.

The cold water pipe selection was made for each platform with the aid of
computer analysis techniques. Hull motions for each platform were predicted
using a computer program. These responses were then used in both cold water
pipe stress analysis computer programs available to optimize cold water pipe
designs. for each platform. These analyses yielded two optimized pipes for each
platform, corncudentally of similar characteristics. The first was a double-..
walled steel pipe with buoyancy chambers. The second, which was eventually
selected, was a single walled pipe formed of glass-reinforced plastic with 8"
(.203m) wall thickness, and a rigid hull attachment for both platforms. Scenarios
tfor manufacturing, assembling, deploying, and attaching these pipes were developed.

The arrangements of the seawater systems were the primary factors in the
evolution of both OTEC platform hulls. To achieve maximum plant efficiency,
the systems were optimized, considering limitations on equipment, resource
availability, and platform geometry. Arrangements of the other power, support,
and auxiliary systems followed. ‘

Drag calculations showed that the forces on the platforms at the primary
site were tremendous. At all sites the size of the platforms and the resultant
drag forces ruled out the use of dynamic positioning systems because of size,
cost, and power consumption. While a multipoint mooring system could be developed
for the other sites, the prime site was found to require the use of a 3 leg
""hollow cylindrical link'" (HCL) mooring system. Analysis of watch circle data
showed no need for a tensioning winch system,

Extensive investigations were performed for the construction and deployment
of both platforms. Analyses showed that construction of both platforms had to be
accomplished in phases, due to their immense size. The optimum land-based con-
struction site, was found to be on the Florida panhandle. An intermediate
construction site at the head of the DeSoto canyon in the Gulf of Mexico would be
used, followed by final construction at the selected commercial OTEC deployment
site.

The development of these construction/deployment scenarios: interfaced
continuously with the parallel efforts to determine the critical facilities and
equipment, and cost and time schedules.

No existing facilities can currently handle the Phase | construction.
However, following European practice for large concrete construction projects,
few problems are foreseen in developing a site, or perhaps even an artificial
island if cost economics should prove to be promising.

The total acquisition, operation, and life cycle costs for the two platforms,
in terms of $/KW, are estimated to be, per platform:



Sphere Spar

Acquisition 2690 2357
Operation 1755 1596
Life Cycle Lhhs 3953

The sensitivity of the OTEC plants to the environmental conditions at
alternate sites and its impact on platform designs were also studied. These
studies revealed that:

o Current drag at both alternate sites (New Orleans and Puerto
Rico) was considerably less than the baseline (West Coast of
F]orida) site, allowing a reduction in the mooring system costs.

o More total thermal resource would be available at the Puerto
Rico site than at the other two sites. '

o The baseline site is farthest from its nearest landfall, causing
it to be the extreme in costs for power transmission and per-
--sonnel /supply transfer:.

It was concluded on the basis of all items discussed above that:

o The Spar platform, with inboard heat exchangers as assigned to
MR&S, appears to be preferable to the Sphere configuration.

o A conservative estimate for one Spar platform construction would
be three years (as opposed to nearly four years for the Sphere).

o The most logical choice for the '""Demonstration Plant' size would
be 100 Mw,. - '
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SECTION 2.0

SYSTEMS ENGINEERING AND INTEGRATION

2;1 Platform Ocean Systems - General

The objective of the ocean systems, when integrated with the electrical
transmission system and the OTEC power cycle, is to generate sufficient power
at reasonable cost to be attractive for commercial applications. The attract-
iveness will be based on the minimum installation and operating costs in terms
of $/KW for the platforms which best meet the system requirements. The ocean
systems must perform within requirements dictated by the characteristics of
the power cycle, the electrical transmnssnon system, the site characteristics,
and the energy park configuration.

The commercial application of ocean thermal energy conversion can be
summarized as shown in Table 1. As seen there, the end output of the OTEC plants
could be either electrical power or energy intensive products. The present pro-
ject considers- the case of the electrical power generation only. The production
of energy intensive products by the use of OTEC generated electricity on board
the platform plants themselves is being performed by others [3].

The basic scenario as specified by the DoE for a commercial OTEC application
comprises an energy park consisting of a number of individual platforms, each
producing a certain level of electrical energy output. The individual platform
would interface with the macroscopic support facilities and with the interplant
and shore power transmission lines. The platforms would be spaced on the basis
of not perturbing the thermal resource availability at the specified ocean site.
Each platform, as seen in Table 1, would consist of the OTEC power equipment
installations, the electrical transmission system interface ( the power condi-
tioning equipment), and the ocean systems themselves that comprise the platform.

The first task undertaken to. arrive at this objective was the development of
a work breakdown structure to enable a thorough analysis and evaluation of the
ocean systems.

2.1.1 Work Breakdown Structure

The ocean.systems making up the complete commercial OTEC platform are
best explained in the third level work breakdown structure shown in Table 2.

It must be noted that this work breakdown structure (WBS) was N
developed by MR&S on the basis of an original WBS supplied by the DoE. It
was moditied to suit the needs of development specifically for the purpose

- of evaluating the multitude of possible shapes and configurations of the

. platform hulls and various systems. As such, it includes- hardware as well
as software. A more thorough WBS was later developed in the course of this
project prior to the initiation of Phase |l work as a result of a joint
effort by the three platform contractors, the DoE, and the NOAA.

2.1.2 Qcean Systems Requirements and Constraints

In general, the ocean system is expected to satisfy the following
requirements: :
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o Provide a satisfactory platform to contain and support the
. power system and other ancillary equipment.

o Provide sufficient continuity of operation -to ensure commercial
viability.

o Enable construction of major platform components in the United
States.

o Survive the expected extreme environmental events at all the
sites considered.

o Exhibit 40 year service life.
o Provide for maintenance or replacement of internal equipment.

o Deliver required quantity of cold and warm seawater to the
power system.

o Maintain commercially competitive.costs of the final output power.

In order to meet the above mentioned requirements, various systems of
the OTEC platform must exhibit certain characteristics and comply with certain
conditions. Given below is a summary of the requirements and constraints for
each major ocean system. '

a. Platform Hull

The platform hull shall support the power system, the seawater
‘system and service systems, and shall provide living quarters for the
crew. The platform shall be sufficiently stable and structurally sound
to permit electrical production during even the most severe storm
.conditions anticipated except hurricane conditions. For each of the
seven generic hull shapes the forms, capacities, arrangements, the
stability, drag characteristics, motions and loads, structural scantlings,
construction considerations, costs, certification requirements, and
outfitting requirements were investigated. '

b. Seawater System

The seawater system must transport sufficient quantities of cold and
warm water to the power system for the production of a specified output
power per platform. The amount of seawater required based on the power
system design data is about 70 GPM per kilowatt warm water, and 71.8 GPM
per kilowatt cold water (assuming a power plant efficiency of 2.5% and a
cold and warm water temperature range of 4°F).

c. Positioning System

The basic objective of the positioning system is to maintain the OTEC
plant on station within a specified tolerance, to offer low acquisition,
operation, and maintenance costs, and to require low parasitic power
consumption. The requirements must be determined by the effects of site
conditions, platform drag forces, economic considerations, and the reli-
ability of new applied technology. Two positioning systems, namely
dynamic- thrusters and anchor mooring systems, must be considered and a
selection must be made of one or the other, or a combination of both.
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d. Platform Service Systems

The platform service systems, as indicated in Table 2, consist
basically of the electrical and mechanical installations, interior
communications systems, environmental control and monitoring systems,
navigation and life support systems, deck machinery, and other work
systems.

e. Mission Suppdrt Systems

Mission support system considerations shall include, but not be
limited to, the following equipment and systems:

1. OTEC control and monitoring systems

2. Equipment and spare parts storage and handling installation

3. Replenishing services, including supply vessel landing and
helicoptor landing

4, Deployment facillties including transportation and towing,
and requirements for the complete OTEC platform

All of the above requirements and constraints for the five major
. ocean systems and their subsystems were investigated in detail. However,
the systems requirements considered herein were used specifically for
the development of an evaluation and ranking of the platforms for Phase |
work. Some of the: requirements were changed in some specific areas
including OTEC power module size, cold water pipe diameters, charact-
eristics of OTEC sites, etc. for the Phase || work.

2.2 Platform Hull Studies

2.2.1 Variations of Generic Shapes and Candidate Configurations

The configurations of OTEC commercial platforms from previous studies
were reviewed and new configurations were developed and analyzed as possible
candidates for consideration in the evaluation. It was seen that essentially
they belong to one of the following generic types:

o” Spar Buoy - main hull] below water surface, smallep “$par“ pierces

surface for access.

o Tubular Truss Structure - network of truss members connected to a
submerged main hull,

Surface Floating Vertically Axusymmetrlc - cy]nndrlcai main hulls.
Surface Shipshape

Surface Sphere

Semi-Submersible

.Submersible

00O0O0O0

2.2.2 First. Screenlng

ATl possible variants of each platform shape were subjected to a pre-
liminary screening and the most obviously impractical variants were eliminated
from further consideration. With the addition of some further variants of the

. spar and disc type platforms, a total of 84 hull shapes were entered into the
preliminary screening evaluation process and they were graded in accordance
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with the evaluation methodology developed for this purpose.

The variants that received the highest grades for each generic hull
shape were the following:

o} ShiEshaEe

Surface Hull with Integral Cold Water Pipe (cwp)
Surface Hull with Detached CWP

o] Submersibleélntégréi'CWP

Elliptical with Access Trunk, Inboard Heat Exchangers (HX)
"Elliptical/Access Trunk/Outboard HX

o Semi-Submersible-Intégral CWP

Inboard HX
Outboard HX

o Spar-Integral CWP

Mono-hull
Multi-hull

o Sphere-Integral CWP

Inboard HX
Outboard HX

o Disc-Integral CWP

inboard HX
Outboard HX

o Tubular Truss‘

Submerged Main Hull

" *The above 13 hull configurations were selected ‘as candidates for .inte-
gration with other ocean systems to form the OTEC platform. "

.A schematic representation of these integration candidates can be seen
in Figure 1. '

-

2.2.3 Arrangements for Candidate Hull Systems

For each of the 7 generic hull shapes, an advanced concept design was
started. As the feasibility studies for the platform hull, seawater, and pos-
itioning systems progressed, the designs were modified and arrangement sketches
were developed for each hull. Based on the thermal resource studies and
constructability considerations, it was found necessary to develop arrangements
for platform output sizes ranging from 100 MW to 400 MW.
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The concept arrangements for the 100 MW platforms are included in Figures
2 through 8 for different generic shapes. As it can be seen in these
illustrations, an integral CWP was assumed for all shapes for purposes of
uni formi ty.

The concept arrangements for the 200 MW and the 400 MW platforms were
also developed on the basis of detailed calculations performed in establishing
the platform sizes. The most important guideline, naturally, was to obtain a
platform size capable of containing the necessary number of power modules to

. give the desired output and to provide sufficient buoyancy for supporting the
complete ocean systems to be installed on board.

Drag calcu]atlons were performed for the generic platform hull configur-
ations under consideration for the three sites: Key West, New Orleans, and
Puerto Rico. Both normal and extreme conditions of wind and current were
considered using the data from the site environmental package [4].

Only static drag was considered with the wind and current acting in the
same direction. The total platform drag is broken into three components: wind
hull drag, current hull drag, and cold water pipe drag.

Figure 9 is a plot of static drag force vs. plant size for the normal
conditions at the Puerto Rico site.

2.3 Evaluation Procedure

The evaluation methodology developed with the purpose of estab]nshlng the
ranking of numerous generic hull shapes when integrated with other ocean systems,
can be summarized as shown in Table 3. The methodology basically consists of a
preliminary evaluation of the system and subsystem candidates and integration
of various systems into the complete OTEC platform. The integrated candidates
are then graded and evaluated using weighting factors developed for this purpose
and the rankings for the final |ntegrated p]atforns are thereby obtained.

The evaluation process, consisting of successive matrices for analyzing
individual ocean systems as well as integrating them, is developed on the basis
of a method outlined in [5].

When performing the preliminary evaluation of system and subsystem candidates,
as shown in Table 3, it was established that the platform service and the mission
support systems would not influence the selection of platform configurations most
suitable to the intended OTEC operations. Therefore, the evaluation is restricted
to a consideration of the platform hull, seawater, and the positioning systems.

The evaluation methodology is based on the characteristics or criteria relating
to each individual major ocean system as shown on the left hand column of Table 4
which also lists the measures of merit used in analyzing the requirements for each
criterion and the units of measurement and the basis for grade for each criterion.

The basic philosophy in performing the evaluation process was to grade the items
of significance in the work breakdown structure in accordance with the degree to
which they satisfy the requirements. In order to do this, weighting factors were
determined for each item to reflect its degree of significant contribution to the
requirements of applicable criteria. The assignment of weighting factors were
based on cost, constructability, reliability, or similar considerations. They were
quantified wherever possible or a logical approach was used where quantification.

-]5-
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MEASURES OF MERIT
"USED IN FINAL EVALUATION
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was not possible.

2.4 Integration of Ocean Systems

Various individual ocean systems were considered to be parts of a whole,
and the methods of integrating.them into one commercial OTEC platform were
established. The approach was to combine the most feasible ocean system with
other corresponding best ocean systems. For example, the most suitable cold water
pipe configuration for any one platform configuration should be the one that is
incorporated into the final OTEC platform of that shape. Similarly, the best sea-
water system layout, the best positioning system candidate, and the best platform
service and mission support system should be incorporated.

2.4.1 Platform Hull Candidates

The platform hull configurations selected as final candidates for
integration with other ocean systems are:

a. Surface ship with integral and detached cold water pipe.
b. Submersible with inboard and outboard heat exchanger configurations.
c. Semi-submersible with inboard and outboard heat exchanger configur-:
ations.
d. Spar type platform of mono~hull and muiti-hull configurations.
e. Spherical platform with inboard and outboard heat exchanger
arrangements.
‘f. Surface disc type platform with respectively high and low L/D ratio.
~g. Tubular.truss configuration. '

The above thirteen hull configurations were subjected to an evaluation
process. The resulting eighteen top candidates are tabulated in Table 5. These
are the platform hull candidates to be integrated with other ocean systems.

- 2.4.2 Seawater System/CWP Candidates

The three best candidates for the seawater system layouts all consist of
shell and tube type heat exchangers of horizontal configuration. These are to
be used in connection with surface type platforms. For platforms with submergec
main bodies, the vertical heat exchanger configurations appear to be more
suitable.

The cold water pipe configurations to be used with those platforms to
which they are applicable and most suitable are shown in Table 6.

2.4.3 Positinmning System Candidates

Table 7 lists the six positioning system candidates to be used for inte-
gration with other ocean systems. The best system for integration with an
applicable platform is a hybrid positioning system with thrusters and warm
water discharge. The second best positioning system is a multi-point mooring
system with drag anchors.  The third best-is again a multi-point mooring system
with thrusters and drag type anchors. The fourth. and fifth best systems are
three-legged hollow cy]nndrlcal 1ink (HCL) mooring systems with gravity anchors
and thrusters. The last best is a three-legged HCL mooring system with gravity

.anchors.
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TABLE 6

FINAL COLD WATER PIPE CANDIDATES
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2.4.4 Integrated Platforms

A total of enghteen platform hull candidates, eleven cold water pipe
conflguratlons, and six pOSItlonlng system conflguratlons are used in inte- ..
grating the final OTEC Commercial Platform Candidates. Tables 5 through 7
present these candidates in the order of rank as obtained from their individual
evaluation processes.

However, not all of the eleven cold water pipe configurations and not
all of the six positioning system candidates are applicable to each and every
platform. Some of these candidates are applicable specifically for one or more
types of platforms and these are identified in the tables.

The integration of these ocean systems, resulted in the final platforms
listed in Table 8. The final candidates are listed simply in the arder that
they were integrated. Also listed are the candidate numbers and the description
for each individual system used in integration. For example: the integrated
candidate #1 is a ship shape type platform hull of steel construction integrated
with a posntlonlng system candidate #6 (due to the fact that only #6 positioning
system candidate is applicable to a ship shape type platform).

Where there are more than one possible candidate for the positioning or
the cold water pipe configurations for any one platform, these are presented as
a different integrated platform candidate. In this manner, a total of 25
integrated platform candidates are named.

2.4.5 Evaluation of Integrated Platform Candidates

These twenty five candidates herein cover a complete spectrum of platform
hull shapes, positioning system, and cold water pipe configurations.

. In evaluating these integrated commercial platform candidates, the
methodology briefly discussed above and shown in Table 3, is used. However,
In order to assign grades to the candidates on the basis of costs (both
acqu:satlon and operating costs) a cost analysis study must be.performed on the
integrated platforms using the proposed ocean systems.

, This cost analysis was performed in Phase | studies and construction,
deployment, and operating costs for various integrated platform candidates were
estimated and used in the evaluation.

_ The results of the detailed evaluation process for individual systems
as well as for integrated platforms are in flle at MReS offices. Table 9
shows a sample evaluation matrix.

The results are summarized in Table 10. As it can be seen, fhe tubular
truss type integrated platform appears to be the most viable candidate for use
as a commercial OTEC platform with a Relative Figure of Merit (RFOM) of 4.63.

A close review of Table 10 reveals the following:

1. Candidates ranking #2, 5, 9 and 10 are all low L/D disc type platforn

' with varying positioning systems and construction materials.

2. #3, 4, 5, 7, 8 and 17 are all SUBMERSIBLE hulls with varying combin-
ations of heat exchanger arrangements and construction materials.

3. #11, 12, 13, 15 and 18 are all SPAR type platform-hulls with differen

construction materials and cold water pipe configurations.
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- INTEGRATION OF.FINAL INDIVIDUAL SYSTEM

CANDIDATES VITH THE PLATFORMS
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Inteqrated Platform Candidates

/.ﬂ

.Criteria .for

Evaluation

Operability

‘ReliAEility‘}:

Hai?téinaﬁilf#;'.
Sgrviyébjift¥ “;f
'S'afety - ;

Construétabi]ity'

-Technologx:;A“A

-Dave lopment-- ;-'"

Acquisition Cost

1 bperat}ﬁg Costs

Deployability .

'10 -} b.08 3.59'314.08] 3.98 3:98 Q.gs; 4;96 L;pg 3.91

6 . 3.47) 4.99 §3.833.91 | 3.91{3.75 3l7§A 3.47 | b.2b |

-.7'.' 4,12 5.#9 u:fz 3.7h"‘3:§2'ékeq  3159. 4;29 3;95'1;
g . f:' 3.30 373§ 3;83' h,gé téﬁgarhgaélﬁh;géj 3.30 5;;2:~*
5 ugos‘luL;§4 S;sq A;?éffiﬁlié qgi;  A:igl k;izf 3;49 :
'*'.8»1"A '3.?7':5;ij 'hé§5i 3;395-.3éé4 3.8;ﬂ 3.83 [3.39 h;ésii
1 s ..' 3j53 fh.8é_ aé%A 3.52A ;%]%i,g;ézi qu; .3.5' s;ﬁé-k,
;A33 Ui Aféy id;gj" KQ%} 3.59? Eé;iﬁ 5:#;. %;“31 ;.6“' ‘5;5;-f“
10 15;88 'égqé; 4153 3f89f Aéféé 3;80 3453; 3.§5m' h.gg:i{

| ol b1 §3.953.93 3.933.76 B.76 [5.83 [u.10 -

R.F.0.M.

| 3.86) 4.57 {4.31 {3.77 | 3776 {3.95 " b.8u B.62 [u.63
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Hull Pos. Integrated
Sys. | CWP | Hull Heat Exchg. Candidate
Rank - Type By # # Mat'l | Configuration | RFOM R
1 | Truss . 71 2 1 Conc. 18 L.63 9 |
2 | Disc 2| 1 5 | steel 18 4.57 2
3 | Sub . 9! 1 L Steel 18 boags 1 11
L | sub 12} 1 4 Conc. " 1B boh2] 15
5 s - Ji1sf 1 |4 |steer7y 08 |43 20
5 |otsc. - | 2| 2 |5 | steel | 18 | &31| 3.
7 |sub | 9f 2] & | steel B 4.8 12
8 | sub 12| 2 4 | conc. | - 18 - S T S
9 | Disc 171 1. | 5 }|conc.. | 1B | 405 | 23
10 |oise - {171 2 | 5 | conec. 1B - | b.ok | 25
11 | spar 5| .4 2 | steel 18 3.95 6
12 |spar . Wkl 4 |2 |Cone: | 1B 3.90 18
13 | Sear e 2 fcone. | 18 | 38| s
14 | ship - 118 5 Steel | om0 1'3.86 ) 1
15 | spar Clste |3 Steel ’A' B 3.8@ -7
15 | Axi-Sym. 16. -3 5 Steel - 18 - 4! 3.84. 22 . -
17 {sww fi1s| 2 | b |steet | 08 . |38 2.0
118 Spar“ 4] 4 3 Conc. . 08B 1379 19
19 | semi-sub |13 | 4 y | steel T8 37| a7
19 | Semi-sub | 3| 4 |4 |steer | 18 NER/; 4
21 | semi-sub | 4| & | k- Conc. |- 18 .| 3.7 5
21 |Semi-sub | 8| &4 | & | conc. | o8 376 | 10 |
23 | semi-Sub- |11 | & b Steel | o8 _ _|3.70 h )
24 | ship 6| 6 5 | conc. 18 3.62 | 8
24 Sphe?ebb 10| 6 4 | Conc. 18| 3.62 13
TABLE 10 o

FINAL EVALUATION OF INTEGRATED PLATFORMS
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4. #1h and 24 are steel SURFACE SHIPS.

5. #15 is a VERTICAL AXISYMMETRIC hull with high L/D ratio.

6. #19 through 23 are all SEMI-SUBMERSIBLE hulls with different
construction materials and heat exchanger configurations.

7. #24 is a SPHERE of concrete construction.

The above analysis indicates that a definite trend can be established
when it is assumed that for each hull shape, the most promising CWP, heat
exchanger arrangement, and the positioning system can be selected. The trend,
which can be understood when the combination of individual ocean systems for
the same type of platform are treated as one alternative appears to be as follows:

1. Truss 5.. Ship

2. Disc 6. Vertical Axisymmetric
3. Submersible 7.  Semi-submersible

L. Spar 8. Sphere

Furthermore, the resuits of preliminary stress analyses performed on
surface ship type platforms with integral CWP indicate that wave induced bending
moments tor surtace vessels are much. larger than those for platforms with Sub-
merged main bodies, such as the submersible, spar, etc. Pending further
investigation of the CWP stresses and verification of above statement by a more
accurate analysis such as by the ANSYS or NASTRAN finite element programs, it may
be said at this point in time, that any surface type platform will have a poorer
stress performance with the integral CWP arrangement. |If, on this basis, all
surface type platforms are eliminated from the ranking, we would be left with
the following eventual candidates for the commercial OTEC platform:

1. Tubular truss

2. Submersible

3. Spar

L. Semi-submersible
5. Sphere
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SECTION 3.0
TECHNICAL CONCEPT

The Department of Energy ''"Hull Recommendations Board'" reviewed inputs by
the. three contractors and made assignments for the Phase Il work.consisting of
conceptual designs, cost estimates, and time schedules. To MR&S, the SPAR and
SPHERE platforms were assigned.. The other two contractors were ass:gned the

"'surface ship and semi-submersible'', and "spar and surface sh:p“ platforms
respectively.

3.1 General Approach

The general approach in developing the conceptual designs for the two platforms
was to maintain a design spiral and arrive at 5 iterations of the platform arrange-
ments, structural scantlings, and installation techniques, as well as construct-
ability and deployability considerations. Concept drawings were developed for the-
final iteration derived as a result.of the design evolution. On the basis of the
finalized conceptual design, cost estimates were prepared and time schedules
developed for both the spar and the sphere platform. The hull output specified for
the commercial OTEC application (by the DoE) was 400 MW net capacity. Eight of
these platforms would be stationed at one OTEC site to constltute what is termed
an OTEC Energy Park, and therefore, the net power generation capacity of one park
was 3200 MWe. Feasibility studies were improved for the major ocean systems of
the spar and the sphere platforms of 400 MW capacity and critical facilities and
equipment required for the construction, deployment, and operation of these platforms
were also considered in detail and their availability was studied.

The designs and cost estimates, .dncluding facilities and equipment required for
the two platforms, were prepared for the baseline site of '"West Coast of Florida"
as specified by the DoE. However,; the costs as well as design modifications required
for the other two sites ''New Orleans and Puerto Rico'' were also considered and a site
sensitivity analysis was conducted for both platforms.

3.2 Energy Park

It is reported in [6] that OTEC should be viewed as a possible candidate for
massive baseload electricity generation. Reportedly, on the basis of ERDA and DoE
studies, there happens to be available a thermal resource capability of approximately
300,000 MW at about 190 miles off the West Coast of Florida. The West Coast of
Florida is the baseline site that the MR&S project team was assigned for the
conceptual studies. It is safe to assume, therefore, that there is that much
exploitable thermal resource at the baseline site and that this resource is or can
be made available to users over a wide cross section of the nation from a renewable
solar energy source.

Given the 300,000MW thermal resource available at:the West Coast of Florida
site, one can form an idea of how many OTEC platforms or Energy Parks may be possible
to station at this site only. The idea of an OTEC Energy Park consisting of.a
number of platforms has been developed in the first phase studies. The OTEC Park
energy output capacity for consideration in that first phase of the study was
approximatley 3000 MW, however, for the second phase of the study, -the net output
size has been established as 400 MW and the OTEC Park size becomes, on the basis
of 8 platforms to an OTEC Park, approximately 3200 MW net.
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Shown in Figure 10 is an illustration of a probable OTEC Park arrangement.
The 8 platforms of 400 MW capacity each would be spaced at a predetermined interval
between them, established on the basis of thermal recirculation considerations.

it was found desirable to have accommodations on board each platform so that
any normal operation as well as routine or emergency maintenance procedures can
continue without depending on boats or helicopters in storm conditions or emergencies.

The electrical power generated aboard each OTEC platform would. be transmitted
to a central collection point by means of power conditioning equipment ‘installed
aboard the platform and a riser cable connecting it to a standoff buoy from which
it is transmitted to a central collection platform. The central collectjon platform
would then have its own riser cable leading to the bottom of the ocean and a
submarine cable leading from the deployment site to the central dlstrlbut(on network
at a shore based connection point. . :

3.3 fConceptual Design Studies

3.3.1 General'

The evolution of arrangements for the SPAR and SPHERE platforms were
developed on the basis of ‘using 50 MWe (net) capacity heat exchanger modules
due to economy of scale.

The platform sizes to accommodate the heat exchangers, other OTEC
equipment, platform service and support systems, and the crew were established
and formalized after several design iterations.

3.3.2 Hull Structure

In the beginning of the design cycle steel and concrete were considered
as possible materials for the structural hull. Phase | studies and otheyr
sources [7] indicated that for the size platform under consideration, a concrete

~ hull would be significantly less expensive than steel although quite heavier.

The steel plates necessary for the lower hull would.be extremely thick and
present severe fabrication and welding problems. Steel is much more prone to
electrolytic action than concrete which has excellent long term properties to

z:..resist corrosion and failure from fatigue. A concrete of7ooo ps.ultlmate
compress.ive strength and a densnty of 150 pounds per cubic foot was eventually
selected, for the’ Spar platform.. -For- the Sphere, a lower ultlmate compressive
strength of 5000 psx can be used ' : : :

3.3.3 Stability

The weights, moments and centers of hull structure and of other systems
were kept under surveillance during design iterations, and platform stability
performance was investigated.

For intact stabiiity, the available GM was found to be significant during

all phases of construction, deployment and operatlon so that precise criteria
need not be applied at this time.
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In the case of damage 'stability, it became evident that to allow for
subdivision of the complete platform, or even a smaller portion, would introduce
significant structural, weight, and cost problems. Further, due to the deep
submergence of the operating platform, damage due to collision could only ocur
through collision with the very largest oil tankers (350,000 tons DWT) or a
submarine. It was felt that adequate navigational restrictions should and would
be imposed for the general safety of the OTEC park. such that the just mentioned
collision possibilities could be el'iminated. Consequently subdivision of the
main hull would not be necessary.  During construction the platforms would be
vulnerable to collision from large ships. Adequate navigation protection
would have to be taken to insure that this. does not occur. Penetration of the
main hull by. smaller craft such as tugs, supply boats, and work barges is
unlikely.

In the case of the surface piercing superstructure, damage can occur from
supply and tranfer boats alongside even if adequate navigational restrictions -
are placed on other ships. Consequently, as a minimum, the-requirements for
drill ships [8] have been imposed 6n the superstructure.

3.3.4 Seawater System
Major systems and components selected for the seawater systems include:

Warm Seawater Intake Screen (static type)
Warm and Cold Seawater Pumps (bulb type)
Seawater Gates and Valves’

Amertap System

Electrical System (for seawater system only)
Nitrogen Purglng System (for ammonla system)

" The conceptual desngns of the seawater systems for(F.gs, ]] |z)for both

platform configurations are derived from numerous design altetnatlves, offering
hydraullc, space utilization and power requirement advantages. Because of
the low heat exchanger pressure drops, care was taken to provide smooth flow
transitions and even flow distribution on the inlets to heat exchanger tube
sheets. This prevents heat'exchanger flow maldistribution which would seriously
degrade heat exchanger performance:”hence, reduce plant efficiency. Therefore,
the seawater system/component symmetry and relative locations of heat exchangers,
pumps, intakes, discharges, elbows and valves required critical evaluation and
were arranged based on well developed hydraulic and heat transfer principles
for the maintenance of optimum system performance. Hydraulic requirements
for the operation of a large, high flow, low head pump are considerably.
different from that for small, low flow, high head pumps. OTEC size pumps
are anticipated to be very sensitive to the design of intakes and discharge
condi tions. .

3.3.5 Seakeeping and Platform Motions

" The seakeeping analysis of the platforms was performed by using several
different analysis procedures involving computer programs all using the
hydrodynamic added mass, damping coefficients and wave excntlng forces determined
by the MR&S team.

. After a survey of avallable procedures it was decnded to employ Adee-Bai'

F&j computer program. This program has been developed based on Newman's
slender body theory [10]. for computing motions of spar buoy platforms.
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For the SPAR hull, the regular wave motions at the platform center
of gravity, as computed, are shown in Figure 13. The estimated natural
frequencies of heaving and rolling motions are 0.113 and 0.19 rad/sec. The
dip of the heave response in the neighborhood of the heave resonance is due
mainly to similar behavior of the heave-exciting force. The hump and hollow
of the sway response near the roll resonance frequency is attributed to the
effect of the coupled motion of sway and roll motions. :

. The results of irregular sea analyses are shown in Table 11. The’
‘results marked "Earlier Coefficients'' were based on the first set of hydro-
mechanical quantities which were. altered later. The results indicate, on a
relative basis, that the presence of the CWP does not affect the vessel motions
significantly, which is reasonable, since the mass of the pipe is small
compared to the mass of the platforms, and the wave exciting forces on the pipe
would have to be sngnnficantly reduced because of the submergence depth of the
pnpe. . . .

. Simi lar seakeeping analysis results for the Sphere'platform'are shown
‘in Figure 14 and Table 12, respectlve]y, for regular and |rregular seas.

. The results indicate that the Sphere motlons are modest but larger
than those for the Spar.

The motlons of the Spar and Sphere platforms in a severe storm are in
‘'general less than those for surface vessels in moderate conditions, so that
the platforms should.be operable under all circumstances from human and
platform service sy&tems standpoints. . :

©3. 3 6 Cold Water Pipe Analysns

The cold water pipe (CWP) analyses covered the followung range of
varlableS' .

Configuration
" Materials
Buoyancy
Connection Stlffness :
cwe Structural Cross Sectlon

0000O

A The stress analyses consudered stresses due to deadwenght, waves,
current internal flow, and platform motnons. Resistance to buckling was
aiso checked : . ,

The wave stress and platform motion stresses were determ:ned usxng .
‘the Paulling [11] and Hydronautics Computer Programs [121. :

"Many different configurations’of CWP's were conSidered.. Tables 13
and 14 give the full scenario for the SPAR and SPHERE platforms respectively.
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TABLE

Summary of MRES calculated results for the spar platform with and without
cwp (Sngnlfncant Response)

‘Significant Wave Height, H = 45.8 Ft.
_Earlier Coeff. :
. o . "L .5 Double
Parameter 24'GRP 8" GRP Wall Steel
Unit No CWP CwpP CwpP CWP.
Sway-Feet - 3.7 3.6 6.80 6.9
Roll-Deg. - 1.75 1.81 1.66 1.59
Heave-Feet -3.32 4.07 3.31
Significant Wave Height, H = 58.1 Ft. !
Earlier Coeff. o A
‘ 4,5" Double
.Parameter - | 24"GRP 8" GRP Wall Steel
Unit No CwWP| CWP CwWpP cwe
Sway-Feet 6.95 | 6.69 10.28 10.26
Rol1- Deg 2.37 | 2.4 2.23 - 2.25
Heave-Feet ~7.58 | 6.93 | 7.35 ' 5.97
Sighificaﬁt Wave Height, H = 20.0 Ft.
v : _ < ’ 4,5 Double
Paraméter 8" GRP * Wall Steel
Unit . CWP CWP
Sway-Feet 1.85 - _1.9324
Ro1T-Deg. .5584 4912
Heave-Feet .718% .58584

. '_1'3_




w

=0.068

e

. I . __
i " FIGURE- |4 RESPONSE MOTIONS OF THE TUNED SPHERE WITH SINGLE COLUMN -



TABLE 12 .

Summary of MRES calculated results for the sphere p]atform with single
column and GRP Ccwp (Slgnuflcant Motion)

Significant Wave Height, H=45. Ft.

Parameter
Units

Csway - Ft. R 8.33
Roll - -Deg.” - .02

Heave - Ft. ' C 10.0

i . _ ‘Significant Wave Height, H=58.1 Ft.
Parameter : : - ' )
Units

Sway - Ft. A : 1 . “16.14
" Roll - Deg.. ' | L am
Heave - Ft. ' . S o 15.98

Significant Wave Height, H=zo.o'F;.

Parameter
- Units
Sway - Ft.. -954
. 1484

Roll. - Deg.

Heave - Ft.

-bs5-
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TABLE 13

CWP CASES COMSIDERED

. | PLATFORM CWP
~ CONFIGURATICN . S ' - TYPE WALL . 'CONNECTION JOINT
(AN vertical» lengths ,2300") . MATERIAL AND THICKNESS BUOYANCY - ' STIFFNESS STIFFNESS
‘Single Pipe (1.D.=101") CGRP | Solid-12",10",8" Non= Rigid Rigid
' T - " L -125, " Pinned "
" ) " LS VAL 1/2 Buoyant Rigid .
i “ »“ 1] -_12”, Fu]]y Buoyant " [N
H Steel woogn . 1/2 Buoyant " "
t " S _]2“’6“,9” Ftu' 3uoyant 1" v "
M _ " Built up-k.5"x 2 walls}] 1/2 Buoyant Rigid Rigid
" Alternating " ~-GRP 24! ~ :
ARP & Steel - STL 12" None - " "
Cections :
" Concrete "o-2hn Non2 " "
! 1 g 172 Buoyant L "
L " TS TN Fully Buoyant - L "
Multiple Pipes : GRP o =14 (each) None Rigid Rigid
(4 Pipe Cluster-Each B ' :
Pipe 1D = 50.5') .
Truss (b Pipes '@ GRP no g (each) None Rigid Rigid
170 to Diagonal - - . , : A .
each pipe ID = 50.5") Steel "ot None " Rigid - Rigid
| Concrete f no-q2n Fully Buoyant ; Rigid - Rigid
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TABLE

14 . CWP CASES CONSIDERED

-

CONF1GURATION

TYPE WALL

PLATFORM CONNECTION

CWP JOTNT -

HATERIAL AND THICKNESS BUOYANCY STIFFNESS STIFFNESS

' .. . I . ’ ' .
SINGLE PIPE GRP soLip - 6',8",15" NONE RIGID RIGID
(1.0. = 101") - 16',184,21" 24! ' ‘

" " NONE PINNED RIGID

" STEEL soLip - 15',18" 1/2 BUOYANT RIGID RIGID

w Tn BUILT-UP - 4.5" x 2vaw L L |

' "CONCRETE 1- soLip - 60" BUOYANT RIGID RIGID
TRUSS (4 PIPES @ CSTEEL SOLID - 6" (EACH) - NONE RIGID RIGID

347 .. to L . = S

.DIAGONAL EACH ‘
. - E _ CONCRETE . .- .soLip--12' . NONE " "




The materials considered in the CWP studies are shown in the tables.
It can be seen that aluminum has been dropped from consideration, primarily
due its higher cost, poorer properties in salt water, limited avallablllty
and more elevated.and controlled construction requirements.

The streSS»analyses'consisted of : separately determining the deadweight,
wave, current, internal flow and platform motion induced stresses in the CWP;
adding these stresses.and comparing to allowable stresses; and checking pipe
des:gn against implosion and column buckling requirements.

The results of the stress analyses are summarized in Tables 15 and 16
for the SPAR and SPHERE platforms respectively. It should be noted that
the calculations represent results for several design spiral iterations where
slight modifications were made to the main hull. The results shown in these
two tabulations are only partial. Complete results are contained in Volume
Il report.

- The results are all for the 58.1 ft. significant wave height at New
Orleans unless otherwise noted.

In considering the possible maximum motion and wave induced stresses,
it should be noted that the "maximum expected'' value of any physical gquantity
is usually two or three times that of the corresponding significant value
for a linear system. It is known, however, that the non-linear response of
ships in severe seas is usually smaller than the corresponding linear response.
Consequently, it is felt that the average 1/106 highest value should be a
conservative maximum. This value is 5.26 RMS as shown in Tables 15 and 16.

It should be noted that in the MR&S computations the Sphere pipe stresses
are generally larger than the Spar stresses, as was expected since the Sphere
motions were greater..

To gain some insight into the observed decreased stresses of both
thinner and thicker GRP CWP's, Figure 15 was plotted for the Sphere platform.
It shows the natural frequencies of the CWP's in the range of significant
wave energy. Figure 16 shows a similar plot for steel CWP's

Figure 1/ shows the basic manufacturing details of the Spar platform
cold water plpe.
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] TABLE. 16 Results of MRES Sphere CWP Stress Computer Run
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=B = ; , ~ MAXIMUM
9ol | ||RMs MAXIMUH . o » TOTAL ALLOWANCE
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R A 4 o
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680 e oo ediooree | e g R
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3.3.7 Station Keeping

Drag calculations were performed to consider the net drag of wind and
current acting in the same direction on the platform. Drag calculations are
for static conditions; the dynamic loadings on the mooring system are considered
in the factors of safety used.

Two conditions were examined. One is a normal condition which considers
- the normal current speed- from the DoE site environmental package and the max-
imum extreme wind speed observed over the period of record. The drag calcula-
tions were performed for three sites and the results are summarized in Table

17 for the Spar platform. The results of the Sphere platform are tabulated
below: - :

‘Normal Condition " Extreme Condition

Wind Current Total Wind .. Current Total

Speed ‘Speed  Drag Speed Speed Resistance
Site 5 R T : KT KT 1b.
Puerto Rico Lo A 851,200 . 92.8 2ed3 3,035,200
New Orleans b4 ¢ HIN 1.17 }1,120,000 ~100.3 2.49 2,732,800
West Coast : : e
of Florida s - A 2.5 1,890,831 113.8 -} 5.0 7,666,115

It was evident early in the investigation that the thruster type position-
ing systems would be unrealistic in power consumption, size, and cost. Mooring
systems were the alternative. These divided into two categories which could
possibly handle the job. They were the multi-leg (8, 10, or 12 leg) mooring
system and the 3-leg hollow cylindrical link (HCL) chain system described in
[131..

The HCL system was judged to be the only one which could reasonably be
expected to handle the extreme drag conditions at the baseline site (West Coast
of Florida). The viability of the system was confirmed by computer analyses.

3.3.8 Platform Service and Support Systems

Conceptual designs were developed for the marine and electrical
engineering systems required to provide the platform services for the platforms.
Included are those services required for sustaining life support and recreational
functions and for equipment operational services. These are the services
normally required for any sea-going vessel as well as services peculiar ta the
specific OTEC platform.



Table 17 Current Conditions at Sites

Drag
e " VS Conditions. |~ . Current - Wind | Total
Coast Fla. 2.5 Normal- | 578.8. - 45 3 - 6241
o KTs | o (583.1) (46.0) | (634.1)
5.0 Extreme 2315.5 21810 2496 .6
KTs (2352.5) (184.0) (2536.5)
srto Rico S i.ZJ Normal 279.0 ' o 45.3 o324 .3
KTs | : (283.5) . (k6.0) - (329.5)
2,76 | i o L ‘
KTs Extreme 595 2 | 131.1 - 773.3
: : : (eoy.7) 1 (184.0) - (785 7)
, Orleans. |  1.17 | . Normal 2582 | 453 | 303.5
0 KTs o (262:3) | (46.0) |. (308.3)
2.49 - | - | T
KTs - Extreme , - b451.,7 ‘ 181.1 6£32.8
: L (458.9) . (184.0) (632.9)

re: A1l drag numbers are in longfonsp(metric~tons).
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Equipment and piping designs are in conformance with the applicable
sections of ABS, USCG, USPH and EPA regqulations regarding safety, materials,
workmanship and environmental considerations. All systems are designed to
accomplish the intended service.

The following systems are the major marine engineering systems required
to provide platform services.

Hypochlorination. Injection System

Fire Extinguishing and Detection System-
Bilge, Ballast, and Stripping System

Sea: Water Service. System

OTEC Units Flooding and Dewaterlng System.
Compressed Air System:

Fresh Water System:

Séa Water Sanitary System

Drain Collecting System .
10. Heating, Ventilating, and Air Conditioning System
11. Diesel 0il System:

12. Lubricating 0il Systcm

D 00~ O\ £ N —

The platform service electrical system was déveloped to satisfy the
OTEC platform's operational needs and the requirements of regulatory bodies
as it was anticipated that such requirements would apply to the OTEC platform.

An electrical load analysis and one-line diagram were prepared to
determine generator capacity and sizes of associated equipment and to show
conceptual electrical system configuration. The load analysis is shown
in Table 18.

Platform service power will normally be provided by a 4000 KW tranformer
and bus-tie cable system energized from the main OTEC generating plant. Stand-
by power will be provided by two 2100 KW diesel generator sets and associ:ated
switchgear. '

An emergency power plant, consisting of a single 1000 KW diesel generator
set and associated switchgear would be provided in compliance with regulatory
requirements. The emergency plant would be sized to energize emergency light-
ing, radio and interior communications, firefighting, control and personnel
evacuation loads (including all elevators).

The support systems, as discussed in Volume | and in [5], are those
installations which assist in the operation and maintenance of the platform.
They consist mainly of:

Lifting Devices and Deck Gear
Boat Handling
. Helicopter Handling
. Replenishment Operations

The initial consideration for an operational scenario was that durlng
normal operation, each platform in the OTEC energy park, would .have a crew of
twenty people/shift in a '"'lunchbox' type operation where they would be ferried
over from a central hotel facility for their 12 hour shift each day. These
people would be responsible for the following duties:

W N —
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Table 18 ELECTRICAL LOAD ANALYSIS'

i [ mareo | vomt | ' SR R B ' T REMARE - '}
': NAME OF EQUIPMENT No| siefer .} coun .| t R I |_Remani |
| 5 . C eagh i xw ICFL ww MRl kv ] kw el xw el kv Jur] oxw | i
'__2__' SUHHARY SHEET OTEC UP“) !OI_I-ZC DO\’IN(Z)IEE%Q]CE (3)- EMERGENCY
] — L i |
' AUKILIARY MACHINERY L723.4 2307.4 |2 1 23074 | ¥ 2910.4 - ' |
' 5 1 QTEC SYSTEM SUPPORT -105 = -l -t - K )
© ¢ | DECK MACHINERY . - 140,1 -0- |y 125 | 1 -o- 808.2 i
i1 eievarans ' 1502 asad 20028 | 302 | 30.2 i
. S} SHOP :OUIPMENT — t41.6 1 4 -o- o2 | -0- -
"8 Luorer 12.4 3.3 0 3.3 01 3.3 -] | i
- 101 INTERIOR COMMUNICATIONS - 1= 0.4 || 0. 0.4 0.7 | | ;
ol ekt 660-- 236 - | i | 376 - ) 376 - 120 - |
. 1®0 MISC., ELEX & KF_COMMUNICATIONS 2 - 48 0.8 | 0.8 | AREE
;13 TOTAL R '} 59367 2576 - |* | 27458 § | 333001 | 960.50| | . y
i ALLOWANCE FOR GROWTH (30%) D 8237 283,29 -
e Iy 1 - — — - ——
R NOTES i |} GRAND TOTAL: 3569.5 4117.3
1 1S] (1) pouER FROM OTEC PLANT VIA -, o , : ]
LY UMWe TRANSFORHER & BUS TIE .~ NORMAL OPERATIQNS . ‘ I HE p ~
Ve S — A .
el | i L 21 '
Ty . - : -~ — M. ROSENBLATT 8 SON, INC. .
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~_¢| BUS TLE TO OTEC DE-EMERGI2ED - BALLASTING/DE rLuxsnm: OPERAT 1ONS ] .
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o Control Crew
- OTEC power cycle monitoring
- Power cycle data transmission
- Administrative duties

o Maintenance & Operations Crew
- Routine maintenance & adjustment to the OTEC power
cycle, auxiliaries, and platform equipment
- Local repairs (on small scale)
- Deck operations, supplies, boat & helicopter handling

Crew shoreside rotation would follow .established offshore industry practices.
A proposed crew organization chart is shown in Figure 18.

Maintenance, taken to mean major repaif or overhaul operations rather
than routine preventive actions, generally is seen to require a crew of
specialists to augment the regular platform crew. Major component removal
routes for the Spar platform are showin, as a sample, in Figure 19.

3.&"Constructlon and Deployment of Platforms

The enormous size and dlsplacement of the 400 MW, Commercial OTEC platforms
dictate that the bases for the main hulls be. fabrlcated on land and the hulls of
the platforms constructed at an offshore site with completion and pipe installation
at the final site. However, major components such as the sphere superstructure
or spar deck house and cold water pipe sections are to be constructed in shore
facilities. This scenario will reduce construction time, and minimize costs and
risk of structural failure. The fiberglass cold water pipe in particular must
be constructed in a facility which permits high quality control. A summary of
the construction and deployment scenarios for the Spar and Sphere is shown in
Table 19. . :

The two platforms have much in common wnth regard to the facilities and equip-
ment required to construct and deploy them. However, differences in desugn nec-
essitate some differences in equipment and procedure.

_ The base of the platform is constructed onshore to build as much of the plat-
form as possible to produce a safe structure from which construction is continued
at sea, while at the same time keeping the launch draft to a minimum. Both
platforms have a launch draft of 46 feet so some dredging will be required.

It is assumed that the construction area will be self supporting with respect
to erecting the concrete hull and all concrete components. The construction site
should thus be supplied with bulkimaterials by either road, rail or barge. Due to
the large quantities of cement and sand needed for the project, it is assumed that
much of it would be delivered by barge.

The most promising construction sites appear to be in the Florida Panhandle
as shown by the arrows in Figure 20. This site offers the particular advantages
listed below.

o Close proximity to industry and. transportation.

o Protection by the Mississippi Delta from loop currents.
o Proximity to DeSoto Canyon, (Ease of deployment).
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ADMINISTRATIVE

I MASTER
1 1ST MATE
1 2ND MATE
1 MEDIC /SAFETY"
ENGINEER
.1 CHIEF ENGR

(D)
(O)
(N)

(D)

D)
' 2 WATCH SUPERVISOR/

RADIO & NAV (D&N)

7 TOTAL (6D IN)

WATCH CODE
(D) = DAY
(N) = NIGHT

" OTEC ORGANIZATION
CHART . ,

3 (HOTEL GROUP) (2D & IN)

9. TOTAL (6D, 3N)

HOTEL

1 COOK .
{1 MESS STEWARD ([ = G
1R S

4

]

PLATFORM CONTROL & MAINTENANCE

2 MECHANIC (D&N)

2 ELECTRICIAN (D&N)
-2 INSTRUMENTATION ENGINEER (D&N)

3 DIVER/DECK HAND (D)
3 ROUSTABOUT (D}

12 TOTAL (9D, 3N)

o

1 (HOTEL GROUP)
PER ADDITIONAL
15-20 CREW- PER SHIFT

|

! WORKMEN, SCIENTISTS, »

DEPENDING ON ARRGT -

VIP S & TRANSIENT

__& ENGINEERS__
12 TOTAL _

e — e —

- OTEC CONTROL.
1 (CONTROL GROUP) ~ -
2 CONTROL ROOM OPERATOR (D&N)
2 ROVING OPERATOR/OILER (D&N)

12 MECHANIC (D&N)

12 ELECTRICIAN D&N)
8 TOTAL (4D, 4N)

T+

1 (CONTROL GROUP)
" PER ADDITIONAL 20-30 POWER
MODULES DEPENDING ON ARRGT

FIGURE 18
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PHASE |

PHASE |1

PHASE 111

PHASE |

PHASE |1

PHASE 11

PHASE IV

TABLE 19

SUMMARY OF CONSTRUCT ION/DEPLOYMENT PHASES

PART A - OTEC SPAR

The construction of the lowest section of the Spar, called
the '"grapefruit' is begun at a land site. This section’is
towed out to the intermediate site.

The platform is completed to the 440 ft. level at an in-
termediate site in relatively shallow water.

The partially completed platform is towed to the operational
site for attachment of the CWP, the mooring system,completion
of the platform, and startup.

PART B - OTEC SPHERE

During this Phase the lower portion of the concrete hull is
constructed on shore and is launched.

The lower portion of the hull is towed to an offshore site,
having a sufficient depth of water, and is moored. The re-
mainder of the hull is completed and all seawater, power and
auxiliary systems are installed with the exception of the cold
water pipe and the superstructure.

During this Phase the completed hull is towed to its operating
site and permanently moored. The cold water pipe is installed.

The superstructure is erected, and the support and power
transmission systems are installed. The plant is started.

-6]1-
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o Proximity to OTEC park sites at New Orleans, to baseline site of
West Coast of Florida and to Puerto Rico site.
o Potential to use loop current (Gulf of Mexico) to assist in deployment.

Whether it is preferable to construct an artificial offshore island or dredge
a channel from the shore will depend on. the results of a detailed study of the
environmental impact, effect on local residents, cost and other considerations.

The offshore construction site for the main hull without the pipe will be
temporarily located as close to.shore as. possible to. minimize transportation costs
of material and construction crew. Barges will be required for transportation of
material and to provide a working platform .around the hull. A temporary single
point mooring sytem will be required to position the platform.

The HCL links of the mooring systems for both platforms are enormous. A
shoreside steel fabrication facility will be required to produce these links.

Similarly, a concrete construction facnllty wnth equipment for producing
floating concrete structures is required to produce the three free-fall dead-
weight.:anchors.

Several large pieces of construction equipment are anticipated to be required
by both the spar and sphere construction scenarios at their shallow and deep water
construction sites.

Figures 21 and 22 show  the last phases of constructlon sequences for the
Spar and Sphere platforms.

¥

3.5 Cost Estimates and Time Schedules

3.5.1 Cost Estimates

The basic guidelines used in developing the cost estimates are,
briefly: 4

o The OTEC Park consists of eight 400 MWe (net) platforms.

o Coust estimates arc to be developed in compliance with the 'Work
Breakdown Structure'' (WBS) supplied by the DoE.

o Estimates are to include all acquisition, deployment, and
operating costs as well as site prepardtion ccsts for con-
struction facilites.

o OTEC Park baseTine &ite 'is West Coast, Florida.

The costs .for: acquisition; deployment: .and: operation ef the .fndividual
platforms and the OTEC Park were generated by MRES.

The cost estimates followed the:standardized WBS for the OTEC plants.
Specific WBS items given below were considered:
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1.0%" .Platform System

2.0: Cold Water Pipe System

5.0: System Engiheering and Integration

6.0: System Test and Evaluation

8.0:" Deployment Systems and Services

9.0: Industrial Facilities

10.0: Environmental, Legal, Licensing, Regulatory, and Insurance
11.0: Project Management

Power systems costs, ltem 3.0 of the WBS, are not addressed by the platform
contractors, nor are the energy transfer systems costs. However, the cost of
installing the power sytems equipment on the platform are lncluded in MR&S cost
estimates.

Similarly, for the energy transfer systems, the installation of the electrical
transmission system Interflace, i.e. the power conditioning equipment, on- thé
hull, is included.

Detailed cost estimates are prepared for major systems and any other ''cost.
drivers'', i.e. items which make up 10% or more of the acquisition costs.

The costs for all other items in the WBS are based on parametric estimates.
The parameters used are costs per weight of material unit length, number of years
service, etc. '

‘Cost estimating efforts essentially consisted of determining the:

Acquisition cost of platform
Construction facilities cost
Deployment costs

Design, integration, and testung costs
Cost of industtrialfacilities:

Cost of special test facilities

O000O0O0

The summation of the above six cost categories resulted in a total acquisition
cost for the first platform. It included, as such, the recurring as well as non-
Tfecurring costs, regardless of the number of platforms to be built. For the second
platform, however, the non-recurring costs were deducted from the first platform
cost and/or a percentage of the non-recurring costs were left in the total cost as
required. Table 20 presents a listing of non-recurring costs.

' Tables 21 and 22 summarize all costs and report the results of life cycle
estlmates as well as. unlt costs for the Spar and Sphere platform respectively.

As ponnted out, the costs reported in Tables 21 and 22 are for the baseline
site at West Coast of Florida.(Tampa). However, many cost items are qulte
sensitive to changing conditions at the deployment sites. Table 23 summarizes the
cost differentials at various sites. ' .
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Table 20

' SPAR SPHERE
NON-RECURRING COSTS (3000) - T5000)
PRELIMINARY DESIGN 388 _ 1,013
CONTRACT DESIGN ..~~~ ==~~~ T T,776_ 1 72,026
DETAIL DESIGN_———— ———— —7T7—"75,327" "7~ 76,080
1.1 PLATFORM INTEGRATION ENGINEERTNG | — — 888~ ~— T~ 1,013
1.6 ASSEMBLY SUPPORT SYSTEMS _ T 7
CONSOL IDATION SONR_ __1oo__ | ___125
PLUG ISNR_ [ _T,207_ 1”2,
DREDG ING J9SNR_ T T | _5,805_ _ 1 _To,159
EXCAVATING JBONR: __200_ _]_ _ 83
SHEET PILING -~ NR_ _ _ _ "1 " " 721_ "~ _1,081
CARRIAGE, RAILS N T [ 7,000_ _ ] 1,000
2.1 CWP INTEGRATION
5.1 SYSTEM DESIGN & ANALYSIS | _20,000_ __ | _ 20,000
5.2 SYSTEM INTEGRATION__ _ _ — —— — ~2,000_ _ 17 2,000
6.1 TEST PLANNING_ _ | _ __500__ 1" 500
7.5 PERSONNEL (PART)_ _ _ — — — — — 71— ™7200_ _ 7|~ T15200
9.0 INDUSTRIAL FACILITIES _ _ _ _ _ ] __3,3k0_ _ j_ _3,340
.6.2..SPECIAL.TEST FACILITIES_ _ _ _ _ . _1,000_ _ {_ 1,000
TOTALS 46,050 ' 53,759
| i

e e e
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[3)

Operating costs arz for 40 year platform life.
Includes central accom. platform,

($000,000f - - {f.ﬁ
Cost-~ Unit ' Cost For Unt
For One ~ Cost OTEC Cost
Platform /KW Park $/8K " REMARKS
Mull_Cpnstructlon Cost 164 AT ' ’ 309-, 253 .| From Page
Platform Acquisition Cost 360 900 - 1754 548 ﬁu?T PBgCer ESCUSHYSnST
. e . . _ S nterface L
o OTEC Power System Cost 400 - 31000',7 3200 10GC From Reference
[72] v B
S Electrical Tr8n8m|5510n System L o ‘
: interface Cost : 19 47.5 - 152 7.5 From Reference
o . -
Ee Transmission System Cost - = Not included in estimate
) . .
5 Central Acco dation : S - ‘ - . :
§ Cost C mn.\o ation o - . o - . 4 51| 17' From Pége -
< :mz_—':-_ﬁm:*x_m = y : I
TOTAL ACQUIS!TION COSTS 93 2%7.5 - 5,969 _1,‘8&:5
Independent Test & Evalnatlon 1 2.5 i 0.3 Noii~Recurring
- Operational Support 421 1,052.5 3,368 -1,052.5' From Page
2 W! . .
Eg lnsurance, etc. 2]3 532.5 ],725[3] ' 539 . F.rom Page
g O ) ; v ”
o — | ProJect Management ‘ 3.2 8 25.8 - € From Page
oN = » S B I, R v R e e
TOTAL QPERATING COSTS © 638, 2 1,595.5 5,119.8 | . 1,559.8
‘ o s mremewmese e ey . =reramr : creere :znuc]:.:.-.c-’z::; § e ]‘% x
" : ; A ] . . 3 ‘trical Trans
| LIFE CYCLE CDSTS 1,581.2 ¢ 3,953 11,088.8 31464,9 S?gtgmfggstsec i
& lotes TABLE 21:
- I ALY c0>Ls are in tarms of 1978 dollars wuthout e;calatlon : . .

COST SUMMARY FOR A 3200 MWe
OTEC Energy Park
(8 "'spaR Platforms)




o (500"0,00(')) o nt - 1t{$000,000) v veeet e L D
Cost | . ™Y fgost For Unit .~
For One s Cost-' |, @TEC -~ Cost -~ 1 _ '
Platform} = ¢/xw . Park’ - 8/KW o REMARKS
' ' . ' -A - S ‘“. ' L‘ ' ~
Hull Construction Cast IR o SO B o -
o ; ' N . R Page {exclusive or
Plgtform Acqu!sltlcn Cc?st 375 oyazs o {1,932 6ok E:{?Irﬁﬁﬁ” gysts Trans.
s JTEC Power System Cost 400 11000 173,200 1,000 From Reference
8 x:);.c:.rica] Tl'an-mm,lon System| ° . b S ' . -
Z interface Cost 19 . k7.5 .. 152 ~h7.5 Fr'_on‘t_"Re'Ference
E.'—_P ‘mbmsal?n System Cost - R R - Hot included in estimate
%“ Central Accommcdation - SR R B A :
Q| Cost S . - , - . .54 17 From Page
A s e NN R upnia—m—— . =
TOTAL ACQUISITION .COSTS - 1,076 2,690 |:6,79} 2,122.5 .
- Independent Test & Evaluatlion 1 - 2.5 1 c.3 Norv';-“R'-;rurr-it‘g' N
Oparational Support o . : o
; pp | . b29 1,072.5 - ].73,432 1,072.5 From Pagye N
2@ | Insurance, ete. . ‘ - E o ' -
EE(,)’; , ! 269 1 6725 . ;’_7_"]]9[3}" - 481 _ From Page
e O . 1 7 . . . ' . . ——— +
Eim Project Hanagement ' 3.9 g i 68 8 From Pace
% ‘(_\l_‘ e vp — N ST ~ > " ' St ‘-1»-‘3?' 2 et B it fandod. W L A S & E e G L
"‘o.m.’ ’OPU(ATIMG COSTS . . 792,&”,,75&5‘3 S k637,81 1,761.8
== - e e X X v R Sh P A - = 24 faw a0k Sl < Do Y TSR < T b » o
: : : : 4 : o : ; Excluding tlectrical Trans
L ASEE GYCLE CNSTS Lo 1.778.2 L, b5 5 . il,LIth.g | '3,8‘-'3‘1:..3d g 32&{;8!"0.'625;5 '
S Noves | | | | . TABLE 22:
$ *—Tl]" All costs are in terms of 1978_ 'dol‘,a'fs wif:hout escalation. g?g}' EUMMARYPFOR A 3200MWe
! {2)  Cperating coests are for 40 year platform 1ife. ® “SPP?EI{.E'Y P?::fforms)
H} Includes centre accom. pilatform.



Part A: Cqs;s
- Tampa, Florida New Orleans, .LA. Punta Tuna, P.R.

| tem Sphere Spar Sphere Spar Sphere Spar
Mooring $ 75,957 { $ 75,957 | §$ 27,079 |$ 22,492- | $ 30,076 | $ 26,523
Cold Water Pipe - 115,903 - 103,737 | -198,794 l03;737.' 115,903 }03,737
Platform Structure | 281,557 | 163,885 | 298,450°| 171,696 | 281,557 | 163,385
Deploymeﬁt 4,082 | 4,076 3,330 | 3,325 |- 10,732 10,727
Power Transmission 19,000 19,000 20,055 | 20,055 A 633 | 633
Totals koA, haa  366,655~ 547.é03 321,305 | 433,911 | 305,505
% of Tampa Site 100 100 1o 88 88 83
Part B: Site-Charactefjstics.

- : . Tampa, Fla. = Unity Mew Orleans, La. ‘?ﬁnta.Tu E.R.
Thermal Resource 1.0 1.0 : 0.98" - 0.98 1.04 ].04
Site to Shére Ober. _ - "' 1 : ,: f' . "v .{'- '

Sta. (N.M.) ' ~ 1180 180 ~ 190 - 190 C 6. )
Site fd éhore Constr;. E "‘, o ‘}';F“ . '19' ) :
Fac. (N.M.) 285 1285 180 180 1215 1215

.i
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Table 23 OTEC COMMERCIAL'PLANT (400 Mw)
- © SITE COST DIFFERENTIALS ($000)



3.6

3.5.2 Time Schedules

‘A careful analysis of the operations, processes, and labor requirements
involved in platform construction revealed that for the first SPAR platform
the time periods for various phases could be:

First‘ﬁhase: 6 months
Second Phase: 18 months
Third Phase: 12 months

A.detailed analysis of the spar platform construction process is made in

.-arriving at the required time periods. The. total estimated construction time

is 953 days. Allowing for effects of bad weather, the spar construction period
is assumed to be 3 years.

Figure 23 shows a tnme schedule covering the SPAR construction process
from the development of top.level requirements to the start of construction on
the first three platforms.

Figure 24 is a continuation of the time schedule covering the periods for
construction, outfnttnng, deployment and testing of all eight platforms

The construction scenario for the SPHERE essentially follows the same
sequence as the one for SPAR.

An analysis of the construction process taking into account the added
complexity of the forms required as well as the considerations mentioned above,
leads us to believe that the construction of the SPHERE may take anywhere from
20%. to 40%. longer time than that requlred for the SPAR.

Site Sensitivity

There are several major areas which are sensitive to site characteristics:

Mooring

Cold Water Pipe

Thermal Resource

Replenlshment and Crew Accommodations
Platform Structure

Deployment

Power Transmission

0O000OO0OO0OO

Two effects on the site due to the presence of the OTEC pliatforms were considered:

the perturbation of the thermal resource and the effects on the local sea surface
and waves of removtng large quantities of water nearby. :

A compar:son of the site characteristics affecting various OTEC functions and

systems is compiled and presented in Table 24.

_7]-
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-

CHARACTERISTIC ' NEW OR.EANS | W. COAST FLORIDA PUERTO RICO
| SPHERE ~ SPAR © SPHERE SFAR SPHERE SPAR
GRP, Fixed/ |GRP, Fixed/ |[GRP, Fixed/ GRP, Fixed/ | GRP, Fixed/ |GRP, Fixed/
N Rigid/N.B. I1D={Rigid/N.B. ID=|{Rigid/N.B. ID=|Rigid/N.B, Ipq Rigid/N.B. iD=|{Rigid/N.B.ID=
CWP Configuraticn 4 yo1e 7=16n | 101" T=8" 101t T=8v 101t T=8" | 101' T=8"  |io1' T=8"
Total Drags in . . . : : :
Ex‘re?ng?“d't'cn 1 1220 0 838.1 . 3422 2830.3 1355 988.3
Distance fron | 180 N.M. |. 180 N.M. 285 N.M. 285 n.M. | 1215 NM. | 1215 NLN.
Construction Site or ' .or ©oor or or or :
(Pennsacola) k 210 Niles 210 Miles 330 Miles 330 Miles 1400 Miles 1400 Miles
Distance from 65 N.M. T 65 ﬁ.m.j . 150 ﬁ.M.A : 15002.M. | 3.ng.M. 3.402.M.
Nearest PT of Land or . . - or - ‘
carest TR OV R g7 miles | 77 Miles 170 Miles | 170 Hiles . § Hiles 4 Miles
" Period During Which | R : . : |
AT 3 40°F Lg | 4 b5 b.5 7. B

R (Month) -

Annual Thermal

Capacity ] p 3 ' -".~4 - A N : | '
Mot , .2uc.§4 : 246.8 | 2sg.u ‘ 252.4 | | 262.7 262.7

-ﬁ[—

Teble ~ 2k COMPARISON OF SITE CHARACTERISTICS . -



SECTION 4.0

PROJECT PLAN FOR OTEC DEMONSTRATION UNIT

4.1 Background

-In the course of the OTEC systems development, the power plant size has been
increasing by steps. The first two platforms are test platforms of 1 MWe and 5
MWe output. The test platforms are followed by a pilot plant of 10 to 20 MWe out-
put. The last platform size considered in the OTEC system development program is
the 400 MWe commercial plant. The demonstration plant is intended to fill the gap
between pilot plant and commercial plant development.

The responses received from utility companies suggested that the demonstration
plant size should be no smaller than 10 MWe, and further that it would be desirable
to have a demonstration plant equipped with commercial size modules with adequate
redundancy so that a meaningful power system evaluation could be conducted. The
reliability and economics of an OTEC power system must be demonstrated to gain
acceptance by as well as support from the utility industry.-

The internal arrangement of the spar and sphere .platform must also be considered
since the internal well or trunk in these platforms. forces the selection of multiple
power modules symmetrically arranged about the centerline. 100 MWe was chosen for
the plant size since two 50 MWe modules could be installed which would permit. testing
of equipment recommended for use on the commercial plant.

4,2 Demonstration Platform

Since the hull size is substantially smaller than the projected commercial plant
size, the possibility of constructing the vessel of steel was considered. However,
it is already determined that the full size hull shall be constructed principally
of reinforced concrete and thus, to fully demonstrate the feasibility of both
construction technique and operation, concrete was chosen for the demonstration plant
as well.

The construction of large concrete structures for offshore use is of course not
new and the technology for forming massive structures on land and moving them to. sea
for completion has become almost commonplace for the construction of large offshore
platforms for the North.. Sea. The application of this technology to construct a
demonstration OTEC plant is thus considered fundamental, offering no new thresholds
of expertise except perhaps in the forming of the Sphere's compound curvature hull.

a. Sphere Platform

The general layout of the Sphere OTEC demonstration plant is shown in Figure
25. The vessel is semi-spherical in shape with the entire main hull submerged
in the operational condition. A cylindrical superstructure extends 75 ft. above
the ocean surface to provide stability to the unit and to house the accommodation
areas and test and data collecting facilities.

The proposed method of huil construction assumes, as previously éuggested
that the vessel will be constructed in three separaté stages at three different
sites.

- -75-



Inboard View of Demonstration Platform - 230* Diameter Sphere
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4.3

Phase 1 will be performed at the onshore site to the point of completion
where the hull can be safely floated out to.the.Phase 11 offshore construction
site, and with sufficient freeboard for Phase 11 construction.

Phase 11 will be carried out at an offshore site, such as 25 nautical miles
off the mouth of Pensacola Bay in about 150 ft. of water, where the remaining-
hull structure and all outfit will be completed except for the superstructure

and the cold water pipe.

Phase 111 will take place at the operational site where the cold water pipe
will be installed, the permanent mooring system placed, the superstructure
constructed and outfitted, and the electrical transmission line laid to shore.

b. Spar Platform

The general layout of the Spar OTEC demonstration plant is shown in Figure
26. The vessel is cylindrical in shape with the entire main hull submerged
in the operational condition. A cylindrical superstructure extends 75 ft. above
the ocean surface to provide stability to the unit and to house the accommodation
areas and test and data collecting facilities. The superstructure is made of
concrete with a steel deckhouse structure.

Construction of the hull and fnstallation of all equipment is proposed to
take place in three separate phases at three different sites.

Phase 1 shall be performed at the onshore site to the point of completion
where the hull can be safely floated out to the offshore site.

Phase 11 shall be carried out at the immediate offshore site where the
platform will be éentirely constructed to deck level 410 requiring at least
150 feet of water depth. ' '

Phase 111 shall take place at the operational site where the mooring system
and CWP will first be connected and the remainder of the platform constructed.

Integration and Deployment

k.3.1 Cold Water Pipe

400 MWe Commercial Plant studies indicated that filament wound fiberglass
reinforced plastic is the most feasible material for the cold water pipe. There-
fore, this is the material selected for the CWP for the 100 MWe Demonstration
Platform.

For the Spar, the cold water pipe GRP sections are proposed to be con-
structed at a shoreside facility. The section dimensions are 100 ft. long x
50' ID x 3.5'" thick. The CWP sections are transported on barges. to the opera-..
tional site and assembled using a drop through method through the submersible
barge similar to the scenario used for the 400 MWe Sphere.

The CWP for the Spheré fs‘proposed to be fiberglass, fabricated in sections
50 ft. diameter by 100-125 ft. long.
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After the main hull is completed (less the superstructure) and is
permanently moored at the operational site, the CWP is deployed by lowering
each section through the 60 ft. diameter center well of the platform by
a.system of jacks similar to the method proposed for the 400 MWe platform.

Each section is brought out to the platform by barge, transferred by a
‘wheeled dolly to the deck of the platform and individually lowered and
attached to the previously deployed section until the full 3,000 ft. of
pipe is depioyed. The CWP string is then connected to the platform by means
of the permanent connection in the well or on deck.

4.3.2 OTEC Equipment

, The principal componeﬁts of the OTEC plant consist of Vertical Condenser,
Vertical Evaporator, Demister, Turbine, and the Generator.

. The 230 ft. diameter Sphere and 146 ft. diameter Spar are sized to-
accept either 4-25 MW power modules (one module per hull quadrant) or 2-50
MWe modules (1 heat exchanger per hull quadrant).

5.3.3 Mooring

It has been determined that a passive mooring system utilizing the high
holding strength to static breaking strength capabilities of the hollow
cylindrical 1ink (HCL) mooring leg is necessary. At one end the links will
be attached. to the platform, and at the other to a disc type, floodable, free
fall designed deadweight anchor. Post-tensioning of the platform hull at the
level where the links are attached is desirable.

It is estimated that the drag on the 100 MWe platforms, both Spar and
Sphere, due to wind and current will be approximately one half and one third
respectively of the 400 MWe designs. - The sizing of the 100 MWe mooring system
may. be adjusted accordingly from the 400 MWe mooring designs.

4.3.4 Testing and System Checkout

The purpose of the 100 MWe demonstration plant is to test the OTEC system
performance. Therefore, there shall be additional testing devices to check
temperatures, flow rates, and pressures that would normally not be tequlred for
a commercially operated plant. The major systems which will necessitaté such
testing are the following:

Heat Exchangers

Warm and Cold Water Circulation Systems
Cold Water Pipe

Turbines and Generators

Evaporator and Condenser Discharge

Main Hull

Mooring System

Ammonia System

OO0 0000O0O0

4.3.5 Operating Scenario

The operating personnel aboard the OTEC platforms shall consist of three
distinct .groups:
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L. 4

1. The OTEC crew, which would have the responsibility for operation,
analysis, and maintenance of all OTEC equipment on the platform.

2. The Platform crew which would be responsible for operation and
maintenance of the platform, -and support of the OTEC crew, as-
required.

3. The catering staff, which would be responsible for preparation and
distribution of food, and for hotel services such as cleaning of
facilities and laundry. This staff would be contracted on a per-man/
per-day rate from a catering service.

Platform work schedules are assumed to be similar to current drilling
rig practices.. These practices, would employ personnel on the .basis of a
""one week on-one week.off'"' type schedule. The working day would be divided

“into two 12-hour shifts for the platform crew and catering staff. This could

be extended to a 13-hour day for the watch personnel to allow for adequate
transition time during shift changes.

.4.3.6 Maintenance Procedures

Routine ._.maintenance is the duty of the OTEC crew. These duties include,
but are not limited. to, daily policing of the plant, cleaning, lubrication,
maintenance of working fluid levels, routine repair and replacement, and
similar duties.- Most equipment of the platform is expected to have a periodic
maintenance schedule which would be performed by the crew.

A transient work force would be available,to the OTEC platform for any
duty.-the crew is not able to handle. This .-forces duties would include major
casualty repairs. Major painting, coating, biofoulant removal, and inspec~
tion tasks could be assigned either to the platform crew or the transients.

In the event that major repairs or maintenance could be performed by facilities
on the platform, workboats or barges would probably servce as support vessels
during the operation.

For the seawater system, corrosion control to extend heat exchanger

tube life is accomplished by use of the Amertap system.

4.3.7 Contingency Plan

In severe weather conditions it has been proposed to submerge the OTEC
platforms approxlmately 20 ft. lower than the normal operating condition. This
will result in easing the platform heave motions expected due to greater wave
heights and corresponding frequency excitation. It is estimated that lowering
the platforms under severe weather conditions will help keep the warm water
flow at the normal design rates. Otherwise an unspecified overall efficiency
loss of the. plant may occur. .

Schedule and Major Milestones

The most optimistic construction period for the Spar is 1 1/3 years while

for the Sphere it is 1 year. These periods do not allow time for float out of
the partially completed structures from the shoreside construction site nor time
to tow the platforms to the operational site, nor development time. These should
be added to the above times to arrive at total time elapsed from commencement

to completion of construction.
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'The schedule, Figure 27, shows the proposed R&D, Design and Integration,
Test and Evaluation and Operational elements of the OTEC Demonstration Plant.

4.5 Cost Estimates

The cost estimates followed the same approach as for commercial plants and
the same standardized WBS.

Again, the power systems costs, Item 3.0 of the WBS, nor the energy transfer
systems costs were included. However, the cost of installing these equipment
on the platform are included. :

The cost estimates for the SPAR and SPHERE demonstration plants are shown
in Tables 25 and 26. . ‘
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TABLE 25

SPAR ACQUISTTION COST BREAKDOWN

~

COST- ITEM lAPPLJCABLE WBS NO. COST ($000)
Hull, Outfit, Machy. & CWP  1.2-1.8, 2.2-2.4, 3.0, 4.0 $241,230
Construction Site 1.6 . 5,978
Deployment 8.0 o ' 3,419
Engineering Design & Inte- 1.1, 2.1, 5.0, 6.0 (part),
gration, T&E PD, CD, DD ’ 22,500
Industrial Facilities 9.0 1,689
Special Test Facilities 6.2 ' 1,000
$275,816
ANNUAL OPERATING COSTS
WBS NO. TITLE ANNUAL COST ($000)
6.3 ~ Independent T&E ~$1,000
7.1 (part) Spare Parts ' 1,811
7.2 A Expendable Materials. 827
7.3 - - Peculiar Support Equipment 328
7.4 Common Support Equipment . 264
7.5 Personnel , 5,100
10.0 (part) Insurance 97
11.6 (part)  Management ' - 200"
$9,627
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SPHERE ACQUISITION COST BREAKDOWN

TABLE 26

COST ITEM

APPLICABLE WBS NO.

COST . ($000)

Hull, Outfit, CWP & Machy.

Construction Site
Deployment

Engineering Design & In
gration, T&E

Industrial Facilities
Speclal Test Facllltles

te-

D

-CD, DD

NOY —~OO0ON

OO D — 00— —

ANNUAL OPERATING COSTS

-1.8, 2.2-2.4, 3.0, 4.0 $230,148

7,315
3,352

, 2.1, 5.0, 6.0 (part),

22,500
1,689
i,000

266,004

WBS NO.

 TITLE

ANNUAL COST ($000)

(part)

-

-

- NN N DY
. «
VI oWt~

-

10.0 (part)
11.6 (part)

Independent TA&F
Spare Parts
Expendable Materials

Peculiar Support Equipment -

Common Support Equipment
Personnel '
Insurance

Management

-84~

$1,000
1,811
827
328
264
5,100
37

200

_9,627
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