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ABSTRACT 

The commercial izat ion of  the OTEC p la t forms requires the f o l l ow ing  bas ic  
decis ions t o  be reached p r i o r  t o  i n i t i a t i o n  o f  any f i n a l  design and const ruct ion 
e f f o r t s :  

o Se lect ion of  the best  .p la t form h u l l  shape 
o Select ion of t he ' bes t  co ld  water p ipe con f igu ra t ion  
o Select ion o f  tbebe%t . .pos i t i . on ing  system 
o Development o f  a conceptual des,ign f o r  p l a t f o rm  ocean systems 

The Department of ~ k e i ~ ~ : : . . ; ~ r o j e c t  "OTEC P la t fo rm Conf igurat ion and In tegra t ion"  
sought' t o  a r r i v e  a t  these ' d e c i ~ l o n s  i n  two phases. The f i ' r s t  phase consisted of 
eva luat ion i nves.t igat ions. t o  . ob ta i n  the.  ranking o f .  candidate ocean systems, and 
the second-phase i.n~o.l.ve8 th.e'performance o f  conceptual designs f o r  two selected 
p la t fo rm candrdates. ' 

Thi's repor t  provfdes. a b r i e f  but comprehensive summary o f  the o r i g i n a l  four 
volume f i n a l  report .  

.# 

I n  the f i r s t  phase.studies, an eva luat ion methodology was developed f o r  .:: 
analyzing the ocean system requirements against  s i t e  c r i t e r i a  and a f i n a l  
eva.1 uat ion o f  in tegrated OTEC commercial' p la t fo rm candidates was performed. A 
rqnking of  candjdate . .p lq t fo~ms.  was o6 ta . i ned .a~  the end' r esu l t .  

. . 

For Phase- 1 t studies, M. Rosenblatt & Son, lnc. p ro j ec t  team was given the 
SPAR and the SPHERE plat formsoto perform.not on l y  the conceptual designs for ,  but 
a l s o  cost  and time'sctiedules. and . . sens i t i v i t y  analyses. The commerci'al p l an t  s i r e  
was. spec i f i ed  t o  be 400 MWe (net). 

A l l  conceptual design work was performed f o r  the base l ine s i t e  o f  West Coast 
of .Florida. The c0s . t  d i f f e r e n t i a l s  and o ther  considerat ions involved w i t h  
dep.loying th.e platforms jn  . t h e '  New 0 r l e a . n ~  and Puerto Rico s i t e s  were a l so  determined. 

A demonstrat ion . p l a n t  of  106 MWe ' (net) capaci ty ,  t o  f i 1 1 the gap between t e s t  
platforms and commercial p lants,  was a l s o  invest igated,  and a p r o j e c t  p lan was 
developed. . . 

As an end product of . ' the 'corhplete study, t he ' cos t s  f o r  the SPAR and the SPHERE 
plqtforms a re  reported both i n  terms o f  acquisi:t. ion costs i n  1978 d o l l a r s  and l i f e  
cyc le  costs i.n d o l l a r s  per k i l owat t .  



ACKNOWLEDGMENT 

Th is  Department o f  Energy study on "OTEC P la t fo rm Con f igu ra t i on  and 
In teg ra t i on "  was conducted by M. Rosenblat t  & Son, Inc.  (MRES) Basic Ship 
Design d i v i s i o n ,  New York headquarters. The MR&S OTEC p r o j e c t  team assigned 
t o  t h i s  study cons is ted o f :  

\ 

Nedret S. Basar - P r o j e c t  Manager 
John C.  Daidola - .Head - ~ a v a l  A r c h i t e c t u r e  
Richard C .  S h e f f i e l d  - P r o j e c t  Engineer f o r  Sphere 
H. David Kaysen . - P r o j e c t  Engineer f o r  Spar 

A lso  c o n t r i b u t i n g  t o  the  study e f f o r t s  on an as-needed bas is  were the  
f o l  lowing MR&S personnel : 

Zachary Awer 
S t u a r t  H. Grossman 
AlFred R. Issacsan 
John Johnson 
Sam Tsui  
Wal ter  Lu 
Doug Graham 
J im B i s t e r  

- Mead - Mechanical Engineering 
- Head - E l e c t r i c a l  Engineer ing 
- Head - Marine Engineer ing 
- Senior  Naval A r c h i t e c t  
- S t r u c t u r a l  Engineer, Naval A r c h i t e c t  
- Naval A r c h j t e c t  
- Naval A r c h i t e c t  
- Design Engineer 

A t echn ica l  management team c o n s i s t i n g  o f  M r .  Naresh M. Maniar ( v i c e  P r e s i -  
den t ) ,  Captain Per ry  W .  Nelson ( v i c e  Pres ident ,  opera t ions) ,  and M r .  Les ter  
Rosenblat t ,  Pres ident )  p e r i o d i c a l l y  reviewed the  work f o r  t he  present p r o j e c t .  

MR&S as pr ime c o n t r a c t o r  had the  backing o f  t he  personnel ' f r om. i t s  subcon- 
t r a c t o r s  and consul t an ts :  

Msssr-s. Robert J. Vondrasek ( P r o j e c t  ~ a n a ~ e r )  , Johri. Kl.ei:n. and D r .  Han L i u  
( P r o j e c t  ~ n ~ i n e e r )  .'of Burns & Roe, Inc, 

. . 

- D r .  C .  H. Kim and D r .  H i r e s  of Davidson Laboratory o f  t h e  Stevens 
I n s t i t u t e  o f  Technology. , 

- D r .  John MzDermott o f  U.S. S tee l  Research Laboratory.  

- M r .  E i v i n d  H je l l um o f  Shipping ~ e s e a r c h  Services, Inc. 

- Professor W i l l a r d  J. Pierson o f  t h e  C i t y  Col lege nf New York. 

- M r .  Char les F lnk  o f  Tuned sphere l n t e r n a t  i ona l  , Inc.  

- M r .  David Wal le r  o f  Wal le r  Associates, Inc. 

- M r .  t l a l t e r  Farmer o f  0ceanic.Development Company, Inc. 

- M r .  James C h i l d e r s  o f  Ch i l de rs  Engineer ing Company 

- Dr. ~ o d e ' r i c k  Bar r  o f  Hydronautics, Inc. 



The MR&S p ro j ec t  team would 1 i ke t o  thank and acknowledge the bu idance 
provided by the fo l low ing  ind iv idua ls  i n  var ious government' departments and 
moni tor ing agencies: 

I ' 

- Messrs. Sigmund Gronich, Wilbur Sherwood, Wi l l i am Smith, and 
. . 

Drs. L loyd Lewis and Abrahim Lavi o f  the Department o f  Energy, 
Solar Energy Div is ion. .  

- M r .  David Pr i ce  and D r .  Terence McGuinness o f  the Nat ional  Oceanic 
and Atmospheric Admin is t ra t ion,  Ocean Engineering. 

- Messrs. Walter Trzaskoma and Herbert Woods o f  G i l b e r t  Associates, Inc. 

For t h e i r  guidance.and assistance i n  reviewing the p la t fo rm conf igurat ion's,  
acknowledgment and apprec ia t ion must be extended t o  Radm. R. Burk, USN ( . ret) ,  
Captain W. Howerton., and M r .  Fred. Agdern of the Hu l l  Recommendat ions Board. 

Also, acknowledged, w i t h  grat- i tude,  i s  the  he lp  furnished by the fo l low ing  
organ i z a t  ions: 

- Engelhardt Systems Corporation 

- Owens Corning Fiberglas Corporation 

- Parsons Br inkerho f f  Quade & ~ o u ~ l a s  

- P r i ce  Brothers; Co. 

- Simplex Corporation 

- Sperry Systems, Inc. 

- Symons Corporation 

- American M.A.N. Corporation 
. . 

- Amertap Corporation 

- B. F. Goodrich Corpocat.ion 

- F l o r i d a  Power Corporation o f  S t .  ~ e t e r s b u r g ,  ~ l o r ' i d a  

- Puerto. Rico Water Resources Au thor i t y  

- Worth ington Corporat,ion 



TABLE OF CONTENTS 

. . . . . . . . . . . . . . . . . . .  . . 

ABSTRACT.,............... ................................... 
. . . . . . . . . . .  . . .  

. . . . . . . . . . . . . . . . . . . .  
ACKNOWLEDGMENT .............................................. 

. . . . . . . . . .  . . .  
. . . . . . . . .  . . . . . . . . . .  

LIST OF FIGURES .............................................. 
. . .  . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . .  
L!ST.OF TABLES ........................................ i . . . . . .  

. . . . . . . . . . . . .  
. . . .  

1.0 INTRODUCTION AND SUMMARY ............................... 
1.1 I n t r o d u c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . .  

................. 2.0 .SYSTEMS ENGtNEERfNG AND INTEGRATION... 

2.1 P la t fo rm.  Ocean Systems - General.. ................ 
2. ! . 1 Work Breakdown Structure. .  ................... 
2.1.2 Ocean Systems Requirements and Const ra in ts .  

............................. Pla t fo rm H u l l  Studies 

2.2.1 V a r i a t i o n s  o f  Gerieric.Shapes and Candidate 
Conf i g u r ~ t i o n s . ~ .  .,,... ........................ 

2.2.2 F i r s t  Screening ............................ 
.... 2.2.3 Arrangements f o r  Candidate H u l l  Systems 

. . . . . . . . . . . . . . .  . . 

€ .valuat ion Procedure. .............................. 
2.4 I n t e g r a t i o n  o f  Ocean Systems' ...................... 

... 

.................. 2.4..1 P la t fo rm H u l l .  Candidates'. ............. 2,4.2 Seawater'System/CWP Candidates 
2.4.3 P0s.i t i  0n.i ng System Candidates ............... 
2.4.4 In teg ra ted  Platforms..  ..................... 

3.0 TECHNICAL CONCEPT,,. ................................... 
................................... 3.1 Genera 1 Approach. 

. . . . . . . . . . . . . . . . . .  

. 3.2' Energy Park. ...................................... 
..................... 3..3 Conceptual Design Studies.... 

3.3.1 General. ................................... 
3.3.2 H u l l  S t ruc ture .  ............................ 
3.3.3 S t a b i l i t y  .................................. ................ 3.3.4 Seawater System i........... 

Page No. 

i 



3.3.5 Seakeeping and P la t fo rm Motions ............ 
................... 3.3.6 Cold Water Pipe Ana lys is  

3.3.7 S t a t i o n  Keeping ............................ 
....... 3.3.8 P l a t f o r m  Serv ice  and Support Systems 

.......... 3.4 Const ruc t ion  and Deployment o f  P la t fo rms 

................. 3.5 .Cost Es t ima tes  and.Time Schedules 

.............................. . 3 .5 .1  Cost Est imates 
3.5.2 Time Schedules ............................. 

3.6 S i t e  S e n s i t ' i v i t y  .................................. 
............... 4.0 PROJECT PLAN FOR OTEC DEMONSTRATION UNIT 

4.1 Background ........................................ 
4.2 Demonstration P l a t f o r m  ............................ 
4.3 I n t e g r a t i o n  .. and Deployment ........................ 

4.3.1 Cold Water Pipe ............................ 
4.3.2 OTEC Equipment ............................ 

.................................... 4.3.3 Mooring ................ 4.3.4 Tes t ing  and 'System Checkout 
.......................... 4.3.5 Operat ing Scenario 

4.3.6 Maintenance Procedures ..................... 
........................... 4.3.7 Contingency Plan 

4.4 Schedu1.e and Major M i les tone  ...................... 
4.5 Cost Est imates ..................................... 

REFERENCES ................................................... 
. . . . 

Page No . 
38 
41 
54 
54 



L I S T  OF FIGURES 

FIGURE NO . PAGE - 
B SPAR PLATFORM ....................................... 6 

.................................... SPHERE PLATFORM 

............ CANDIDATE HULLS FOR F E A S I B I L I T Y  STUD'IES 

. ............................. 1 0 0  MW.e PLATFORM NO 2 

1 0 0  MWe SUBMERSIBLE ................................ 
l o o  M W ~  SEMI- SUBMERSIBLE..........^.. ............ 
1 0 0  MWe S P A R P A R T I S T ' $  CONCEPTION . . . . . . . . . . . . . . . . . . .  

1 0 0  MWe TUNED SPHERE ............................... 
.. ........................................ 1 0 0  MWe D I S K  

1 0 0  MWe TUBULAR TRUSS-ART1 S T ' S  CONCEPTION .......... 
PLATFORM DRAG-- NORMAL CONDITION. PUERTO RICO,  ..... 
3 2 0 0  MWe OTEC ENERGY PARK .......................... 

....... SEAWATER SYSTEM GENERAL ARRANGEMENT (SPHERE) 

1 2  SEAWATER SYSTEM GENERAL ARRANGEMENT (SPAR) ......... 40 

......... 13 RESPONSE MOTIONS OF THE SPAR BUOY PLATFORM 4 2  

1 4  RESPONSE MOTIONS OF THE TUNED SPHERE ............... 44 

1 5  AMPLITUDES OF BENDING STRESS VS . WAVE EREO.UENCIES .. 5 1 

1 6  AMPLITUDES OF RENDING STRESS VS.  WAVE FREQUENCIES .. 52 

1 7  CWP FOR SPAR ........................................ 53 

............................ 18 O'I'EC ORGANIZATION CHART 59 

1 9  SPAR CONDENSER REMOVAL ROUTE ........................ 60 

.......................... 2 0 PROBABLE CONSTRUCTION S I T E  6 2  

.................... 2 1 L A S T  PHASE 0 F . S P A R  CONSTRUCTION 64 



FIGURE NO . PAGE . 

................... LAST PHASE OF' SPHERE CONSTRUCTION 65 

SPAR DESIGN AND CONSTRUCTION SCHEDULE ............... 72 

SPAR T I M E  SCHEDULE ................................... 73 

INBOARD V IEW OF DEMONSTRATION PLATF.ORM - . S P H E R E  ..... 76 

.................. 1 0 0  MWe DEMONSTRATION PLANT - SPAR 78 

. ......... SCHEDULE OTEC 1 0 0  MWe DEMONSTRATJON PLANT 82 



L l  ST  OF TABLES 
--. 

TABLE NO. PAGE 

................... 1 OTEC COMMERCIAL APPL ICAT ION 9 

2 WORK BREAKDOWN STRUCTURE FOR EVALUATION 
STUDY .......................................... 10 

3 EVALUAT l ON METHODOLOGY. ....................... 2 4  

4 MEASURES OF M E R I T  USED I N  F I N A L  
EVALUATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 5  

5 F I N A L  PLATFORM HULL C A f l D i D A l t S  
FOR INTEGRATION ............................... 2 7  

7 F l NAL POS l T I  ON l NG SYSTEM CAND I DATES 
FOR INTEGRATION ............................... 2 9  

8 INTEGRATION OF FINAL I N D I V I D U A L  SYSTEM 
CANDIDATES WITH THE PLATFORMS ................. .31 

................ 9 F I N A L  OCEAN SYSTEMS EVALUATION 3 2  

10 F I N A L  EVALUATION OF INTEGRATED 
..................................... PLATFORMS 33 

1 1  SUMMARY OF MR&S CALCULATED RESULTS FOR 
THE SPAR PLATFORM' WITH AND dl THOUT 

..................... CWP (SIGNIFICANT RESPONSE) 43 

1 2  SUMMARY OF MR&S CALCULATED RESULTS FOR 
THE SPHERE PLATFORM W l T H  SINGL'E COLUMN 
AND GRP CWP (SIGNIFICANT MOTION) .............. 45 

............................. 13 CWP CASES CONSIDERED 46 
/ 

1 4  CWP CASES CONS I DERED.. .... ;,. .............. ; ... 47 

1 5  RESULTS OF M R f S  COMPUTER .ANALYS I S 
............... . .  FOR SPAR PLATFORM.. ......... ,. 49. 

1 6  RESULTS OF MR&S SPHERE CWP STRESS . 
. . .  .............. . . .  .............. COMPUTER RUN.. .. 50 . I  . 



L I S T  OF TABLES, continued 

TABLE NO. PAGE - 
.................... 1 7  CURRENT CONDITIONS A T  S I T E S  55 

. .................... 18 ELECTRICAL LOAD ANALYS IS. .  57 

1 9  ' SUMMARY OF CONSTRUCTlON/DEPCOYMENT ........................................ PHASES 6 1  
. . 

20 NON-RECURRI NG COSTS.. ; ......................... 67 

2 1 COST SUMMARY FOR A 3 2 0 0  MWe OTEC ENERGY 
PARK (8 SPAR PLATFORMS) ....................... 68 

22 COST SUMMARY FOR A 3 2 0 0  MWe OTEC ENERGY 
....................... PARK (8 SPAR PLATFORMS) 69 

23 OTEC COMMERCIAL PLAT  (400 M W ~ )  S I T E  
COST D IFFERENTIALS  ............................ 70 

24 COMPARISON OF S I T E  CHARACTERISTICS ............ 74 

25 SPAR ACQU l S T l O N  COST BREAKDOWN.. .............. 83 

............ 2 6  SPHERE ACQUS I T I O N  COST BREAKDOWN.. 84 



SECTION. 1.0 

INTRODUCTION AND SUMMARY 

1.1 In t roduc t ion  

Commercialization of the Ocean Thermal Energy Conversion (OTEC) concept. i s  the 
main ob jec t i ve  o f  the cu r ren t  Department o f  Energy (DOE) OTEC programs. To a r r i v e  
a t  t h i s  ob ject ive ,  the DOE, and p r i o r  t o  t h a t  t'he Nat ional  Science Foundation. (NSF) 
and the Energy Research and Development Admini s t r a t  ion (ERDA) , had sponsored a num- 
ber o f .  research and development p ro jec ts  t o  a r r i v e  a t  feas ib le  methods o f  app ly ing 
the ocean thermal energy conversion process. These i nd i v i dua l  studies covered the 
f o l l ow ing  various areas o f  OTEC p lan t  development: 

o The hu l l /p la t fo rm:  the design o f  a marine vessel t o  house the OTEC 
power cyc le  as we l l  as a l l  o ther  i n s t a l l a t i o n s  making up the com- 
p l e t e  ocean systems. 

o The power cycle:  development o f  an OTEC cycle, cons is t ing  of the 
evaporators, condensers, working f l u i d  loops, turbines,  generators, 
demisters, and power cond i t i on ing  equipment up t o  the r i s e r  power cable. 

o S i t e  environment: a study o f  s i t e  condi t ions,  i nc lud ing  parameters 
such as the wind, waves, current ,  depth, bottom condi t ions,  sea- 
sonal weather and temperature d i f f e r e n t i a l s  a t  the spec i f i ed  OTEC s i t es .  

o E l e c t r i c  power cable: the methods and d e t a i l s  o f  t r ansm i t t i ng  the 
e l e c t r i c a l  power generated on the p la t form t o  the shore, i nc lud ing  
a . r i s e r  segment, a bottom segment, and t h e i r  connections. 

o Biofoul  i ng/Corros ion: e f f e c t s  o f  b i o f o u l  i ng and cor ros ion on any o f  
the OTEC components leading t o  degraded performance and the preven- 
t i o n  and con t ro l  o f  b i o f o u l i n g  and cor ros ion f o r  each ocean engineer ing 
element. 

I n  add i t i on  t o  these, the i n s t i  tu t iona l / regu la to ry  cons t ra in ts  appl i cab le  t o  
pro jec ted operat ion o f  OTEC commercial p la t forms and the lega l  problems t h a t  may 
have t o  be faced have a l so  been subjected t o  studies E l ) . *  

Developing e l e c t r i c a l  energy from the thermal energy contained i n  the 
t r o p i c a l  oceans requires the use o f  a marine p l a t f o rm  on which a l l  systems 
needed f o r  the operat ion o f  the OTEC p l a n t  can be i ns ta l l ed .  The determjnat ion 
o f  the most feas ib le  shape f o r  t h i s  p la t fo rm and the development o f  a conceptual 
design as we l l  as cost  est imates and time schedules a re  the subjects of thi .s 
p ro jec t .  

As def ined by the DOE, the OTEC commercial p l a t f o rm  would conta in  a l l  seawater 
handling, b i o f o u l i n g  con t ro l ,  and power cyc le  components and f a c i l i t i e s ,  and "if 
appropr iate,  energy in tens ive  product product ion ,and support f a c i  1 i t ies".  I t  would 
a l so  provide f o r  i n t e r f ace  w i t h  the co ld  water pipe, the power de l i ve r y  cable, and 
s t a t i o n  keeping systems. I t  would conta in  ho te l  and support accommodations f o r  the 
OTEC p lan t  operat ing and maintenance personnel, i nc lud ing  OTEC p l a n t  a u x i l i a r i e s ,  
storage, and a l l  f l o a t i n g  f a c i l i t i e s  f o r  energy in tens ive  products. . 

* The numbers i n  brackets denote s i m i l a r l y  numbered references a t  end of repor t .  . 
- - -  - - -- 

1 Preceding page* blank . I - ,- 



The above d e f i n i t i o n  o f  the hu l l / p l a t f o rm  i s  app l i cab le  t o  a l l  versions o f  
OTEC power generation and i t s  use. The present study, however, concerns i t s e l f  w i t h  ( 
on l y  one vers ion o f  the OTEC power generation and use: i t  i s  s p e c i f i c a l l y  f o r  the 
t ransmfssion.of  OTEC generated e l e c t r i c i t y  t o  a shore-based e l e c t r i c a l  u t i l i z a t i o n  
network. fo r  f u r t he r  d i s t r i b u t i o n .  

M. Rosenblatt & Son,, Inc. was one o f  three cont ractors  who were assigned 
5 manyear e f f o r t  cont racts  t o  perform t h i s  study. The p ro j ec t  was performed 
under Department o f  Energy Contract #EG-77-C-01-4065, i t  was i n i t i a t e d  i n  Ju ly  1977, 
and completed i n  Ju l y  1978. 

The study consisted o f  the f o l l ow ing  main Tasks: 

Task 1 - Data assembly and synthesis 

Task 2A - Systems and Requirements Analysis 

Task 2B.- Evaluat ion Plan 

Task 3 - Technology Review 

Task 4 - Systems In tegra t ion  and Evaluat ion 

Task 5 - ~ o n k e ~ t u a l ' ~ e s i g n  

Task 6 - F a c i l i t i e s  and Equipment 

Task 7 - Development-Plan f o r  Demonstration Un i t  

Task 8 - Cost and Time Schedule 

. . . .  Task 9 - S i t e  S e n s i t i v i t y  

The f i n a l  repor t  f o r  the complete p r o j e c t  i s  presented i n  three separate 
volumes. Volume 1 repor ts  the r e s u l t s  o f  Tasks 1 through 4, and Volume I I  addresses 
the r e s u l t s  o f  Tasks 5, 6, 8 and 9. 

The f i r s t  two volumes therefore  repor t  the resu l t s  f o r  the commercial 
OTEC p lants .  The commercial OTEC p l a n t  i s  d i f f e r e n t  from a demonstration un i t .  
I t  i s  o f  l a rger  capacity; the actua l  output  capaci ty,wasestabl ished by the DOE 
a t  the end o f  the f i r s t  phase o f  the p ro jec t .  

Deta i led information and the conceptual design drawings are presented 
i n  a separate volume " ~ ~ ~ e n d i x e s  t o  Volume I I". 

. . 

Volume l I l addresses the resu l t s  o f  Task .7  and reports the studies 
performed on a development p lan f o r  the "Demonstration Plant". 

1.2 Summary 
. . 

 he. study was conducted i n  two phases. The f i r s t  phase covered tasks 1 
through 4 and consisted o f  a detai ' led eva luat ion . o f  numerous candidate p la t form 
h u l l  shapes. The Department of  Energy had spec i f i ed  s i x . g e n e r i c  h u l l  s.hapes: 



o Surface Ship 

o . Submersible' 

o Semi-submersi b l e  

o Spar 

o Disc ' ( ~ ~ 1  i n d r i c a l  Surface Barge) 

o Sphere 

The MR&S team opted t o  study a tubular  t russ type p la t fo rm as a seventh 
generic h u l l  shape. 

The second phase covered Tasks 5 through 9 and consisted o f  conceptual 
designs, analyses o f  f a c i l i t i e s  and equipment requirements, cost  and t ime 
est'imates, and s i t e  s e n s i t i v i t y  analyses, f o r  two plat forms selected by the 
DOE f o r  candidate commercial p lants,  as we l l  as the development o f  a p ro jec t  
p lan fo r  a demonstration p lant .  

On the b a s i s . o f  resu l t s  obta.ined from the de ta i l ed  eva lua t ion .s tud ies  and 
analyses performed i n  Phase I, the fo l low ing  plat forms were recommended t o  the 
DOE, by the MR&S team, as the most feasibl 'e candidates f o r  commerc.ia1 OTEC . ,  

platforms,' i n  order o f  p r i o r i t y :  

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

I t  was concluded, based on pre l iminary  co ld  water p ipe s t ress analyses, 
I 

t ha t  the surface sh ip  type plat forms w i t h  i n teg ra l  co ld  water pipes would be 
subjected t o  much la rger  wave-induced bending moments than those fo r  platforms 
w i t h  submerged main bodies. 

The DOE, a f t e r  reviewi.ng the conclusions and recommendat ions o f  a1 1 th.ree 
p la t form contractors,  assigned t o  MR&S the SPAR and SPHERE plat forms f o r  Phase I I  
studies; and estab l  ished the commercial p la t fo rm output capaci ty t o  be 400 MWe (net) .  

MR&S team generated two complete conceptual designs, one f o r  a "Spar" type 
. 'p la t form h u l l  shape w i t h  inboard heat exchangers and one f o r  a "Sphere" type p la t fo rm 

a l so  w i t h  inboard heat exchangers. 
. . . . 

The "Spar" p la t form'  i s  a ver t , ica l  ax i :~ymm.. ; i .  body w i t h '  a h igh length-to- 
d iameter ' ra t io .  The main h u l l  i s  completely submerged, and a slender access t runk 
leads t o . t h e  surface. This design minimizes motions. A l l  OTEC power.andseawater 
systems are located i n  the.main hul l ' .  C.ontro1 and t e s t  f a c i l i t i e s  o f f i c e s ,  and the 
p la t form's  ho te l  f a c i l ' i t i e s  are located i n  the deckhouse. (Figure s)- 

The ,!Tuned Sphere" pl.atform has 'substant ial"l:y evolved from i t s  o r i g i n a l  
concept. 121. The lower ha1.f o f  the p la t fo rm i s  heqispher ical  w i t h  the exception 



o f  the f a i r i n g  i n t o  the co ld  water p ipe wel l .  The upper p la t form has been 
ex tens ive ly  modified, ( ~ i ~ u r e  A) .  

Cost economics and f a b r i c a t i o n  problems e l iminated s tee l  h u l l s  f o r  both 
plat forms. Reinforced concrete became the mate r ia l  of choice. Hu l l s  and sea- 
water p i p i ng  were designed t o  take the s t a t i c  water pressure head (a func t ion  
o f  depth) and a wave overpressure. Decks were designed t o  take a  400 p s i  l i v e  
load when not otherwise loaded. An ANSYS ana lys is  was performed on each h u l l  
t o  confi.rm the s t r u c t u r a l  design calculat ' ions.  

The co ld  water p ipe se lec t i on  was made f o r  each p l a t f o rm  w i t h  the a i d  of  
computer ana lys is  techniques. H u l l  motions f o r  each p la t fo rm were pred ic ted 
us ing a  computer program. These responses were then used i n  both co ld  water 
p ipe  s t ress  analysi's computer programs ava i l ab le  t o  opt imize co ld  water p ipe 
des lgns- fo r  each platform. ~hes 'e  analyses y ie lded  two optimized pipes fo r  each 
p la t form,  co inc i den ta l l y  o f  s i m i l a r  charac te r i s t i cs .  The f i r s t  was a  double-.. 
wa l led  s tee l  p i pe  w t t h  buoyancy chambers. The second, which was eventua l ly  
selected, was a  s i ng le  wal led p ipe  formed o f  g lass- re in forced p l a s t i c  w i t h  8" 
(.203m) wa l l  thickness, and a r i g i d  h u l l  att'achment f o r  both platforms. Scenarios 
f o r  manufacturing, assembling, deploying, and a t tach ing  these pipes were developed. 

The arrangements o f  the  seawater systems were the primary fac to rs  i n  the 
evo lu t i on  of both OTEC p la t fo rm hu l l s .  To achieve maximum p lan t  ef f i .c iency,  
the systems were optimized, consider ing l i m i t a t i o n s  on equipment, resource 
a v a i l a b i l i t y ,  and p l a t f o rm  geometry. Arrangements o f  the o ther  power, suppo.rt, 
and auxi  1 i a r y  systems f o l  lowed. 

Drag ca lcu la t ions  showed t ha t  the forces on the plat forms a t  the primary 
s i t e  were tremendous. A t  a1 1  s i t e s  the s i ze  o f  the plat forms and the resu l t an t  
drag forces ru l ed  out  the use o f  dynamic pos i t i on ing  systems because o.f size, 
cost ,  and power consumption. While a  m u l t i p o i n t  mooring system could be developed 
f o r  the o t h e r . s i t e s ,  the prime s i t e .  was found t o  requ i re  the use o f  a  3 leg 
"hol low c y l  i n d r i c a l  1  ink" (HCL) mooring system. Analysis o f  watch c i  r c l e  data 
showed no need f o r  a  tensloning winch system. 

Extensive inves t iga t ions  were performed f o r  the const ruct ion and deployment 
o f  both plat forms. Analyses showed t ha t  construct  ion o f  both p la t forms had t o  be 
accomplished i n  phases, due t o  t h e i r  immense size. The optimum land-based con- 
s t r u c t i o n  s i t e ,  was found t o  be on the F lo r i da  panhandle. An Intermediate 
const ruct ion s i t e  a t  the head o f  the DeSoto canyon i n  the Gul f  o f  Mexico would be 
used, fol lowed by f i n a l  const ruct ion a t  the selected commercial OTEC deployment 
s i t e .  

The development o f  these construction/deployment scenarios. i n te r faced  
cont inuously w i t h  the p a r a l l e l  e f f o r t s  t o  determine the c r i t i c a l  f a c i l i t i e s  and 
equipment, and cost and t ime schedules. 

No e x i s t i n g  f a c i l i t i e s  can cu r ren t l y  handle the Phase I construct ion.  
However, fo l l ow ing  European p rac t i ce  f o r  la rge  concrete const ruct ion p ro jec ts ,  
few problems a r e  foreseen i n  developing a  s i t e ,  o r  perhaps even an a r t i f i c i a l  
i s l and  i f  cost economics should prove t o  be promising. 

The t o t a l  acqu is i t i on ,  operation, and l i f e  cyc le  costs f o r  the two plat forms, 
i n  terms o f  $/KW, are  est imated t o  be,. per  p la t form:  



Acquisi:t ion 
Operat i on  
L i f e  Cycle 

Sphere 
2690 

Spar - 
2357 

The s e n s . i t i v i t y  o f  t h e  OTEC p l a n t s  t o  t h e  environmental c o n d i t i o n s  a t  
a l t e r n a t e  s i t e s  and i , t s  impact on p l a t f o r m  designs were a l s o  studied.  These 
s tud ies  revealed t h a t :  

o Current  drag a t  bo th  a l t e r n a t e  s i . tes ( ~ e w  Orleans and Pue'rto 
Rico) was cons iderab ly  l ess  than the  base1 i n e  (west Coast o f  
~ l o r i d a )  s i t e ,  a l l o w i n g  a reduc t ion  i n  t h e  mooring system costs.  

o More t o t a l  thermal resource would be ava i . lab le  a t  t h e  Puerto 
Rico s i t e  than a t  t h e  o t h e r  two. s i t e s .  

o The base l i ne  s i t e  i s  f a r t h e s t  from i t s  neares t  l a n d f a l l ,  causing 
i t  t o  be the  extreme i n  cos ts  f o r  power t ransmiss ion  and per-  

- sonnel/supply t rans fe r ; .  

It was concluded on t h e  bas is  o f  a l l  i tems discussed above t h a t :  

o The Spar p la t fo rm,  w i t h  inboard heat exchangers as assigned t o  
MR&S, appears t o  be p r e f e r a b l e . t o  t h e  Sphere c o n f i g u r a t i o n .  

o A conservat ive  es t imate  f o r  one Spar p l a t f o r m  c o n s t r u c t i o n  would 
be th ree  years (as opposed t o  n e a r l y  f o u r  years f o r  t h e  sphere). 

o The most l o g i c a l  cho ice  f o r  t he  "Demonstration P l a n t t '  s i z e  would 
be 100 MWe. 







SECTION 2.0 

SYSTEMS ENGINEERING AND INTEGRATION 

2.1 P l a t f o r m  Ocean Systems - General 

The o b j e c t i v e  o f  t h e  ocean systems, when in teg ra ted  w i t h  t h e  e l e c t r i c a l  
t ransmiss ion  system and t h e  OTEC power cyc le ,  i s  t o  generate s u f f i c i e n t  power 
a t  reasonable cos t  t o  be a t t r a c t i v e  f o r  commercial a p p l i c a t i o n s .  The a t t r a c t -  
iveness w i l l  be based on t h e  minimum i n s t a l l a t i o n  and opera t i ng  cos ts  i n  terms 
o f  $/KW f o r  the  p la t fo rms  which best  meet the  system requirements. The ocean 
systems must per form w i t h i n  requ i rements .d ic ta ted '  by t h e  c h a r a c t e r i s t i c s  o f  
t h e  power cyc le ,  t h e  e l e c t r i c a l  t ransmiss ion  system, t h e  s i t e  c h a r a c t e r i s t i c s ,  
and t h e  energy park  c o n f i g u r a t i o n .  

The commercial a p p l i c a t i o n  o f  ocean thermal energy convers ion can be 
summarized as shown i n  Table 1 .  As seen there,  t he  end ou tpu t  o f  the  OTEC p l a n t s  ' 

cou ld  be e i t h e r  e l e c t r i c a l  power o r  energy i n t e n s i v e  products.  The present  pro-  
j e c t  considers t h e  case o f  t h e  e l e c t r i c a l  power genera t ion  on ly .  The product ion  
o f  energy i n t e n s i v e  products by t h e  use o f  OTEC generated e l e c t r i c i t y  on board 
t h e  p l a t f o r m  p l a n t s  themselves i s  being performed by o the rs  [31.  

The basic scenar io  as s p e c i f i e d  b y . t h e  DOE f o r  a  commercial OTEC a p p l i c a t i o n  
comprises an energy pa rk  c o n s i s t i n g  o f  a  number o f  i nd i ' v i dua l  p la t fo rms,  each 
producing a  c e r t a i n  l e v e l  o f  e l e c t r i c a l  energy output .  The i n d i v i d u a l  p l a t f o r m  
would i n t e r f a c e  w i t h  the  macroscopic support f a c i l i t i e s  and w i t h  t h e  i n t e r p l a n t  
and shore power t ransmiss ion  l i n e s .  The p la t fo rms  would be spaced on the  bas is  
o f  n o t  p e r t u r b i n g  the  thermal resource a v a i l a b i l i t y  a t  t he  spec i f i ed  ocean s i t e .  
Each p la t fo rm,  as seen i n  Table 1,  would c o n s i s t  o f  t h e  OTEC power equipment 
i n s t a l l a t i o n s ,  t h e  electrical t ransmiss ion  system i n t e r f a c e  ( t h e  power condi-  . 

t i o n i n g  equipment), and the  ocean systems themselves t h a t  comprise t h e  p lat form. 

The f i r s t  t a s k  undertaken t o  a r r i v e  a t  t h i s  o b j e c t i v e  was the  development o f  
a  work breakdown s t r u c t u r e  t o  enable a  thorough a n a l y s i s  and eva lua t ion  o f  the  
ocean systems. 

2.1.1 Work Breakdown S t r u c t u r e  

The ocean.systems making up t h e  complete commercial OTEC p la t fo rm a r e  
best  exp la ined i n  t h e  t h i r d  l e v e l  work breakdown s t r u c t u r e  shown i n  Table 2. 

It must be .noted t h a t  t h i s  work breakdown s t r u c t u r e  (WBS) was , 
' 

developed by MR&S on t h e  bas is  o f  an o r i g i n a l  WBS supp l ied  by t h e  DOE. It 
was modi t ied  t o  s u i t  t h e  needs o f  development s p e c i f i c a l l y  f o r  t h e  purpose 
o f  eva lua t ing  t h e  m u l t i t u d e  o f  poss ib le  shapes and con f igu ra t i ons  o f  t h e  

.. p l a t f o r m  h u l l s  and va r ious  systems. As such, i t  inc ludes-  hardware as w e l l  
as software. A  more thorough WBS was l a t e r  developed i n  the  course o f  t h i s  
p r o j e c t  p r i o r  t o  t h e  i n i t i a t i o n  o f  Phase I I  work as a  r e s u l t  o f  a  j o i n t  
e f f o r t  by t h e  t h r e e  p l a t f o r m  con t rac to rs ,  t h e  DOE, and the  NQAA. 

2.1.2 Ocean Systems Requirements and Const ra in ts  

I n  general ,  t h e  ocean. system i s  expected t o  s a t i s f y  t h e  f o l l o w i n g  
requ i  rements.: 
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. o  Provide a s a t i s f a c t o r y  p l a t f o rm  t o  conta in  and support the 
- power system and o ther  anci  1 l a r y  equipment. 

o Provide s u f f i c i e n t  c o n t i n u i t y  o f  operat ion . t o  ensure commercial 
v i a b i l i t y .  

o Enable const ruct ion o f  major p la t fo rm components i n  the United 
States. 

o Survive the expected extreme environmental events a t  a l l  the 
s i t e s  considered. 

o Exh ib i t  40 year serv ice l i f e .  

o Provide f o r  maintenance o r  replacement o f  i n t e rna l  equipment. 

o Del iver  required quan t i t y  o f  co ld  and warm seawater t o  the 
power sys tem; 

o ~ a i n t a i n  commercially compet i t ive .costs  o f  the f i n a l  output  power. 

I n  order  t o  meet the above mentioned requi  rements, var ious systems o f  
the OTEC p la t fo rm must e x h i b i t  c e r t a i n  cha rac te r i s t i c s  and comply w i t h  c e r t a i n  
condi t ions.  Given below i s  a summary o f  the requirements and cons t ra in ts  fo r  
each major ocean system. 

P la t form Hu l l  

The p l a t f o rm  h u l l ' s h a l l  support the power system, the seawater 
,system and serv ice systems, and sha l l  p rov ide l i v i n g  quarters f o r  the 
crew.. The p1,atform sha l l  be s u f f i c i e n t l y  s tab le  and s t r u c t u r a l l y  sound 
t o  permit  e l e c t r i c a l  product ion dur ing even the most severe storm 

-condi t ions an t i c i pa ted  except ,hur r icane condi t ions.  For each of the 
seven generic h u l l  shapes the forms, capac i t ies ,  arrangements, the 
s t a b i l i t y ,  drag cha rac te r i s t i c s ,  motions and loads, s t r u c t u r a l  scant l ings,  
const ruct ion considerat ions,  costs,  c e r t i f i c a t i o n  requirements, and 
o u t f i t t i n g  requirements were invest igated.  

b. Seawater System 

The seawater system must t ranspor t  s u f f i c i e n t  quan t i t i e s  o f  c o l d  and 
warm water t o . t h e  power system f o r  the product ion o f  a spec i f i ed  output  
power per p la t form.    he amount o f  seawater requ i red based on the power 
system design data i s  about 70 GPM per k i  lowat t  warm water, and 71.8 GPM 
per k i l o w a t t  co l d  water (assuming a power p l an t  e f f i c i e n c y  o f  2.5% and a 
co ld  and warm water temperature range of  4 ' ~ ) .  

c. Pos i t i on ing  System 

The basic ob jec t i ve  o f  the pos i t i on ing  system i s  t o  main ta in  the OTEC 
p lan t  on s t a t i o n  w i t h i n  a spec i f i ed  tolerance, t o  o f f e r  low acqu is i t i on ,  
operation, and maintenance costs, and t o  requ i re  low p a r a s i t i c  power 
consumption. The requirements must be determined by the e f f e c t s  o f  s i t e  
condi t ions,  p la t fo rm drag forces, economic considerat ions,  and the r e l i -  
a b i l i t y  o f  new appl ied technology. Two pos i t i on ing  systems, namely 
dynamic th rus te rs  and anchor mooring systems, must be considered and a 
se lec t ion  must be made o f  one o r  the other,  o r  a combination of both. 



d. P la t form Service Systems 

The p l a t f o rm  serv ice systems, as ind icated i n  Table 2, cons is t  
b a s i c a l l y  o f  the e l e c t r i c a l  and mechanical i n s t a l l a t i o n s ,  i n t e r i o r  
communications systems, environmental con t ro l  and monitoring systems, 
nav iga t ion  and l i f e  support systems, deck machinery, and o ther  work 
systems. 

e. Mission Support Systems 

Mission support system considerat ions sha l l  include, but  not  be 
l i m i t e d  to ,  the fo l low ing  equipment and systems: 

1. OTEC con t ro l  and moni tor ing systems 
2. Equipment and spare par ts  storage and handl ing i n s t a l l a t i o n  
3 .  Replenishing serv ices,  inc lud ing supply vessel landing and 

h o l i ~ o p t o r  landing 
4. Deployment facilities inc lud ing  t ranspor ta t ion  and towing, 

and requirements f o r  the complete OTEC p la t f o rm  

A l l  o f  the above requirements and cons t ra in ts  for  the f i v e  major 
ocean systems and t h e i r  subsystems were invest igated i n  d e t a i l .  However, 
the systems requirements considered herein were used s p e c i f i c a l l y  fo r  
the development o f  an eva luat ion and ranking o f  the p la t forms f o r  Phase I 
work. ' Some o f  the:requirements were changed i n  some spec i f i c  areas 
inc lud ing  OTEC power module. size, co ld  water p ipe diameters, charact- 
e r i s t i c s  o f  OTEC.sites, e tc .  f o r  the Phase I I  work. 

2.2' P la t form Hu l l  Studies 

2.2.1 Var ia t ions o f  ~ e n e r i c  Shapes and Candidate Conf igurat ions 

The con f igu ra t ions  o f  OTEC commercial p la t forms from previous s tud ies 
were reviewed and new con f igu ra t ions  were developed and analyzed as poss ib le  
candidates f o r  cons iderat ion i n  the evaluat ion.  It was seen t h a t  e s s e n t i a l l y  
they belong t o  one of the f o l l ow ing  generic types: 

, 
o Spar Buoy - main h u l l  below water surface, smqllep "$par" pierces 

surface f o r  access. 
o Tubular Truss St ructure  - network o f  t russ  members connected t o  a 

submerged main h u l l .  
o Surface F loa t i ng  V e r t i c a l l y  Axisymmetric - cy l t ndb i ca l  main h u l l s .  
o Surface Shipshape 
o Surface Sphere 
o Semi-Submersible 
o Submers i b l e  

A l l  poss ib le  va r ian ts  of each p la t fo rm shape were subjected t o  a pre- 
l im inary  screening and the most obvSously impract ica l  va r ian ts  were e l iminated 
from fu r t he r  considerat ion. With the  add i t i on  o f  some f u r t h e r  va r i an t s  o f  the 
spar and d i sc  type plat forms, a t o t a l  o f  84 h u l l  shapes were entered i n t o  the 
p re l im inary  screening eva luat ion process and they were graded i n  accordance 



w i t h  the eva luat ion methodology developed f o r  t h i s  purpose. 

The va r i an t s  t ha t  received the highest  grades f o r  each gener ic h u l l  
shape were the f o l  lowing: 

o Shipshape 

. Surface Hu l l  w i t h  In tegra l  Cold Water Pipe (CWP) . Surface Hu l l  w i t h  Detached CWP 

. E l ' l  i ,pt i c a l  w i t h  Access Trunk, lnboard Heat Exchangers (HX) . .E l l i p t i ca l /Access  Trunk/Outboard HX 

. lnboard HX . Outboard HX 

Spar- l n tegra l  ' C W P  .. . . 

o Sphere- I ntegra 1 'CWP 

. lnboard HX . Outboard HX 

o Disc- In tegra l  CWP 

. lnboard HX 

. Outboard HX 

o Tubular Truss 

. SubmergedMainHull  

. . The above 13 h u l l  c o n f i g u r i t i o n s  were selected .as cand.idates f o r  . i :nte- 
g ra t i on  w i t h  o ther  ocean syst'ems t o  form the .OTEC p la t form.  r 

. A  schematic representat ion o f  t'hese i n teg ra t i on  candidates can be seen 
i n  Figure 1. 

, 

Arrangements f o r  Candidate Hu l l  Systems 

For each o f  the 7 generic h u l l  shapes, an advanced concept design was 
s tar ted.  As the feas ib i ' l  i t y  s tud ies f o r  the p la t fo rm h u l l ,  seawater, and pos- 
i t ion i ng systems progressed, the des igns were mod i f ied and arrangement sketches 

. . 
. . were d,eveloped fo r  each h u l l .  Based on the thermal resource s tud ies and 

c o n s t r u c t a b i l i t y  considerat ions,  i t  was found necessary t o  develop arrangements 
fo r  p la t form output  s izes ranging from 100 MW t o  400 MW. 
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The concept arrangements f o r  the 100 MW p la t forms are included i n  Figures 
2  through 8 f o r  d i f f e r e n t  generic shapes. As i t can be seen i n  these 
i l l u s t r a t i o n s ,  an i n teg ra l  CWP was assumed f o r  a l l  shapes f o r  purposes of 
uni formi ty .  

The concept arrangements f o r  the 200 MW and the 400 MW p la t forms were 
a l so  developed on the b'asis of  de ta i l ed  ca l cu la t i ons  performed i n  es tab l i sh i ng  
the p la t fo rm sizes. The most important guide' l ine, na tu ra l l y ,  was t o  ob ta in  a  
p l a t f o rm  sJze capable o f  conta in ing the' necessary number o f  power modules t o  
g i ve  the desired output  and t o  prov ide s u f f i c i e n t  buoyancy f o r  support ing the 
complete ocean systems t o  be i n s t a l l e d  on board. 

Drag ca lcu la t ions  were performed f o r  the generic p la t fo rm h u l l  configur- 
a t ions  un'der considerat ion fo r  the three si,tes:' Key West, New Or.leans, and 
Puerto Rico. Both normal and extreme condi t ions o f  wind and cur rent  were 
considered using the data from the s i t e  environmental package [4]. 

Only s t a t i c  drag was considered w i t h  the wind and cur ren t  ac t i ng  i n  the 
same d i r ec t i on .    he t o t a l  p la t fo rm drag i s  broken i n t o  three components: wind 
h u l l  drag, cu r ren t  h u l l  drag, and c o l d  water p i pe  drag. 

Figure 9 i s  a  p l o t  o f  s t a t i c  drag force vs. p l an t  s i z e  f o r  the normal 
condi t ions a t  the Puerto Rico s i t e .  

2.3 Evaluat ion Procedure 

The eva luat ion methodology developed w i t h  the purpose of  es tab l i sh ing  the 
ranking o f  numerous generic h u l l  shapes when in tegrated w i t h  o ther  ocean systems, 
can be summarized as shown i n  Table 3. The methodology b a s i c a l l y  cons is ts  o f  a  
p re l im inary  eva luat ion o f  the system and subsystem candidates and i n teg ra t i on  
of  various systems i n t o  the complete OTEC platform. The in tegrated candidates 
are  then graded and evaluated using weight ing f ac to r s  developed fo r  t h i s  purpose 
and the rankings f o r  the f i n a l  in tegrated platforms a re  thereby obtained. 

The eva luat ion process, cons is t ing  o f  successive matr ices f o r  analyzing 
ind iv idua l  ocean systems as we l l  as i n t eg ra t i ng  them, i s  developed on the basis 
o f  a  method o u t l i n e d  i n  151. 

When performing the pre l iminary  eva luat ion o f  system and subs'ystem candidates, 
as shown i n  Table '3, i t  was estab l  ished t ha t  the p l a t f o rm  .service and the mission 
support systems would no t  in f luence the se lec t i on  o f  p l a t f o rm  confFgurations most 
su i t ab le  t o  the intended OTEC operations. Therefore, the eva luat ion i s  r e s t r i c t e d  
t o  a  considerat ion o f  the p l a t f o rm  h u l l ,  seawater, and the pos i t i on ing  systems. 

The eva luat ion methodology i s  based on the character is t4cs o r  c r i t e r i a  r e l a t i n g  
t o  each i nd i v i dua l  major ocean system as shown on the l e f t  hand column of  Table 4 
which a l s o  l i s t s  the  measures o f  me r i t  used i n  analyzing the requirements fo r  each 
c r i t e r i o n  and the u n i t s  of  measurement and the  basis t o r  grade fo r  each c r i t e r i o n .  

The basic phi losophy i n  performing the eva luat ion process was t o  grade the items 
o f  s i gn i f i cance  i n  the work breakdown s t r uc tu re  i n  accordance w i t h  the degree t o  
which they s a t i s f y  the requirements. I n  order t o  do t h i s ,  weight ing fac tors  were 
determined f o r  each i tern t o  r e f l e c t  i t s  degree o f  s i g n i f i c a n t  con t r i bu t i on  t o  the 
requi  rements o f  appl i cab le  c r i t e r i a .  The assignment o f  weighting. f ac to r s  were 
based on cost, cons t ruc tab i l i t y ,  r e l i a b i l i t y ,  o r  s i m i l a r  considerat ions. They were 
quan t i f i ed  wherever poss ib le  o r  a  l og i ca l  approach was 'used where quant i f ica t ion. :  
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was no t  possible. 

2.4 I n teg ra t i on  o f  Ocean Systems 

Various i nd i v i dua l  ocean systems were considered t o  be par ts  o f  a whole, 
and the methods o f  integrat ing..them i n t o  one commercial OTEC p la t f o rm  were 
es tab l  ished. The approach was t o  combine the most f eas ib l e  ocean system w i t h  
o the r  corresponding best  ocean systems. For example, the most su i t ab le  co ld  water 
p ipe  con f igu ra t ion  f o r  any one p l a t f o rm  con f igu ra t ion  should be the one t ha t  i s  
incorporated i n t o  the f i n a l  OTEC p la t f o rm  o f  t ha t  shape. S i m i  l a r l y ,  the best  sea- 
water system layout,  the  best  pos i t i on ing  system candidate, and the best  p la t form 
serv ice  and miss ion support system should be incorporated. 

P la t fo rm Hu l l  Candidates 

The p l a t f o rm  h u l l  con f igu ra t ions  selected as f i n a l  candidates f o r  
i n t eg ra t i on  w i t h  o ther  ocean 'systems are: 

a. Surface sh.ip w i t h  i n t eg ra l  and detached.cold water pipe. 
b. Submersible w i t h  inboard and outboard heat exchanger conf igurat ions.  
c. Semi-submersi b l e  w i t h  inboard and outboard heat 'exchanger conf igur -  : 

a t ions.  
d. Spar type p l a t f o rm  o f  mono-hull and mul t i -hu? 1 conf igurat ions.  
e. Spherical p l a t f o rm  w i t h  inboard and outboard heat exchanger 

arrangements. 
'f. surface d i s c  type p l a t f o rm  wi.th respec t i ve ly  h igh  and low L/D r a t i o .  
g. Tu.bular: t russ  conf igurat ion.  

The above t h i r t e e n  h u l l  conf igurat ions were subjected t o  an eva luat ion 
process. The r e s u l t i n g  eighteen top candidates a re  tabu la ted i n  Table 5. These 
a re  the p l a t f o rm  h u l l  candidates t o  be in tegrated w i t h  o ther  ocean systems. 

2.4.2 Seawater System/CWP Candidates 

The three best  candidates f o r  the seawater system layouts a l l  cons is t  of  
s h e l l  and tube type heat exchangers o f  ho r i zon ta l  conf igurat ion.  These are t o  
be used i n  connection w i t h  surface type plat forms. For p lat forms w i t h  submerge( 
main bodies, the v e r t i c a l  heat exchanger conf igurat ions appear t o  be.more 
su i  tablc.  

The co ld  water p ipe con f igu ra t ions  t o  be.used w i t h  those p la t forms t o  
which they a re  app l icab le  and most s u i t a b l e  a re  shown i n  Table 6. 

2.4.3 Pos i t i on ing  System Candidates 

Table 7 l i s t s  the s i x  pos i t i on ing  system candidates t o  be used f o r  in te -  
g ra t i on  w i t h  o ther  ocean systems. The best  system f o r  i n t eg ra t i on  w i t h  an 
app l i cab le  p l a t f o rm  i s  a hyb r i d  pos i t i on ing  system w i t h  th rus te rs  and warm 
water discharge. The second best pos i t i on ing  system i s  a mu l t i - po in t  mooring 
system w i t h  drag anchors. The t h i r d  best  i s  again a mu l t i - po in t  mooring system 
w i t h  th rus te rs  and drag type anchors. The f o u r t h  and f i f t h  best systems are 
three-legged hol low c y l i n d r i c a l  l i n k  (HCL) mooring systems w i t h  g r a v i t y  anchors 
and thrusters .  The l a s t  best  i s  a three-legged HCL mooring system w i t h  g r a v i t y  
anchors. 
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FINAL COLD WATER PI?E CANDIDATES 
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. . 
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. . . . ! ' . - '  ' . .  ' . . . . . . 

. . 
. . 

10 . '  . , , Pinned athi111 : I !  s u r f a c e  Ship, . . .  . ,' A t ,  GRP ..- . . 
. . . . . .  . . . . 

. . .  '.--Surface Disk . Restrained End- . . . , . . . . . . . . . - . . . . .  . . . .  , . . . Ball Joint .Pipe' . , . . . . . . . . 

. 1 1  .:. Pinned at hull Submersible, , . A t ,  GRP 
Restia i ned End . . Semi -Submersible 
Ball Joint Pipe . Tun'ed Sphere . . . 





2.4.4 ln tearated Platforms 

A t o t a l  o f  eighteen p la t fo rm h u l l  candidates, eleven co ld  water p ipe  
conf  igur"at ions, and s i x  pos i t i on ing  system conf igurat ions are  used i n  in te -  
g ra t i ng  the f i n a l  OTEC Commercial Plat form Candidates. Tables 5  through 7 
present these candidates i n  the order o f  rank as obtained from t h e i r  i nd i v i dua l  
eva luat ion processes. 

However, no t  a l l  o f  the eleven co ld  water p ipe conf igurat ions and not  
a l l  o f  the s i x  pos i t i on ing  system candidates are  app l i cab le  t o  each and every 
platform. Some o f  these' candidates are  appl i cab le  spec.i f i c a l  l y  f o r  one o r  more 
types o f  p lat forms and these a re  i d e n t i f i e d  i n  the tables. 

The i n teg ra t i on  o f  these ocean systems, resu l ted  i n  the f l n a l  p la t forms 
l i s t e d  i n  Table 8. The f i n a l  candidates are l i s t e d  simply i n  the order t ha t  
they were integrated.  Also 1 i s t e d  are the candidate numbers and the descr ip t ion  
f o r  each i nd i v i dua l  systcm uged i n  in tegrat ion.  60r example: tho in tegrated 
candidate # 1  i s  a  sh ip  shape type p l a t f o rm  h u l l  o f  s tee l  cons t ruc t iu r~  ir i teyl-atcd 
w i t h  a  pos i t i on ing  system candidate #6 (due t o  the f a c t  tha t  on ly  #6 pos i t i on ing  
system candidate i s  appl icab le  t o  a  sh ip  shape type platform). 

Where there are  more than one poss ib le  candidate for  the pos i t i on ing  o r  
the cold water p ipe configurat i-ons f o r  any one p la t form,  these a re  presen'ted as: 
a d i f f e ren t  in tegrated p la t fo rm candidate. I n  t h i s  manner, a  t o t a l ' o f  25 
in tegra ted  p la t form candidates are  named. 

.Eva luat ion o f  In tegrated P la t form Candidates 

These twenty f i v e  candidates here in  cover a  complete spectrum o f  p la t form 
h u l l  shapes, pos i t i on ing  system, and co ld  water p ipe conf igurat ions.  

I n  eva luat ing these in tegrated commercial p la t fo rm candidates, the 
methodology b r i e f l y  discussed 'above and shown i n  Tab1.e 3, i s  used; However, 
I n  order t o  assign grades t o  the candidates on the 'basis of costs (both 
a c q u i s i t i o n  and operat ing costs)  a  cost  ana lys is  study must be.performed on the 
' integrated platforms us.ing the proposed ocean sys tems. 

Th is  cost  analysts was performed i n  Phase I studies and const ruct ion,  
deployment, and operat ing costs f o r  .var ious in tegrated p la t fo rm candidates were 
est imated and used i n  i he  evaluat ion.  

The r e s u l t s  o f  the de ta i l ed  eva luat ion process f o r  i nd i v i dua l  systems 
as we l l  as f o r  in tegrated p la t forms are i n  f i l e  a t  MRES o f f i ces .  Table 9 
shsws a sample evaluation matr ix .  

The r e s u l t s  a re  summarized i n  Table 10. As i t  can be seen, the tubu la r  
t russ  type in tegrated p la t fo rm appears t o  be the most v i ab le  candidate f o r  use 
as a  commercial OTEC p la t f o rm  w i t h  a  Re la t i ve  Figure o f  Me r i t  ( ~ ~ 0 1 4 )  of  4.63. 

A c lose review o f  Table 10 reveals the fo l lowing:  

1. Candidates ranking #2, 5, 9 and 10 a re  a l l  low.L/D d isc  type p la t fo rn  
w i t h  vary ing pos i t i on ing  systems and const ruct ion mater ia ls.  

2. #3, 4, 5, '7, 8 and 17 are a1 1 SUBMERSIBLE h u l l s  w i t h  vary ing combin- 
a t ions  o f  heat exchanger arrangements and const ruct ion mater ia ls.  

3. #11, 12, 13, 15 and 18 are a l ' l  SPAR type p l a t f o rm .hu l l s  w i t h  d i f f e ren  
const ruct ion mater ia ls  and co ld  watersp ipe conf igurat ions.  
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CAND l DATES \rllTH THE PLATFORMS 

~- - 

l NTEGRATED PLATFORM HULL POS ITlONl NG cwp 
CAN0 I DATE DESCR l PT l ON & SYSTEM * SYSTEM 
NUMBER CANDIDATE NO. ' . CANDIDATE NO. CANDIDATE NO. 

, '  ship/steel " . ' . ' .  1 6 : . .  1 . . '  . s  - .  
. . . . . . . .  . . : .  . . : . . .  2 Disc/Steel 2 . : . . ' . 1 -  . . , : 5 

3 : ,. :. Disc/Steel \ 2 ' . 2 ,  ::. . . .  . . . . . . . . .  . . . ' .  5 ;.. 

4 . . .  ' ,  . .  . :  . .  SemiSub/S.teel . . ' . ' . .  3 .4 . ,,:.': . -. ' . . .  . . . .  . . . . 4 " . . . .  : . 4 . . . . . . . . . . . .  ;. . - . - 5  .. -. 1. . - . ...- '- .Semi--Sub/rConcee - . . .  - - 4 : ..- 
. . . . . . . . . . . . .  6 . . . ' . .  . :  Spar-Single HUI l / ~ t e e l .  . 5 4;.. 2 . .  , . .  

. .  . . . . . . . . .  7'.  . . . . . . . . .  : Spar-Single Hul l /Steel 5 4 .  
. . .  , . : .:. 3 - . . . . . .  

, . . . 
. . . . . .  . .  . . . . . . .  8 ' ' . . ' . . Shi p/Concrete : .. 6 . . 6 : . . .  : .  . '  . 5 . - '  - :- 

. . .  - .  . . 
. . '  . . . .  9. . . . . . ' .  : Truss/Concrete - .  7 z.:...'.' . ' . 1 . . .  . 

10 : . . 
. 8 - ': 4'  , . .-. , ' ' .  Semi-Sub OBIConcrete . . . . .  . . .  

. . ' 9 , I : . :  ' . -  . '  . 4 '  , 
1 . :.. . Semi-sub. I B/Steel.. . . .  .: .4 

. -  12 , . . semi -sub.. 1 B/S tee1 . 9 , . . 2 .  . . .  . . ..' : 4 . 
. . .  13 . . . . . . . . .  Sphere/Concrete . ' 1 0  . .  6 1'. .: ;.- 4 . . 

. . . .  . . .  . . . . .  . 14 .. .: : . . Semi -Sub OBISteel. 4 , . : -  . . ' 4  
. . .  . . . . . .  . . 

. .  . . . . . . .  . - 15. . . . - . . .  ] Submersible-lB/Concrete.' '. 12 . . .  - . I . ' .  :.. . . . .  . :4  - 
. . .. 16 . . . .  ::. . :  . . . .  Submersible-IBXoncrete 12 , . 2. ' : ' . :  . . .  . . 

' '  , ' - 4 - '. . . . .  . . .  . . . . .  
: 17 :. ' .  , ' .  Semi-Sub-OBISteel . . . 13 . . . .  4 . : . .  . . .-. . . . . : . . .  . 4 - .. 

. . .  8 ' : :. Spar]Concrete . . . - 14 .: 4 '  ‘1 : . . .  . . - . . '.. ..: : . 2  . '. . - . . )  . . .  14 , 'L4 : . - . . .  
. . . .  . .  . .  ." 19 . '... . . Spar/Concrete . . ' . . . . 3:.. . . 

1. : : :  
. -. 

20 . . . . : '-. . ~ u b m r s i b l e - 0 ~ / ~ t e e l  , '  15 ' . 
. . 

: *. .: 4 . . 
. . 

21 . . . . .  . .  Submersible OBISteel ' 1s '2.'; - . . . 4 
22, :.. .:. . - .  . : . . :  . Ver t ica l  Axisymmetrica1.-H/ 16 : : : . ' ;  .- :'... . . . 

. . 
. . . . . . Steel . . . . 3;:.-...' , .  . . . .  - 

. . 
. s * .  

. . . . . . .  23:; . '  . . I  D i sc/Concrete . . . . .  : - . . . . . . . .  17 :.. 1 :. . . . . . . .  :. ' 5  . -  . . .  . . . . 
. . 

, . .  . . '  . . . . ' . . .  24 . . : .  : - D i  scl toncrete ... ..: . .  . . :  . . 17 2. 5 .'. 
, ' ,  . , . - ,4  ' .':': . ' . " ' . . .  . 

25 . '  . . . .  Spar-MH/Concre te ' . . .  ;'.:. . .  . . 2 .  .. . 
. . 

i ' 
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. 
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4. ' # I 4  and 24 a re  s tee l  SURFACE SHIPS. 
5.. #15 i s  a VERTICAL AXlSYMMETRlC h u l l  w i t h  h igh L/D r a t i o .  
6. #19 through 23 a re  a1 1 SEMI-SUBMERSIBLE h u l l s  w i t h  d i f f e r e n t  

const ruct ion mater ia ls  and heat exchanger conf igurat ions.  
7. #24 . is  a SPHERE o f  concrete construct'ion. 

The above analys is  ind icates t h a t  a d e f i n i t e  t rend can be estab l ished 
when i t  i s  assumed t h a t  for  each h u l l  shape, the most promising CWP, heat 
exchanger arrangement, and the pos i t i on ing  system can be selected. The trend, 
which can be understood when the combination o f  i nd iv idua l  'ocean systems fo r  
the same type o f  p l a t f o rm  a re  t rea ted  as one a l t e r n a t i v e  appears t o  be as fo l lows: 

1. Truss 
2. Disc 
3. Submersible 
4. Spar 

5. Ship 
6. V e r t i c a l  Axisymmetric 
7. Semi-submersible 
8: Sphere 

Furthermore, the  r e s u l t s  o f  p re l im inary  stress.analyses performed on 
surface sh ip  type p la t forms w i t h  i n t eg ra l  CWP ind lca te  t ha t  wave induced bending 
moments f o r  surface vessels are  .much. la rger  than those f o r  p la t forms w i t h  stib- 
merged main bodies., such as the submersible, spar; etc. Pending fu r ther  
in 'vest igat lon o f  the  CWP. stresses and v e r i f i c a t i o n  o f  above statement by a more 
accura'te ana lys is  such as by the ANSYS o r  NASTRAN f i n i t e  element programs, ' i t  may 
be sa id  a t  t h i s  p o i n t  i n  time, t ha t  any surface type plat ' form w i  1 1  have a poorer 
s t ress  performance w i t h  the i n teg ra l  CWP arrangement. I f ,  o n  t h i s  basis, a l l  
sur face type p la t forms a re  e l iminated from the ranking, we would be l e f t  w i t h  
the f o l l ow ing  eventual candidates f o r  the commercial' OTEC p la t form:  

. - . . 

1. Tubular t russ  
2. Submersible 
3. Spar 
4. Semi-submers i b l e  
5. Sphere 



SECTION 3.0 

TECH14 I CAL CONCEPT 

The ~ e p a r t m e n t  o f  Energy "Hu l l  Recommendat ions Board" reviewed inpu ts  by 
the. t h ree  con t rac to rs  and made assignments f o r  t he  Phase I  I w o r k . c o n s i s t i n g  o f  
conceptual designs, cos t  estimates', and t ime schedules. To M'RES, the  SPAR and 
SPHERE p la t fo rms were assigned.. The o t h e r  two con t rac to rs  were assigned the  
"'surface s h i p  and semf-submers i ble", and "spar and sur face ship" p la t fo rms  
respec t i ve l y .  

Genera 1 Approach 

The general approach i n  developing the  conceptual designs f o r  the  two p la t fo rms  
was t o  maantain a design s p i r a l  and a r r i v e  a t  5 i t e r a t i o n s  o f  t he  p l a t f o r m  arrange- 
ments, s t r u c t u r a l  scan t l i ngs ,  and i n s t a l l a t i o n  techniques, as w e l l  as cons t ruc t -  
a b i l i t y  and d e p l o y a b i l i t y  considerat ions.  Concept drawings were developed f o r  the  
f i n a l  i t e r a t i o n  der ived as a r e s u l t  o f  t he  design evo lu t i on .  On the  bas is  o f  the  
f i n a l i z e d  conceptual design, cos t  est imates were prepared and t ime schedules 
developed f o r  bo th  the  spar and t h e  sphere p la t fo rm.  The h u l l  ou tpu t  s p e c i f i e d  f o r  
the commercial OTEC appl i c a t  ion  (by t h e  DOE) was 400 MWe nek capaci ty .  E igh t  o f  
these p la t fo rms would be s t a t i o n e d  a t  one OTEC s i t e  t o  c o n s t i t u t e  what i s  termed 
an OTEC Energy Park, and there fore ,  t h e  n e t  power generat ion capac i t y  o f  one pa rk  
was 3200 MWe. F e a s i b i l i t y  s tud ies  were improved f o r  t h e  major ocean systems o f  
t h e  spar and t h e  sphere p la t fo rms  o f  400 MW capac i t y  and c r i t i c a l  f a c i l i t i e s  and 
equipment requi  red  f o r  t he  cons t ruc t  ion, deployment, and opera t  i on  o f  these p l  atforms 
were a l s o  considered i n  d e t a i l  and t h e i r  a v a i l a b i l i t y  was studied.  

The designs and cos t  est imates, 3nc.luding f a c i l i t i e s  and equipment requ i red  f o r  
the  two pl.atforms, were prepared f o r  t h e  base1 i ne s i t e  of '  "West Coast o f  F l o r  i da" 
as s p e c i f i e d  by t h e  DOE. However; t he  cos ts  as we1 1 as design modi f . icat ions requ i  red  
f o r  t he  o t h e r  two s i t e s  "New Orleans and Puer to  Rico" were a l s o  considered and a s i t e  
s e n s i t i v i t y  a n a l y s i s  was conducted f o r  bo th  p la t fo rms.  

3.2 Energy Park 

I t  i s  repor ted  i n  [6]  t h a t  OTEC should be viewed as a p o s s i b l e  candidate f o r  
massive baseload e l e c t r i c i t y  generat ion.  Reportedly, on the  bas is  o f  ERDA and DOE 
s tud ies ,  there  happens t o  be a v a i l a b l e  a thermal resource c a p a b i l i t y  o f  approximately 
300,000MW a t  about 190 m i les  o f f  t h e  \Jest Coast of F lo r ida .  The West Coast o f  
F l o r i d a  i s  the base1 ine  s i t e  t h a t  t he  MRES p r o j e c t  team was assigned f o r  t h e  
conceptual s tudies.  I t  i s  sa fe  t o  assume, there fore ,  t h a t  t he re  i s  t h a t  much 
e x p l o i t a b l e  thermal resource a t  the base l i ne  s i t e  and t h a t  t h i s  resource i s  o r  can 
be made availab1.e t o  users over  a wide cross s e c t i o n  o f  the  n a t i o n  from a renewable 
so 1 a r energy source. 

. Given t h e  30Q,0,00r?W thermal resource a v a i l a b l e  a t  : the  West Coast of F l o r i d a  
s i t e ,  one can form an idea o f  how many OTEC p la t fo rms  o r  Energy Parks may be p o s s i b l e  
t o  s t a t i o n  a t  t h i s  s i t e  on ly .  The idea o f  an'OTEC Energy Park c q n s i s t i n g  o f - a  
number o f  p la t fo rms  has been developed i n  the  f i . r s t  s tud ies .  The OTEC Park 
energy ou tpu t  capaci ty .  f o r  cons ide ra t i on  i n  t h a t  f i . r s t  phase o f  t h e  study was 
approximat ley 3000 MW, however, f o r  t h e  second phase o f  t h e  study, . the  n e t  ou tpu t  
s i z e  has been es tab l i shed  as 400 MW and the  OTEC Park s i z e  becomes, on the  bas is  
o f  8 p la t fo rms  t o  an OTEC Park, approximately 3200 MW ne t .  



Shown i n  Figure 10 i s  an i l l u s t r a t i o n  o f  a probable OTEC Park arrangement. 
The 8 platforms o f  400 MW capaci ty each would be spaced a t  a predetermined i n te r va l  
between them, establ ished on the basis o f  thermal r e c i r c u l a t i o n  considerations. 

I t was found desi.rable. t o  have accommodations on board each p la t fo rm so tha t  
any normal operat ion as we l l  as rou t ine  o r  emergency maintenance procedures can 
continue w i  thout depending on boats o r  he1 i.cop'ters i n  storm condi t ions o r  emergencies. 

The e l e c t r i c a l  power generated aboard' each OTEC plat form. would. be transmi t t e d  
t o  a cen t ra l  col  l e c t  ion p o i n t  b)l means o f  power condi t ion ing,  equipment .i.nstal led 
aboard the p la t fo rm and a r i s e r  cable connecting i t  t o  a s tandof f  buoy from which 
i t  i s  transmi t t e d  t o  a cen t ra l  c o l l e c t i o n  plat'form. The cen t ra l  co l  l e c t j o n  p la t fo rm 
would then have i t s  &n r i s e r  cab le .  leading t o  the bottom o f  the'ocean and a 
submarine cable leading from the deployme'nt s l t e  t o  the"centra1 d i s t r i b u t i o n  network 
a t  a shore based connect?on po in t .  

3.3 Conceptual Design Studies 

3.3.1 General 

The evo lu t ion  of arrangements f o r  the SPAR and SPHERE plat forms were 
devel.oped on the basis o f  .using 50 M& (net)  capaci t y  heat exchanger modules 
due t o  economy o f  scale. 

The p la t fo rm sizes t o  accommodate the heat exchangers, o ther  OTEC 
equipment, p la t form serv ice and support systems, and th'e crew were estab l  ished 
and formal ized a f t e r  several desi'gn i t e ra t i ons .  

3.3.2 fill Structure 

,In the beginning o f  the design cyc le  s tee l  and concrete.were considered 
as poss ib le  mater la.1~'  f o r  the , s t r u c t u r a l  h u l l .  Phase t studies and .othe.y 
sources [TI ind icated t ha t  f o r  t h e ' s i z e  p.1atfol.m under consi'deratlon, a concrete 
h u l l  would be s i g n i f  l c a n t l y  less .  expens.ive than s tee l .  althougfi q u i t e  heavier. 
The s tee l  p la tes  necessar.y fo r  the lower h u l l  would.,be extremely t h i c k  and 
present severe f ab r i ca t  ion and. welding problems. Steel i s  much more prone t o  

. e l e c t r o l y t i c  ac t i on  than concrete whi'ch has &xcel.lent long term proper t ies  t o  
. : : : . - . res is t  corrosion and f a i l u r e  from fat igue. A concrete 'of 7000 ps i  u l t imate  

compress.i.ue strength. and a densi ty o f  -150 pounds per cubic . foot was eventua l ly  
selected, f o r  the '  Spar ~ la t fo rm. .  ,For-, the.  Sphere, a lower u l  t imats compress i ve  
s t reng th  o f  5000: ps i . can: be used. .. ', : . .. 

. .  . . .  . . .  . . - .. . . . . . . . . . 

3 .3 .3  S t a b i l i t y  

The weights, moments and centers o f  h u l l  s t ruc tu re  and o f  other systems 
were kept under surve i l l ance  dur ing design i t e ra t i ons ,  and p la t fo rm s t a b i l i t y  
performance was investigated. 

For i n t a c t  s t a b i l i t y ,  the avai l .able GM was found t o  be s i g n i f i c a n t  dur ing 
a1 1 phases o f  construct ion,  deployment and. operat ion so t h a t  'precise c r i  te r i ' a  
need not. be appl ied a t  t h i s  time. . . 





I n  the case of  damage..stabil ity, i t  became evident t h a t . t o  a l low f o r  
subdiv is ion of the complete platform, o r  even a smaller por t ion,  would introduce 
s i g n i f i c a n t  s t r uc tu ra l ,  weight, and cost  probl.ems.. Further, due t o  the deep 

: s'ubmergence o f  the operati 'ng plat form, damage due t o  co l  1 i s  ion. could only ocur 
4 

through c o l l i s i o n  w i t h  the very la rges t  o i ' l  tankers (350,000tons Dm) o r  a 
submariine. I t  was f e l t  t ha t  adequate nav igat iona l  r e s t r i c t i o n s  should and would 
be imposed for  'the general. safe ty  o f  the 'OTEC park. such tha t  the j u s t  ment ioned 
c o l l i s i o n  poss ib i . l ' i t i es  could be el?iminated. Consequently. subdiv is ion of the 
main h u l l .  would 'not  be necessary. During const ruct ion the plat forms would be  
vulnerable t o  c o l l i s i o n  from large ships. Adequate navigat ion p ro tec t ion  
would have t o  be taken t o  insure tha t  t h i s .  does not occur. Penetrat ion 0.f the 
main h u l l  by .smal ler  c r a f t  such as tug's, supply boats, and work barges i s  
un l  i kely. 

I n  the case o f  the  surface p ie r c i ng  superstructure,. damage can occur from 
supply and t r an fe r  boats alongside even i f  adequate navigation'al r e s t r i c t i o n s  
a re  placed on other  ships. ' ~ o n s e ~ ~ e n t l y ,  as a minimum,' the::requirements f o r  
d r i l l  ships [8] have been imposed 'on the superstructure. 

. . . . ,  

3.3.4 Seawater System 
. . 

Major systems and components selected f o r  the seawater systems include: 

Warm Seawater Intake'  Screen ( s t a t i c  type) 
Warm and Cold Seawater Pumps (bulb type) 

. Seawater Gates and Valves' 
Amertap System . 
E l e c t r i c a l  Sys tem ( for  sea;aAter system on1 y)  
N i trogen. Purging . . System ( f o r  ammonia system) 

The conceptual designs o f  the seawater systems f o r ( ~ i ~ ~ .  11,12)for both 
p la t f o rm  conf igurat ions are derived from numerous design a l t e tna t i ves ,  o f f e r i ng  
hydrau l ic ,  space u t i l i z a t i o n  and power requirement advantages. Because o f  
the low heat exchanger pressure drops, care was taken t o  provide smooth f low 
t r ans i t i ons  and even f low d i s t r i b u t i o n  on the i n l e t s  t o  heat exchanger tube 
sheets. This prevents heat exchanger f low ma ld i s t r i bu t i on  which would ser ious ly  
degrade heat exchanger performance; hence, reduce p lan t  e f f i c i ency .  Therefore, 
the seawater system/component symmetry and r e l a t i v e  locat ions of  heat exchangers, 
pumps, intakes, discharges, elbows and valves required c r i t i c a l  eva luat ion and 
were arranged based on we l l  developed hydrau l i c  and heat t rans fe r  p r i n c i p l e s  
f o r  the maintenance o f  optimum system performance. Hydraul ic requirements 
fo r  the operat ion o f  a large, h igh flow, low head pump are considerably 
d i f f e r e n t  from t h a t  fo r  small, low flow, h igh head pumps. OTEC s i ze  pumps 
are an t i c i pa ted  t o  be very sens i t i ve  t~ the design of intakes and discharge 
condi t ions. 

3.3'.5 Seakeeping'and Pla t form Motions 
. . 

The seakeeping analysis o f  the plat forms was performed by using several 
d i f f e r e n t  analysis procedures invo lv ing  computer programs a l l  using the 
hydrodynamic added mass, damping c o e f f i c i e n t s  - ... and wave e x c i t i n g  forces determiaed 
by the MR&S team. 

'. A f t e r  a. survey o f ' a v a i l a b l e  procedures i t  was decided t o  employ Adee-Bai's 
[:9:'] computer program. Thi.s program has been developed based o'n Newrnanl.s 

.-slender body theory [ l o ] .  for  computing motions o f  spar buoy. platforms. 







For the SPAR hull, the regular wave motions at the platform center 
of gravity, as computed, are shown in Figure 13. The est.imated natural 

. f requenc i es of heavi ng and roll i ng mot ions are 0.1 13 and 0.19 rad/sec, The ' 
. . dip of the heave response in the.ne.ighborhood of the heave resonance is due 

main1 y t.o simi lar. behavior of the ,heave-exci t ing force. The, hump and hol low 
of the sway response near the.rol1 resonance frequency is attributed to the 
effect of the coupled motion . - ,  of . sway . . - . and . . . . roll . @tions. . .. . - . . . .  , . 
. .  . . . .  . . 

The results of irregular sea analyses are shown in Table ,ll. The' 
results marked "Earlier Coefficientsl'.were based on the first set of hydro- .' 

mechanical quantities which were. a1 tered later. The results indicate, on a 
relative basis, that the presence of.the CWP does not affect the vessel motions 
significantly, whlch Is reasonable, since the.mass of the pipe is. smal.1 
compared to- the mass of the platforms.,. and the. wave exciting forces on the pipe 
would have to be significantly reduced because of the submergence depth of the 
'pipe. . . . . 

- . .  
. Simi lar seakeeping analysis r&sults for the Sphereplatform are  shorn ' 

'in Figure 14 and Table 12, respectively, for regular and i rregular seas, . 
. . . . 

The results indicate that the Sphere motions are modest, but larger . 

than those for the Spar. 
. . .  , . . 

. The motions of the Spar and Sphere in a severe storm are in 
general less than those for surface vessels immoderate conditions, so that 
the platforms shouTd.be operable under all circumstances from human and . . 

platforh service systems standpoints. . 

3.3 .6  cold Water Pipe Analysis 

The cold water pipe (CWP) analyses covered the fol lowing range of. 
variables: 

. . 

o con f i gura t.i on -. , . . .  . . .  
o ' Materials . , .  

. . . o Buoyancy . . 

. . o Connection Stiffness ' 

. .  . o CWP Structural Cross ~ectioh.'. 
. . . . . . 

. " The stress analyses considered stresses due to deadweight, waves, 
' 

. current, internal flow, and platform motions., Resistance to buckling was 
. . 

also checked. . . 
. . . . . . 

. . 
The wave stress and platform motion stresses were determined using 

.the Paul 1 ing ' [l 1'1 and Hydronaut ics Computer Programs 1121 . 
'Many different configurations of CWP's were considered.. Tables 13 

and 1'4 give the full scendrio for the SPAR and SPHERE platforms respectively.. 





Surnmary'of M R t S  c a l c u l a t e d  r e s u l t s  f o r  the spar p l a t f o r m  w i t h  and w i thout  
CWP ( S i g n i f i c a n t  ~esponse)  

,S ign i f . i can t  \ ~ a v e ' ~ e i g h t ,  .H = 45.8 F t .  

. . 

r 
S i g n i f i c a n t  Wave Height ,  H = 5 8 . 1  ' F t .  . . 

~ a f !  i e r  Coeff .  

S i g n i f i c a n t  Wave Height,  H = 20.0 F t .  
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. Wall .Steel  

CUP. 

. . 
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1.59 

3.31 
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6.80 

1.66 

4.07 
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1-81 
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. . 

. ~ 0 1 1 - ~ e g .  
. ' !  
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.- 

No CWP 

3..7 

1.79 

. 3 - 3 2  

No CWP 

6'.95. 
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. . 

. .  . ' .. 7.58 
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Wal.1 Steel 

4.5" Double 
Wall Steel 

CWP 
. . 

' 1 0 . 2 6  . . 
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5.97 
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. CClP 
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. . 

Parameter 
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CUP 

10.28 
. . 

2.23: 

. . 7.35 
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. . 
. .  . .  

. . . . .  
. . . .  . , . . 

' . CWP . .  . 
. . . : .  . 

: CWP 

Saay-Fee t 

Ro 1 l'-Deg . 
Heave-Feet 

. . . .  . 

. . 
- . .  

1 . 8 5 '  . 

-5584 

7 1 8 4  

1.332 

.4912 

,5864 - 





TABLE 12 . 

Summary o f  MR&S c a l c u l a t e d  r e s u l t s  f o r  t he  sphere p l a t f o r m  wi t h  s i n g l e  
column an'd GRP CWP ( S i g n i f i c a n t  Mot ion)  " .  

. . . . S i g n i f i c a n t  Wave He igh t ,  ~ = ! t 5 .  F t .  Parameter, ' . 

U n i t s  

.. . . 
.;Sway - ' ~ t .  8.. 33 

Rol l .  - .Deg.' " .1.02 

( . .  
Heave - F t .  10.0 

. . 
S i g n i f i c a n t  Wave Height., H=58.1 F t .  

Parameter - 
U n i t s  

.. . 
. I 

Sway - F t .  

R o l l  - Deg. 

Heave - F t .  

Parameter 
U n i t s  

Swajl - F t  .. 

R o l l -  - Deg. 

Heave - F t .  

S , i g n i f i c a n t  Wave He igh t ,  H=20.0 ' ~ t .  



TABLE 13 CWP CASES CONS I DERED 
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The materi.als considered i n  the CWP studies a re  shown i n  the tables.  
I t  can be seen t ha t  aluminum has been dropped from considerat ion, p r i m a r i l y  
due Fts h igher cost, poorer p roper t ies  i n  s a l t  water, l i m i t e d  a v a i l a b i l i t y  
and more e1evated.and con t ro l l ed  const ruct ion requirements. 

The str?ess ana1ys.e~ consisted of: separately determining the deadweight, 
wave, .cutFent, i n t e ~ n a l  f l ow and p la t fo rm motion induced stresses i n  the CWP; 
adding these stresses.,and comparing t o  allowab.le stresses; and checking p ipe 
desi'gn aga inst  implos ton and column buck1 ing requi  rements. 

The results o f  the stresq a n a l y w s  a r e  summarizod i n  Table€ 15 and 16 
for the SPAR and SPHERE platforms respect ive ly .  I t  should be noted tha t  
the ca lcu la t ions  represent r e s u l t s  f o r  several design s p i r a l  i t e r a t i o n s  where 
s l i g h t  mod i f i ca t ions  were made t o  the  main h u l l .  The resu l t s  shown i n  these 
two tabu la t ions  a re  o n l y  p a r t i a l .  Complete r e s u l t s  are  contained i n  Volume 
I I report .  

The r e s u l t s  a re  a l l  f o r  the 58.1 ft. s ign i f i . can t  wave he ight  a t  New 
OrleAns unless otherwise noted. 

I n  consider ing the poss ib le  maximum motion. and wave induced stresses, 
i t  should be noted t h a t  the "maximum expected" value of any phys ica l  quan t i t y  
i s  usua l l y  two o r  three times t ha t  o f  the corresponding s i g n i f i c a n t  value 
f o r  a l i n e a r  system. I t  i s  known, however, t ha t  the non- l inear response of 
ships i n  severe seas i s  usua l l y  smal ler  than the corresponding l i n e a r  response. 
Consequently, i t  i s  f e l t  t ha t  the average 1/106 highest  value should be a 
conservat ive maximum. This value i s  5.26 RMS as shown i n  Tables 15 and 16. 

I t should be noted t h a t  i n  the MR&S computat ions the Sphere pi'pe stresses 
a re  genera l ly  l a rge r  than the Spar stresses, as was expected s ince the Sphere 
mot.ions were greater; . 

To gain some i ns i gh t  i n t o  the observed decreased stresses of both 
t h i nne r  and t h i c k e r  GRP CWP's, F igure 15 was p l o t t e d  f o r  the Sphere platform. 
I t  shows the na tu ra l  frequencies o f  the CWP's i n  the range of  s i g n i f i c a n t  
wave energy. Figure 16 shows a s i m i l a r  p l o t  f o r  s tee l  CWP1s. 

Figure 17 shows the basic manufacturing deta i  1s of the Spar p l a t f o rm  
co ld  waLer plpe. 



Table  15 Results  o f  ElP.&S Comput.er Analyses . . 

For Spar P la t for !n  



TABLE. 1 6  Results of MR&S Sphere CUP Stress Computer Run 
L . . 
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3.3.7 Stat ion Keeping 

Drag calculations were performed to  consider the net drag o f  wind and 
current acting i n  the, same di rect ion on the platform. Drag calculations are 
f o r  s t a t i c  conditions; the dynamic loadings on the mooring system are considered 
i n  the- factors o f  safety used. 

' Twoconditionswere examined. One i s a  normal condition which considers 
- tfre norml. cument-sp&-h-the 'DOE-Xitt environmental package and the mx- 

imwn extreme wind speed obsecved over the period of record. The drag calcula- 
t ions were performed for three s i tes and the results are su~marizad in Tabla 
17 fo r  the Spar platform. The results of the Sphere platform are tabulated 
below: - - ,  , d - _  , .  - . . . -  

, . :  
Wrma1 Conditi*' " " " " ' Extreme Condition 

Wind Current Total Wind .. Current Total 
Speed "Speed Drag Speed Speed. Resistance 

t t  was evident early i n  the investigation that the thruster type position- 
ing systems would be unreal ist ic i n  power consumption, size, and cost. Mooring 
systems were the alternative.. Thass divided in to  two categories which could 
possibly handle the job. they were the multi- leg (8, 10, or 12 leg) mooring 
system and the 3-leg trol low cyl  indrical 1 ink (HCL) chain - . . system described i n  
[I31 - a  

Site K T '  K T '  lb. K T .  . ,  1 b.. 

The HCL system was judged t o  be the only one which c w l d  reasanably be 
expected t o  handle the extreme drag conctitions-St the basel ine s i t e  (West Coast 
of FT or  ida). The v i  abI 1 i t y  of the system was confirmed by computer malyscs. 

3.3-8. Platform Service and Support Systems 
, I ,  

Puerto Rico 

New Orleans 

West Coast 
o f  Florida . 

; Conceptual designs were developed for the marine and electr ical  
engineering systems required to: provide the platform services for the platforms. 
Included are those services; required fo r  sustaining l i f e  support and recreational 
functions. and fo r  equipment operational services. These are: the services 
nonsalty required f o r  any sea-going vessel as well as services peculiar ta the 
specific OTEC platform. 

1.2.1 851,200 . 92.8 2-73 3,035,200 

1.17 .1', 120400 

I 

, -  52 . 113.8 5.0 
. . 

' 

7,666,115 
.- . e-.* 



~ a b l e ' l j ' c u r r e n t  Cond i t i ons  a t  S i t e s  

- -- 

Coa'st F l a .  

z r t o  Rico 

. 

d Orleans 

. . .. . , 

. . . . te:. . : A l l  d rag  numbers .a re  i n  long~ tons '~ (met r i c .  t ons ) .  . . . . 
. . 

. . 

v S - 
2 5 
KT s 

5.0 
KT s 

1 . 2.1 
KT s 

. 

'2.76. ' 

KT s 

. . . . . 
C o n d i t i o n s . .  

Norma 1 * 

Extreme 

Norma 1 

. 

. 
Extreme 

. . . . . . . 
. . . : . C u r r e n t  ' 

578.8 
(588.1) 

2315.5 
(2352.5) 

279 .'O 
(233.5) 

595 2 ' . 

. . (601.7) ' 

. . 

258.2 
(262 i3 )  

451,7 
(lt58.9) 

. 1 . I 7  
' KTs '  '- 

2.49 
KT s 

D r a g .  

. Normal 

Ex t reme 
. . 

1 

- \.J-i nd 

45.3 . 
(46.0) 

. 181 - 1  
(184.0) 

. . 45.3 
. . (46.0) 

131.1 
(184.0) 

. . . . .  

45.3 
' , 6 

. . 

. . 

181.1 
. ' ( 184,. 0) 

- T o t a l  

624.1 
. (634.1) 

. 2436.6 
(2536.5) 

. 324.3 . 

(329.5) 

. .  773.3 
(755 7). 

. . . .. 

. . 303.5 , 

. (308.3) 
. . 

632.8 
(632.9) 

. . 



Equipment and p i p i n g  designs a re  i n  conformance w i t h  the app l i cab le  
sect ions o f  ABS, USCG, USPH and EPA regu la t ions regarding safety,  mater ia ls ,  
workmanship and environmental considerat ions. A l l  systems are designed t o  
accomplish the intended serv ice.  

The f o l l ow ing  systems a re  the major marine engineering systems required 
t o  prov ide p la t fo rm services.  

Hypochlor inat ion.  I n j e c t i o n  System 
F i r e  Ext ingu ish ing and Detect ion System. 
B i lge ,  Bal1ast;and S t r i pp ing  System 
Sea: Water Servixe. System 
OTEC Uni ts  Flooding and ~ e w 6 t e r i n ~  System. 
Compressed A i  r System:: 
Fresh Water System;: 
S e a  Water Sani tary System. 
Drain Co l l ec t i ng  System 
Meatinq, Ven t i l a t inq ,  and A i r  Condi t ioning System 
Diesel O i l  System:. 
Lubr i ca t ing  O i l  Systcm 

The p la t f o rm  serv ice e l e c t r i c a l  system was developed t o  s a t i s f y  the 
OTEC p la t f o rm ' s  operat iona l  needs and the requirements o f  regu la tory  bodies 
as i t  was an t i c i pa ted  t ha t  such requirements would apply t o  the OTEC plat form. 

An e l e c t r i c a l  load analys is  and one- l ine diagram were prepared t o  - 
determine generator capac i ty  and sizes o f  associated equipment and t o  show 
conceptual e l e c t r i c a l  system con f igu ra t ion .  The load analys is  i s  shown 
i n  Table 18. 

P la t fo rm serv ice power w i l l  normally be provided by a 4006 KW tranformer 
and bus-t i e  cab le  system energized from the main OTEC generating p lan t .  Stand- 
by power w i l l  be provided by two 2100 KW d iese l  generator sets and assoii:ated , 
swi tchgear. 

An emergency power p lan t ,  cons is t ing  o f  a s i ng le  1000 KW d iese l  generator 
se t  and associated swi tchgear would be provi-ded i n  compl iance w i t h  regu la tory  
requirements. The emergency p l a n t  would be s ized t o  energize emergency l i g h t -  
ing, r ad io  and i n t e r i o r  communications, f i r e f i g h t i n g ,  con t ro l  and personnel 
evacuation 'loads ( i nc l ud ing  a1 1 e levators) .  

The support systems, as discussed i n  Volume I and i n  [51., are those 
i n s t a l l a t i o n s  which ass i s t .  i n  the operat ion and maintenance o f  the platform. 
They cons is t  mainly o f :  

1. L i f t i n g  Devices and Deck Gear 
2.. Boat Hand1 ing 
3. He l i cop te r  Handling . . 

k. Replenishment Operations 
The i n i t i a l  considerat ion f o r  an operat ional  scenario was t ha t ,  during. 

normal operation, each p la t form i n  the OTEC energy park, would.have a crew o f  
twenty peop le /sh i f t  i n  a " lun~hbox ' ,~  type operat ion where they would- be ferr ied 
over from a cen t ra l  ho te l  f a c i l i t y  f o r  t h e i r  12 hour s h i f t  each day. These 
people would be responsible f o r  the fo l low ing  dut ies :  
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o Control Crew 
- OTEC power cyc l e  moni tor ing 
- Power cyc l e  data transmission 
- Admin is t ra t i ve  du t ies  

o  Ma intenance & Operat ions 'Crew 
- Routine maintenance & adjustment t o  the OTEC power 

cycle,. a u x i l i a r i e s ,  and p la t fo rm equipment 
- Loca 1 repa i.rs (on sma 1 1 sca 1  e) 
- Deck operat ions,  suppl ies,  boat' & he l i cop te r  handl ing 

Crew shoreside r o t a t i o n  would fo l low:estab l ' i~shed o f f shore  indust ry  pract ices.  
A proposed crew organizat ion char t  i s  shown i n  Figure 18. 

Maintenance, taken t o  mean major repai . r  o r  overhaul operat ions ra ther  
than rou t i ne  prevent ive act ions,  genera l ly  i s  seen t o  requ i re  a  crew o f  
s p e c i a l i s t s  t o  augment the regular  p la t fo rm crew. Major component removal 
routes f o r  the Spar p la t form a r e  r t ~ i r w ~ i ,  as a sample, i n  Figure 19. 

. . .  . . . . . . . . . . . . . . . . . . . 

3 . 4 .  ~ ~ ~ ~ s t ~ u c t ~ o r i ' a r i d ' D e p 1 o y m e r i t ' o f ' P 1 a t f o r m s  
-- .- . 

The enormous s i z e  and displacement o f  the 400 MWe Commercial OTEC p la t forms 
d i c t a t e  t ha t  the bases f o r  the main h u l l s  be . fabr i ca ted  on land and the h u l l s  of 
the p la t forms constructed a t  an o f f shore  s i t e  w i t h  completion and p ipe i n s t a l l a t i o n  
a t  the f i n a l  s i t e .  However, major components such as the sphere superstructure 
o r  spar deck house and co ld  water p ipe sect ions a re  t o  be constructed i n  shore. 
f a c i l i t i e s .  This scenar io w i l l . r e d u c e  const ruct ion time, and minimize costs and 
r i s k  of  s t r u c t u r a l  f a i l u r e .  The fi'berg,lass co ld  water p ipe i n  p a r t i c u l a r  must 
be constructed i n  a  f a c i l i t y . w h i c h  permits h igh q u a l i t y  con t ro l .  A summary o f  
the cons t ruc t ion  and deployment. scenarios f o r  the Spar and Sphere is'shown i n  
'fable 19. 

The two plat forms have much i n  common w i t h  regard t o  the f a c i l i t i e s  and equip- 
ment required t o  const ruct  and deploy them: '   ow ever, d i f fe rences  i n  design nec- 
essi . tate some d i f ferences i n  equipment and procedure. 

The base o f  the p l a t f o rm  i s  constructed onshore ' to  b u i l d  as much o f ' t h e  p l a t -  
form as poss ib le  t o  produce a safe s t r uc tu re  from which const ruct ion i s  continued 
a t  sea, wh i l e  a t  the same t ime keeping the launch d r a f t  t o  a  minimum. Both 
p la t forms have a launch d r a f t  o f  46 f ee t  so some dredging w i  1 1  be required. 

I t  i s  assumed tha t  the const ruct ion a ree .w l l 1  be s k l f  support ing w i t h  respect 
t o  e rec t i ng  the concrete h u l l  and a l l . c o n c r e t e  components. The const ruct ion s i t e  
should thus be suppl ied w i t h  bul l t i .materials by e i t h e r  road,. r a i  1 o r  barge. Due t o  
the  la rge  quan t i t i e s  of cement and sand needed f o r  the p ro jec t ,  i t  i s  assumed tha t  
much o'f i t wou 1 d  be de 1  i vered by barge. 

. . 
,... . - .  

The most promising const ruct ion s i t e s  appear t o  be i n  the F lo r i da  Panhandle 
as shown by the arrows i n  Fi'gure 20. Th is  s i t e ' o f f e r s  the p a r t i c u l a r  advantages 
l i s t e d  below. 

o  Close prox imi ty  t o  indust ry  and t ranspor ta t ion.  
o  Pro tec t ion  by the M iss iss ipp i  Del ta from loop currents.  
o  P r o x i  m i  t y  t o  DeSoto Canyon, (Ease o f  dep 1 oymen t) . 
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TABLE 19 

SUMMARY OF CONSTRUCTION/DEPLOYMENT PHASES 

PART A - OTEC SPAR 

PHASE I The const ruct ion o f  the lowest sect ion o f  the Spar, ca l l ed  
the "grapef ru i t "  i s  begun a t  a land s i t e .  Th is  sec t i on : i s  
towed out  t o  the intermediate s i t e .  

PHASE I I The p la t fo rm i s  completed t o  the  440 ft. l eve l  a t  an in -  
termediate s i t e  i n  r e l a t i v e l y  shal low water. 

PHASE I I I The p a r t i a l l y  completed p la t fo rm i s  towed t o  the operat ional  
s i t e  f o r  attachment o f  the CWP, the mooring system,completion 
o f  the plat form, and startup.  

PART B - OTEC SPHERE 

PHASE I During t h i s  Phase the  lower po r t i on  o f  the concrete h u l l  i s  
constructed on shore and i s  launched. 

PHASE II The lower portDon o f  the h u l l  i s  towed t o  an o f fshore  s i t e ,  
having a s u f f i c i e n t  depth o f  water, and i s  moored. The re- 
mainder o f  the h u l l  i s  completed and a l l  seawater, power and 
a u x i l i a r y  systems are i n s t a l l e d  w i t h  the exception o f  the  co ld  
water p ipe  and the superstructure. 

PHASE I l l  During t h i s  Phase the completed h u l l  i s  towed t o  i t s  operat ing 
s i t e  and permanently moored. The co ld  water p ipe i s  i ns ta l l ed .  

PHASE I V  The superstructure i s  erected, and the  support and power 
transmission systems are i ns ta l l ed .  The p l a n t  i s  star ted.  





o Prox imi ty  t o  OTEC park s i t e s  a t  New Orleans, t o  base l ine s i t e  of 
West Coast o f  F l o r i da  and t o  Puecto Rico. s i t e .  

o Po ten t ia l  t o  use loop cur rent  ( ~ ~ 1 . f  o f  ~ e x i c o )  t o  a s s i s t  i n  deployment. 

Whether i t  i s  pre ferab le  t o  const ruct  an a r t i f i c i a l  o f f shore  i s land  o r  dredge 
a channel from the shore w i l l  depend on the  resu l t s  o f  a de ta i l ed  study of the 
environmental impact, e f f e c t  on loca l  residents, cost  and o ther  considerat ions. 

The o f f shore  const ruct ion s i t e  f o r  the main. h u l l  w i thout  the p ipe w i  1 1  be 
temporari l y  located as c lose to. shore as. poss ib le  to. minimize t ranspor ta t ion  costs 
o f  mater ia l  and const ruct ion crew.. Barges wi 1 1  be required f o r  transportat i :on of  
mater ia l  and t o  provi.de a working p la t fo rm .around the h u l l .  A temporary s i ng le  
po in t  mooring sytem w i  1 1  be req'ui:red t o  p o s i t i o n  the plat form. 

The HCL l i n k s  o f  the mooring systems f o r  both p la t forms a re  enormous. A 
shsreside s tee l  f a b r i c a t i o n  f a c i l i t y  w i l l  be required t o  produce these l i nks .  

. . . . 

S im i l a r l y ,  a concrete const ruct ion f a c i l i t y  w.ith equipment for  producing 
f l o a t i n g  concrete s t ruc tures i s  required t o  produce the three f r e e - f a l l  dea'd- 
we tght.;anchors. 

Several la rge pieces o f  const ruct ion equipment are  an t i c i pa ted  t o  be requ i red 
by both the spar and sphere const ruct ion scenarios a t  t h e i r  shal low and deep-water 
const ruct ion s i t es .  

Figures 21 and 22 s.how. the l a s t  phases o f  const ruct ion sequences fo r  the 
Spar and Sphere platforms. 

i 

3.5 Cost Estimates and Time Schedules 

3.5.1 Cost Estimates 
. . 

The bas ic ,gu ide l ines  used i n  developing the cost  est imates are, 
b r i . e f l y :  

o The OTEC Park cons is ts  o f  e i g h t  400 MWe (net)  platforms. . . 
u Cost estimates arc  t o  be developed i n  compliance w i t h  the "Work 

Breakdown Structure" (\JBs) suppl ied by the DOE. 

o ~ s t i h a t e s  a re  t o  include a l l  acquisi.ti.on,deployment, and 
operat ing costs as we1 1 as s i  t e  preparati.on *.a.st:s fo r  con- 
s t r u c t i o n  f a c i  1 i tes. 

o , OTEC Park base1T'i ne 9"i'te " i s  West Coast, F lo r ida .  

The costs .:for: acqt.i:i..s i I: i o i ~ ,  dep.l.oyment ~.jndr.operat~C?n sf  ' t he  :inB.i;v i doa 1 . . .. 
p la t forms and the OTEC Park were. generated by M'RES. 

The .cos.t estimates fo l lowed the:.standa~dized WBS f o r  the OTEC p lants .  
Speci . f ic  \JBS i.tems: given. below were considered: 







..Plat form Sys tern 
Cold Water Pipe System 
Sys tern Engiheeri  ng and I n teg ra t i on  
System Test and  valuation 
~ e p  1 oymen t Systems and Se r v  i ces 
I n d u s t r i a l  Faci 1 i t i e s  
Environmental, Legal, Licensing, Regulatory, and Insurance 
P r o j  ec t Management 

Power systems costs, l tern 3.0 o f  the WBS, .ace not  addressed by the p la t fo rm 
cont ractors ,  nor a re  the energy t r ans fe r  systems costs. However,, the cost  o f  
i n s t a l l i n g  the power sytems equipment on the p la t fo rm are included i n  MRGS cost  
estimates. 

S im i l a r l y ,  for the energy. t r ans fe r  systems, the i n s t a l  l a t i o n  o f  the e l e c t r i c a l  
t ransmissio l i  system 1nterraSct?, i . e .  the power cond i t i on ing  equipment, .on;: thfi 
h u l l ,  i s  included. 

De ta i led  cost  est imates a re  prepaped fa r  ma.Jorr;: systerris arid any o ther  ! 'cost .  
dr ivers" ,  i.e. items which make up 10% o r  more o f  the acqu i s i t i on  costs. 

The costs fo r  a19 o ther  items i n  the WBS are  based on parametric estimates. 
The parameters used are costs per weight o f  material,  un i t length, \number o f  years 
serv ice,  etc.  

Cost es t imat ing e f f o r t s  e s s e n t i a l l y  consisted o f  determining the: 

o  Acqu is i t i on  cost  of. p l a t f o rm  
o Construct ion f a c i l i t i e s  cost  
o  ~ep loymeht  costs 
o  Design, in tegra t ion ,  and t e s t i n g  costs 
o  ~ o s ' t  of i'ndus t~ i a 1 ..'fa.c i 1 i. t i.es I 
o Cost o f  special  t e s t  f a c i l i t i e s  

- The summation..of the above s i x  cost  categor ies resu l ted  i n  a  t o t a l  acqu i s i t i on  
cost  f o r  the f i r s t  p lat form. ' I t  included, a's such, the recur r ing  as we l l  as non.; 
.eecurr ing costs, regardless o f  the number o f  p la t forms t o  be bu i  1 t. For the second . 

p la t form,  however, the non-recurr ing costs were deducted from the f i r s t  p la t form 
cost  and/or a  percentage o f  the non-recurr ing costs were l e f t  i n  the t o t a l  cost  as 

. required. Table 20 presents a l i s t i n g  o f  non-recurri.ng costs. 

Tables 21 an.d 22 summarize' a1 1 costs and repor t  the resu l t s  o f  1 i f e  cyc le  
est imates as we11 as. un i . t  costs f o r  the Spar and Sphere p la t form,  respect ive ly .  

... - .. . . . . .  . . . . . . . . . . . . . .  . I . . . .  . .  . . . . . , , _: . - . . .  . . . -  . - . - .  . . . . . . . . . . . . . . . . . . . . . . . . . .  - . . .  . .  - 
As po in ted out, the costs reported i n  Tables 21 and 22 a re  f o r  the base l ine 

s i t e  a t  West Coast o f  F lo r ida . (~ampa) .  However, .many cost. items a re  q u i t e  
s e n s i t i v e  t o  changing condi t ions a t  the deployment s i tes .  Table 23 summarizes the 

cost  d i f f e r e n t i a l s  a.t variuus s i tes .  . . 



Tab le  20 
- ~- 

CONSOLIDATION 
PLUG 
DREDG l NG 
EXCAVATING 
SHEET PI LING 
CARRIAGE, RA l LS 
CWP INTEGRATION 

NON-RECURR I NG. COSTS 

PRELIMINARY D E S I G N  
CONTRACT DESIGN - . - - - - - - - - - - -  
DETAIL DESIGN - - _ - - _ _ _ _ _ _ _ _ _  - - - - - - - - - " - - 5 , 3 2 J - - -  

5.1 SYSTEM DESIGN & ANALYS l S 20,000 - - -----  20,000 
5.2 SYSTEM INTEGRATION - --------- 
6.1 TEST PLANNING- - - - 500 
7.5 PERSONNEL (PAR?)- 
9.0 INDUSTRIAL FACILI?ITS------ - - -------  

.6.2..SPEC IAL .TE.ST FAC I .L IT I  ES 
. . . . . . . . . . - - ------  1,000 1,000 

SPAR 
($000). 

TOTALS 46,050 53,759 

1.1 PLATFORM INTEGRATION ENGINEERING 1,013 
1.6 ASSEMBLY SUPPORT SYSTEMS 

888 
1,776---:-- 

1,013 
2,026 

-75,080 



I Plotes 
- 

4 3 '  111 A l  l c o j t s  a r e  in terms o f  '1978 do1 l a r s  without escilation. 
I - - 

[2] Operating c o s t s  a r s  f o r  40 year p l a t f o r m  1 i f e .  

[31 I ilcl uilss central' wcom. plat form, 

TABLE 21 : . 

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



. . . . . . . , . , . . . . 

. . .  Cost . . . 

From Reference 

' f r * i josmi  ss Ton S y s t  
Hot i n c l  ~ ~ ' d e d  ' i n  e s t  irna t e  

-.I.--- 

. . TABLE 22: 
: I E!:i ;:es . . -.-- 

[ I ! .  A ]  1 c o s t . ~  a r e  i n  terms o f  1376 'do1 l a r s  :vi!:hout escalation. w .  
COST .SUMMARY FOR A 3 2 0 0 M W e  

I .  cpel -at i f ig  c o s t s  a r e  For 40 ye6i- plat form 1 { f e .  .OTEC Energy Park., 
(8 "SPHERE" Platforms). 

i3: Incl t~des  cen LI-Z! scconi. piatfo1-:11. . . . ' 



P a r t  A:  Costs 

. . .  

. . 
. . . . .. 9 . . 

P a r t  B: S i t e  C h a r a c t e r i s t i c s  

Tampa, F l o r i d a  New Orleans, LA. Punta Tuna. P.R.  

sf t e  t o  ~ h b r e  Oper. 
Sta. (N.M.) 

Site t o  Shore Constr  
Fac. (N.M..). 

l tern Sphere Spar Sphere I Spar 

Tampa, F la .  = Uni fv l  New Orleans. l a .  ' P i ~ n t a  T ~ l n a  P.K .  
. 0 . 9 0  1 . , 0.98 ,1.04 1.04 

: .  . _ . . . . . . . . 

Sphere 

Moor ing 

C o l d  Water P ipe  

P l a t f o r m  S t r u c t u r e  

Deployment 

?ower Transmiss ion 
-- 

. . 
, . . . 

Tab 1 e 23 OTEC COMMERC I AL ,PLANT (400 MW) 
. , S ITE  COST DlFFEREMTlALS ($000) 

. . 

. . . . 

Spar 

% o f  Tampa S i t e  

'$22,492.  

103,737 

171,696 

3,325 

20,055 

1 

$ 75,957 $30,076 

115,903 

281,557 

88 88 1 
321,305 

$ 75,957 $ 2LM9 $26,523 

103,737 

163,885 

Tot01 s 

100 83 

112,903 - 103,737 -198,794 

10,7112 

496,439 

100 

281,557 

4,082 

19,000 

10,727 

110 

163,885 298,450- 

4,076 3,330 

19,000 20,055 

..36G,G55 

633 

433.91 1 547,703 

633 

305,505 



3.5.2 Ti'me Schedules 

.A careful  ana lys is  o f  the operations, processes, and labor  requirements 
involved i n  p'1atform.-cons.truct ion revealed t ha t  f o r  the f i r s t  SPAR p l a t f o rm  
the t ime periods f o r  various phases could be: 

F i  r s t .  phase: 6 months 
Second Phase: 18 month's 
Th i r d  Phase: 12 months 

A<:detailed ana lys is  o f  the spar p l a t f o rm  const ruct ion process i s  made i n  
: a~ .q i v .~ng  a t  the requ.ired t ime periods. The. t o t a l  .est imated const ruct ion time 
i s  953' days. A1 lowing f o r  e f f ec t s  .o f  bad weather, the spar const ruct ion per iod  
i s  assumed t o  be 3 years. 

Figure"23 shows a t ime schedule cover i .ng. the SPAR const ruct ion process 
f ;om t h k  deve.l.opmen t o f  top. .. l.evel requ i rement's t o  the s t a r t  o f  const ruct  ion on 
th.e f f r s t  three platforms. 

Figure 24 i s  a cont inuat ion o f  the t ime schedule coveri.ng the per iods f o r  
construct  ion, o u t f i t t i n g ,  deployment an.d t e s t i n g  o f  a1 1 e.ight 'platforms. 

The const ruct ion scenario f o r  the SPHERE e s s e n t i a l l y  fo l lows the same 
sequence as the one- f o r  SPAR. 

An analys is  o f  the const ruct ion process tak ing  i n t o  account the added 
complexity o f  the forms required as w e l l  as the considerat ions mentioned above, 
leads us t o  be1 ieye t ha t  the construct  ion o f  the SPHERE may take anywhere from 
20% t o  40% longer t ime than t h a t  requ i red f o r  the SPAR. 

3.6 S i t e  S e n s i t i v i t y  

There a re  several major areas which are sens i t i ve  t o  s i t e  cha rac te r i s t i c s :  

o Mooring 1 
o Cold Water Pipe 
o Thermal Resource 
o Rep 1 en s hllter~ t and C r e w  Accommoda t ions 
o, P la t form St ruc tu re  
o Deployment 
o Power Transmission 

Two ef fec ts  on the s i t e  due t o  the presence o f  the OTEC p la t forms were considered: 
the per tu rba t ion  o f  the thermal resource and the e f f e c t s  on the loca l  sea surface 
and waves o f  removing large quan t i  t i e s  o f  water nearby. 

A compari'son. o f  the s i t e  cha rac te r i s t i c s  a f f e c t i n g  various OTEC funct ions and 
sys:te.ms i s  comp i 1 ed and presented i n  Tab 1 e 24.. 
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SECTION 4.0 

PROJECT PLAN FOR OTEC DEMONSTRAT l ON UN l T 

Background 

. I n  the course o f  the OTEC systems 'development, the power p l a n t  s i ze  has been 
increasing by steps. The f i r s t  two p la t forms are t e s t  p lat forms o f  1 MWe and 5 
MWe outp'ut.  The t e s t  p la t forms a re  fol lowed by a p i l o t  p l an t  o f  10 t o  20 MWe out-  
put. The l a s t  ,platform s i ze  considered i n  the OTEC system development program i s  
the 400 MWe commercial p lan t .  The demonstration p l an t  i s  intended t o  f i l l  the gap 
between p i l o t  p l an t  and commercial p l an t  development. 

The responses received from u t i l i t y  companies suggested t ha t  the demonstration 
p l an t  s i ze  should. be no smal ler  than 10 M\Je, and f u r t h e r  . that i t  would be des i rab le  
t o  have a demonstration p l an t  equipped w i t h  commercial s i ze  modules w i t h  adequate 
redundancy so t ha t  a meaningful power system eva luat ion could be conducted. The 
re1 i a b i  1 i t y  and economics o f  an OTEC power system must be demonstrated .to, gain 
acceptance by as we l l  as support f r omthe  u t i l i t y  industry. .  

I 

The i n te rna l  arrangement o f  ' the spar and sphere .p la t form must a l so  be considered 
s ince the i n te rna l  we l l  o r  t r u n k ' i n  these plat forms. forces the se lec t ion  o f  m u l t i p l e  
power modules symmetrical ly arranged about the center l ine.  100 MWe was chosen f o r  . 

the p l an t  s i z e  s ince two 50 MWe modules could be i n s t a l l e d  which would permi t . . tes t ing  
of  equipment recommended f o r  use on the commercial p lan t .  

4.2 Demonstration P la t form 

Since the h u l l  s i ze  i s  subs tan t i a l l y  smaller than the pro jec ted commercial p l a n t  
s ize,  the poss ib i  1 i t y  of  const ruct ing the vessel o f  s t ee l  was considered. However, 
i t  i s  already determined t ha t  the f u l l  s ize.  h u l l  s h a l l  be constructed p r i n c i p a l  l y  
o f  re in fo rced  concrete and thus, t o  f u l l y  demonstrate the f e a s i b i l i t y  o f  both 
construct  ion technique and opera-t ion, concrete was chosen f o r  the demonstration p l a n t  
as we1 1. 

The const ruct ion o f  la rge concrete s t ruc tu res  f o r  o f f shore  use i s  o f  course no t  
new and the technology f o r  'forming massive s t ruc tu res  on land and moving them to.  sea 
f o r  complet ton has become a lmost' commonp 1 ace f o r  the construct  ion of  1 arge offshore 
plat forms f o r  the North,. Sea. The app1ication:of t h i s  technology t o  const ruct  a 
demonstration OTEC p lan t  thus considered fundamental, o f f e r i n g  no new thresholds 
o f  exper t  i se except perhaps i n  the forming o f  the Sphere's comp'ound curvature h u l l .  

a. Sphere P la t form 

The general layout o f  the Sphere OTEC demon'stration p l an t  i s  shown i n  Figure 
25.. The vessel i s  semi-spherical i n  shape w i t h  the e n t i r e  main hu.11 submerged 
i.n the operat ional  condi t ion.  A c y l i n d r i c a l  supe.rstructure extends 75 ft. above 
the ocean surface t o  provide s t a b i l i t y  t o  the u n i t  and t o  house' the accommodation 
areas and t e s t  and data c o l l e c t i n g  f a c . i l i t i e s .  

The proposed method o f  h u l l  construct  ion assumes, as p rev ious ly  suggested, 
t ha t  the vessel w i l l  be constructed i n  three separats stages a t  three d i f f e r e n t  

. s i tes .  
. . 
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Inboard View of Demonstration Platform - 230'  ~ i a m c t e r  Sphere I 



Phase 1 w i l l  be performed a t  the onshore s i t e  t o  the po in t  of completion 
where the h u l l  can be sa fe ly  f l oa ted  out  t o  . the .Phase 1 1  o f f shore  const ruct ion 
s i t e ,  and w i t h  s u f f i c i e n t  freeboard f o r  Phase 1 1  construct ion.  

Phase 11  w i l l  be ca r r i ed  out a t  an o f f shore  s i t e ,  such as 25 nau t i ca l  mi les  
o f f  the mouth o f  Pensacola Bay i n  about 150 ft. o f  water, where the remaining 
h u l l  s t r uc tu re  and a1 1 o u t f i t  w i  1 1 be completed except f o r  the superst ructu're 
and the co ld  water pipe. 

Phase 1 1 1  . w i l l  take place a t  the operat iona l  s i t e  where the co ld  water p ipe  
w i l l  be i ns ta l l ed ,  the permanent mooring system placed, the supers t ruc ture  
constructed and o u t f i t t e d ,  and the e l e c t r i c a l  transmission l i n e  l a i d  t o  shore. 

b. Spar P la t form 

The general layout o f  the Spar OTEC demonstration p l a n t  i s  shown i n  Figure 
26. The vessel i s  c y l i n d r i c a l  i n  shape w i t h  the e n t i r e  main h u l l  submerged 
i n  the ope.rationa1 condi t ion.  A c y l i n d r i c a l  superstructure extends 75 ft. above 
the ocean surface t o  prov ide s t a b i l i t y  t o  the u n i t  and t o  house the accommodation 
areas an.d t e s t  and data c o l l e c t i n g  f a c i , l i t i e s .  The superstructure i s  made of 
concrete w i t h  a s t ee l  deckhouse s t ruc ture .  

Construct ion of the hu l l '  and i n s t a l l a t i o n  o f  a l l  equipment i s  proposed t o  
take place i n  three separate phases a t  three d i f f e r e n t  sr tes.  

Phase 1 sha l l  be performed a t  the onshore s i t e  t o  the po in t  of completion 
where the h u l l  can be sa fe l y  f l oa ted  out  t o  the o f f shore  s i t e .  

Phase 1 1  sha l l  be ca r r i ed  ou t  a t  the immediate o f fshore s i t e  where the 
p la t form w i  1 1  be ' e n t i r e l y  constructed t o  deck l eve l  410 requi ri,rig a t  l eas t  
150 f ee t  o f  water depth. 

Phase 111 sha l l  take place a t  the operat iona l  s i t e  where the mooring system 
.and CWP w i l l  f i r s t  be connected and the remainder of the p l a t f o rm  constructed. 

4.3 I nte,grat ion and Depl-oyment 

4.3.1 Cold Water Pipe 

400 MWe Commercial P lant  studies ind ica ted  t ha t  f i l ament  wound f ibe rg lass  
re in forced p l a s t i c  i s  the most f eas ib l e  mate r ia l  f o r  the c o l d  water pipe. There-. 
fore,  t h i s  i s  the mate r ia l  selected f o r  the CWP f o r  the 10.0 M\Je   em on strati on 
plat form. 

For the Spar, the co ld  water p ipe GRP sections a re  proposed t o  be,con- 
s t ruc ted  a t  a shoreside f a c i l i t y .  The section.dimensions are 100 ft. long x 
50" I D  x 3.5" th ick .  The CWP sect ions a re  t ransported on barges. t o  the opera- . .  . 
t i o n a l  s i t e  and assembled using a drop through method through the submersible 
barge s i m i l a r  t o  the scenario used f o r  the 400 t.4We sphere. 

. . 
The CWP for  the ~ ' ~ h e r ' e  i s  proposed t o  be f iberg lass,  fab r i ca ted  i n  sect ions 

50 ft. diameter by 100-125 ft. long. 
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A f t e r  the main h u l l  i s  completed ( less the superstructure) and i s  
permanently moored a t  the operat iona l  s i t e ,  the CWP i s  deployed by lowering 
each sect ion through the 60 ft. diameter center we l l  o f  the p l a t f o rm  by 
a.system o f  jacks s i m i l a r  t o  the method proposed f o r  the 400 MWe p la t form.  

Each sect ion i s  brought out  t o  the p l a t f o rm  by barge, t ransfer red by a 
wheeled do1 l y  t o  the deck 'of the p la t fo rm and i nd i v i dua l  l y  lowered and 
attached t o  the p rev ious ly  deployed sect ion u n t i l  the f u l l  3,000 ft. of 
p ipe i s  deployed. The CWP s t . r ing i s  then connected t o  the p la t form by.means 
o f  the permanent connect ion i n  'the we1 1 o r  on deck.' , 

4.'3.2 OTEC Equ i.pment 

The p r i n c i p a l  components o f  the OTEC p lan t  cons is t  o f  Ve r t i ca l  Condenser, 
Ve r t i ca l  Evaporator, Demister, Turbine, and the Generator. 

The 230 ft. diameter Sphere and 146 ft. diameter Spar are s ized t o .  
accept e i t h e r  4-25 MW power modules (one module per h u l l  quadrant) o r  2-50 
MWe modules ( 1  heat exchanger per h u l l  quadrant). 

4.3.3 Moorinq 

I t  has been determined t ha t  a passive mooring system u t i l i z i n g  the h igh  
ho ld ing s t rength t o  s t a t i c .  breaki.ng s t rength c a p a b i l i t i e s  o f  the hol low 
cy l in 'd r i ca l  ' l i n k  (HCL) mooring leg i s  ne'cessary. A t  one end the l i n k s  w i l l  
be a t tached . to  the plat form, and a t  the o ther  t o  a d i sc  type, f loodable,  f ree 
f a l l  designed deadweight'anchor. Post-tensioning o f  the p la t form h u l l  a t  the 
leve l  where the 1 inks are  attached i s  desirable.  

I t  i s  est imated t ha t  the, drag on the 100 MWe plat forms, both Spar and 
Sphere, due t o  wind and cur rent  w i ' l l  be approximately one ha l f  and one t h i r d  

. 

respect ive ly  o f  ' t he  400 MWe designs. - The s i z i n g  o f  the 100 MWe mooring system 
may. be adjusted accordingly from the 400 MWe moori,ng designs. 

4.3.4 ~ e s t i n ~  and System Checkout 

The purpose o f  the 100 MWe demonstration p l an t  i s  t o  t e s t  the OTEC system 
performance. Therefore, there sha l l  be add i t i ona l  t e s t i n g  devices t o  check 
temperatures, f low rates,  and pressures t ha t  would normally not  be requlred for  
a commercialiy operated p lant .  The major systems which w i l l  necessi tate.  such 
t e s t i n g  a re  the fo l lowing:  

Heat Exchangers 
Wan and Cold Water C i r cu la t i on  Systems 
Cold Water Pipe 
Turb.i nes and Generators 
Evaporator and Condenser Discharge 
Main Hu l l  
Mooring System 
Ammonia System ' 

4.3.5 Operating Scenario'  

The operat ing personnel aboard the OTEC p la t forms sha l l  cons i s t  b f  th fee  
d is t . tnc t  ;groups: . . 



1. The OTEC crew, which would have the . r e s p o n s i b i l i t y  f o r  operat ion, 
analys is ,  and maintenance o f  a l l  OTEC equipment on the platform. 

2. The.Plat form crew which would be responsible f o r  operat ion and 
maintenance of the p lat form, .and support o f  the  OTEC crew, as 
requ i red, 

3.  The ca te r ing  s t a f f ,  which would be responsib.le f o r  preparat ion and 
d i s t r i b u t i o n  o f  food, and f o r  ho te l  serv ices such as c leaning o f  
f a c i l i t i e s  and laundry. This s t a f f . w o u j d  be contracted 0n.a per-man/ 
per-day r a t e  from a ca te r ing  service. 

P la t fo rm work schedules are assumed t o , b e  sirni. lar t o  cur rent  d r i l l i n g  
r i g  pract ices..  These.pract'!ces, would'employ personnel on the .bas is  o f  a 
'"one week on-one week. o f f "  type schedule. The working day would be d iv ided 
i n t o  two 12-hour sh , i f ts  f o r  the  p la t fo rm crew and ca ter ing  s t a f f .  This could 
be extended t o  a 13-hour day f o r  the  watch personnel t o  a l l ow  f o r  adequate 
t r a n s i t i o n  t ime dur ing  s h i f t  changes. 

.4.3.6 Ma i n  tenance Procedures 

Routine ... maintenance i s  the  duty o f  the OTEC crew. These dut ies  include, 
but  a re  not l i m i t e d - t o ,  d a i l y  p o l i c i n g  o f  the p lan t ,  cleaning, l ub r i ca t i on ,  
ma i n  tenance o f  working f 1 u i d 1 eve 1 s ,' rou t  i ne repa i.i. and rep1 acement , and 
s i m i l a r  dut ies. .  ~ o s ' t  equipment of the p la t fo rm i s  expected t o  have a pe r iod i c  
maintenance schedule which would be performed by the crew. 

A t rans ien t  work fo rce  would be ava i l ab le , to  the OTEC p la t fo rm f o r  any 
du,ty:the crew i s  not  ab le  t o  handle. This . forces dut ies  would inc lude major 
casual ty  repairs .  Major pa in t ing ,  coat ing, b io fou lant .  removal, and inspec- 
t i o n  tasks could be asqlgned e i ' ther  t o  the  p la t fo rm crew o r  the t ransients.  
I n  the  event t h a t  major repa i rs  o r  maintenance could be performed by f a c i l i t i e s  
on the platform, workboats o r  barges would probably servce as support vessels 
dur ing the operat ion. 

I 

For the  seawater system, corros ion con t ro l  t o  extend heat exchanger 
.tube 1 i f e  i s  accomp1,ished by use o f  the Arner.tap system. 

4 . 3 . 7  Cont i ngency P 1 an 

I n  severe weather condi t ions i t  has been proposed to,submerge the OTEC 
piatforms approximately 20 ft. lower than the normal ope. ra t~ng condit. ion. Th is .  
w i  11 r e s u l t '  i n  easing the p la t fo rm heave mot ions expected due t o  greater  wave . 

he ights and correspond.ing frequency exc i ta t i on .  It i s  est imated t h a t  lowering 
the p lat forms under severe weather condi t ions w i l l  he ip keep the  warm water 
f l ow  a t  the normal design rates. Otherwise an unspeci f ied o v e r a l l  e f f i c iency  
loss o f  the. p l a n t  may occur. . 

4.4 Schedule and Major Mi lestones 

The most o p t i m i s t i c  const ruc t ion  per iod  f o r  the  Spar i s  1 1/3.,years wh i l e  
f o r  the Sphere i t  i s  1 yeai. These periods do not  a l l ow  t ime fo r  f l o a t  ou t  o f  
t he  p a r t i a l l y  completed s t ruc tures  from the shoreside const ruc t ion  s i t e  nor t ime 
t o  tow the p lat forms t o  the  operat ional  site;nor development time. These should 
be ad'ded. t o  the  above times t o  a r r i v e  a t  t o t a l  t ime elapsed from commencement 
t o  completion o f  construct ion.  



The schedule, Figure 27, shows the proposed RED, Design and In tegra t ion ,  
Test and Evaluat ion and Operational elements o f  the OTEC Demonstration Plant .  

4.5 Cost Estimates 

The cost  estimates fol lowed the same approach as f o r  commercial p lan ts  and 
the same standardized WBS. 

Again, the power systems costs, I tem 3.0 o f  the WBS, nor the energy t r ans fe r  
systems costs were included. However, the cost  of  i n s t a l  1 i ng these equipment 
on the p l a t f o rm  a re  included. 

The cost  est imates f o r  the SPAR and SPHERE demonstration p lan ts  a re  shown 
i n  Tables 25 and 26. 





TABLE 25 

SPAR ACQU I S'TT.1 ON COST BREAKDOWN 

- 

COST. ITEM APPLICABLE WBS NO. COST ($000) 

~ u ' l l ,  O u t f i t ,  Machy. & CWP 1.2-1.8, 2.2-2.4, 3.0, 4.0 $241,230 
Const ruc t ion  S i t e  1.6 . 5,978 
Dep 1 oymen t 8.0 . . .  3,419 
Engineer ing Design & In te-  1.1, 2.1, 5.0, 6.0  art), 

PD, CD, DD 22,500 g ra t i on ,  TEE 
I n d u s t r i a l  Faci 1 i t i e s  9.0 1,689 
Spec.ia1 Test F a c i l i t i e s  6.2 1 ,000 

. . 
ANNUAL OPERAT I NG C.OSTS 

WBS NO. T l TLE ANNUAL COST ($000) 

6.3 Independent T&E $1,000 
7.1 ( p a r t )  Spare Par t s  1,811 
7.2 .Expendab 1 e Ma t e r  i a 1 s. 827 
7.3 . PeculL iar  Support Equipment 328 
7'. 4 Common Support Equipment . 264 
7.5 Personnel 5,100 

10.0 ( p a r t )  ,I nsurance 9 7 
11.6 (pa r t )  Manag;enen t . .ioo., . . . , . . .  . . . . . 

.. . 

$9,627 



TABLE 26 

SPHERE ACQUISITION COST BREAKDOWN 

- 

COST ITEM . APPLICABLE WBS NO. COST . ($000) 

H u l l ,  O u t f i t ,  CWP & Machy. 1.2-1.8, 2.2-2.4, 3.0, 4.0 $230,148 
Const ruc t ion  S i t e  1.6 7,315 
Deployment 8.0 3 , 352 
Engineer ing Design E I n t e -  1.1, 2.1, 5.0, 6.0 ( p a r t ) ,  
g r a t i o n ,  TGE PD, CD,, DD 22,500 
I n d u s t r i a l  F a c i l i t i e s  9.0 1,689 
Specia l  Tes t  F a c l l l e l e s  6.2 I , UUU 

ANNUAL OPERATING COSTS 

WBS NO. T l TLE ANNUAL COST ($000) 

6 . 3  
7.1 ( p a r t )  
7 a  2 
7.3 
7. '1 

7- 5 
10.0 ( p a r t )  
11.6 ( p a r t )  

Inriepsndent TgF, $1,000 
Spare Par ts  1,811 
Expcndable H a t e r i a l s  827 
P e c u l i a r  Support Equipment 328 
Common Support Equipment 264 
Pcrsonne 1 5.100 
l nsurance 
Management 

97 
200 
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