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SECTION 1.0 
l NTRODUCT l ON 

. , . . .  . . . .  . 
Vb 1 urns:: I,.! l,of the 'subject repo.rt presents . t he  "P r i j . ec t . .  P 1 anti f o r .  the develop- 

'ment ',and i n teg ra t i on  o f  a demonstration. p l  atform. Thi s volume ,concerns i t s e l  f 
w i t h  Task 7 o f  the subject  con t rac t  which spec- i f ies the deuelopmen.t~.of a p lan t o  
const ruct  and dep1.oy.a p la t fo rm which w.il.1. dem0nstrat.e economic , v i . a ' b i l i t y  t o  u t i - .  
1 i t y  users,  o f  . the commercial system whi.1 e recogri.i:zing' fac,i.'l i t y  constra..i n ts  and 
costs. This :is done f o r  the s'par and sphere pl.atforms as envisioned i'n Task 5 
concept des i gn. 

I n the course o f .  t h i s  study ' the fo:l,lowi nb subconf ;act&& s"pp1.i &d i "put f o r  
the development plan: 

o Burns and. Roe, I.nc. 
... . , ... . .  

o Wal l e r  E Associa.tes, Inc. 
. . .  

I The fo l low ing  areas were considered in  the development'of the p ro j ' ec t  plan:: 
. . 

o se l ec t i on  o f  p l a ~ t " ~ i . z e  
... . , ,  

o Deployment o f  major components .and the i  r i n teg ra t i on  
. . . . 

o Test ing o f  power p l an t  and s l ppo r t  se rv i  cds 
. . . .. 

o Operating scenario 

o l tehized cost  est imates a n d  sched"1::es 



SECTION 2.0 . ,  . . .  

DETEKMI.N.ATI.ON OF DEMONSTRAT I ON PLANT s I ZE 

. . . . . . . . . . .  . . . . . . .  
I n t h e  course b f  the O T E ~  systeins d&el.~pment,'. the power p lan t ,  s i z e  has been 

increasing by.  s teps. The, f ' i  r g t  .mo ;  pl a'tforms .are t e s ' t  p.1 atforms o f  :.l' MW6 and 5 
MWe output, , The t e s t  p lat forms .are .fol.l.owed,. by a 'pi l o t  plan.t ' o.f, 10 t o  20 :.MWe out-, 
put .  The l a s t  p-latform' s i z e  cons i.de.red.. i-n the.  OTEC . system ..development.'program i s  
the 400 MWe commercia,!. pl.an t. The. demonstration .pizing.. is: i ritend,e& ta.;fi.;ll. the 
gap between p i . i o t  p l a n t  and comme.rc.ia.1. pl,an t,. dexelppmen t. ' .A.f  t e r .  cons'i derat  ion o f  

' 

con t a c t  made ki t h  u t  i. 1 i t y  comgani.es and ,the -des i.gn, o f  t& ccohecc i 'al  p lant ,  .MRE.S 
has concluded tha t  a 100 MWe p lant .  s.ize should be considered f o r  the. demonstration 
p lan t .  . . 

. . . . . .  
'2.2 U t  ii i ty. Company ' I npGs 

_ . . . . . . . . . .  . . . . . . .  
: T& u t i  1 i t y ,  compan ie; ,. ~ l ' o r i d a  power ~ o r ~ ~ r a t i o n  'o f  .~:t .  Pqfeysbut-g, ~ l d r i d a , .  

a n d  ~ u e r t o  Rico Water Resource ~ u t h o r i ' t y  :df San Juan, Puertq ,Rl,cb., were telephone 
i n  terw i ewed. Based .on -.the' res<o,nsgs recei4ved. "f r-om ,theso ," t.i.1.i t\/ .companies and , 

Burns & 'Roel,s genera 1, - fami. 1 i i i r i ty . ,  i i : t h .  u t i'l 'i.ty- i'ndus.t r'i.es , the f.01 low,ing ,recommends- 
t ions were develqped. .A1 1 .  three' companies., sugges t tha t  th.e .dqnon<tra.t ion p l a n t  s ize, 
should be no' srnal'ler, Rharr. 10 ,MWe, and fur:bke.r ,'-.i.t': wou-1.d be:.des-i ratj1.e t o  have: a demon- 

.. s t r a  t ion  p l a n t  eqw i pped .wi.th comme.rc,i a1 _s,i-:ze, modul es w i  th,  $adequate red,u(dancy so 
.. t h a t  a meaningful power system evaluat ion cou1.d. be condected . . .  I,n .other words, re- . 

. . 1 l a b i  I i t y  and ,economics o f ,  an ,O:TEC. power .syst.em must be demonstrated.. to '  gain 'accept- 
ance as ' w e 1  1 as support from the , u t i l ' i  ty .  'indus.tries.' . . .  

. . 
:: . . .  . . . .  ._ . ,. . : .  . 

2.3 ~at'iona1.e. f o r  Se l i c t ed  Size 
. .  . . . . . . . . .  . ,, . . . . . . . . . .  , .  

The i n te rna l  ':arr,angeme,nt;of the. spar and -&her= p l a t  f o r k  must a l s o  b e  cons idered 
s ince the'  inte,rnal we1 1 o r  . t r unk ,  in ' these.  p lat forms forces the sktgcqion .of mu'l t i.ple 
power modules symmet:rical.ly. arranged about the center l ine, .  Th.i.s was. a ,cons'ideration 
i n  choosing 100 MWe f o r  the plant. , s i ze -  s i..nce'. t w o  S O  M W ~  modu.1.e~ coujl.d be. i n s t a l  l ed  
which .wo.ul d permi t t e s t  i.ng :of  equi'pment'..recommended . f o r .  use .on the: commercial p lant .  
I f t e s t i n g  of smal le- r  'un i  t s  such .as 25 MWe o r  12..5 , M W ~  equipment i ' s :  p.referred, thi.s 
could be done on a 100 We  p la t fo rm and symmetry o f  arrangement mainfained. Use o f  
25 MWe power 'rnodu1.e~ may be des i red. i n  order. to: max.imi ze vol.ume u t  i'l i 'zat ion o f  the 
sphere and spar platforms. 



SECTION 3.0 
PREL !,MI NARY DEVELOPMENT PLAN 

. . . . - ... 

3.1 Const ruc t ion  of t h e  Demonstration P lan t  S i t e  
T . . . .  3.1.1. General', . . . .  . .. ,._ . . . ,  -.- . . . . . . . . . . . .  

Th is -  sec t i on  i s  a p p l i c a b l e  t o  the  Spar and Sphere p la t fo rms.  

The main h u l l  i s  assumed t o  be const ruc ted o f  r e i n f o r c e d  concrete throughout,  
i n c l u d i n g  bulkheads and decks, which subd iv ide  the  h u l l  and a r e  designed t o  be non- 
t i g h t .  Four v e r t i c a l  bulkheads d i v i d e  the  p l a t f o r m  . i n t o  4 separate quadrants, each 
o f  which w i l  . l 'accomodate - a  25 MW n e t  ou tpu t  OTEC module. 

The c o i d  water pi.pe i.s supported a lqng the  length. o f  t he  c o l d  water we1 1 f o r  
t he  ,Sphere. ' The p i p e  i s  at tached t o  the  base o f  t h ' e ' . ~ . ~ a r ' s  c o l d  water i n t a k e  
sec t ion . .  I t  i s  assumed,,.t~ ,be' con.structed o f  f iberg . lass  r e i n f o r c e d  p l a s t i c  through- 
o u t  Tts length .  ' 

I t  i s  f u r t h e r  assumed t h a t  a l l  p r e l i m i n a r y  design and a l l  p r i n c i p a l  d e t a i l e d  
eng ineer ing  of t he  vessel a r e  complete p r i o r  t o  the  s t a r t  o f  const ruc t ion .  Th is  
inc ludes design o f  a l l  i n t e r n a l  components and machinery as w e l l  as the  bas ic  h u l l  
s t ruc tu re .  Exact s ize ,  weight, shape, supports and serv ices  must be known f o r  a l l  
heat  t r a n s f e r  equipment, pumps, e l e c t r i c a l  generat ion,  moo.ring systems,' h u l l  o u t f i t , .  
c o n t r o l  and moni tor ing,  access, v e n t i l a t i o n  and accommodations.. 

I t  i s  o f  course p a r t i c u l a r l y  important  t o  designate exact  placement and s i z e  
o f  major and minor pene t ra t i ons  through i n t e r n a l  and e x t e r n a l  .concrete s t r u c t u r e s  
p r i o r . t o  c o n s t r u c t i o n  o f  t he  h u l l .  Precast  concre te  and non-concrete components 
should be manufactured and made ready f o r  i n s t a l l a t i o n  ' i f  they a r e  t o  be imbedded 
o r  shrouded w i t h i n  the  concrete s t ruc tu re .  

The o v e r a l l  development p l a n  . f o r  cons t ruc t i on  o f  the  demonstrat ion p l a n t  must, 
l i k e  any o t h e r  l a rge  c o n s t r u c t i o n  p r o j e c t ,  f u l l y  i n t e g r a t e  a l l  aspects o f  t h e  con- 
s t r u c t i o n  process by schedul ing t ime r e l a t e d  c o n s t r u c t i o n  phases w i t h  m a t e r i a l  and 
equipment manufacture and d e l i v e r y  and supply o f  support equipment and labor .  Plan- 
n ing  and schedu.1 i ng  o f  t he  pco jec t  may 'be c a r r i e d .  o u t  by' standard c r i t i c a l  pa th  tech- 
niques and should c o n s i d e r ' t h e  f o l l o w i n g  major steps: 

1. Onshore c o n s t r u c t i o n  s i t e .  
2. Of fshore  c o n s t r u c t i o n  s i t e s .  
3. Overa l l  c o n s t r u c t i o n  time. 
4. Major equipment design, d e t a i l ,  manufacture and d e l i v e r y .  
5. H u l l  s t r u c t u r e  design and engineer ing d e t a i l .  
6. M a t e r i a l  t e s t i n g  and c o n s t r u c t i o n  procedures. 
7. H u l l  c o n s t r u c t i o n  support  equipment and s t r u c t u r e s .  

Phase 1 

8. Onshore c o n s t r u c t i o n  s i t e  prepara t ion .  
9. Supply o f  h u l l  m a t e r i a l s  and f i t t i n g s .  

10. Supply of h u l l  o u t f i t  m a t e r i a l s  and f i t t i n g s .  
11.  P a r t i a l  c o n s t r u c t i o n  o f  p l a t f o r m ' o n  shore. 



Phase 1 1  

12. Launching and towing df semi-completed h u l l .  
13. Offshore cons t ruc t ion  s i t e  preparat ion and temporary mooring 

and support equipment. 
14. Complete cons t ruc t ion  o f  main h u l l . *  

Phase 111 

15. Towing t o  operat iona l  s i t e  and deployment o f  permanent mooring. 
16. cold' water pi'pe i n s t a l l a t i o n  
17. Superstructure const ruct ion and p l a t f o rm  completi6n. 
!8. i n s t a l l a t i o n  o f  e l e c t r i c a l  transmission l i ne .  
19. ! n i t i a l  s ta r t -up  and tes t .  
20. Operat ion 

*Step 14 i s  app l icab le  t o  Sphere only. 

Since a l l  o f  the rrra.jor const ruct ion work w i l l  be completed i n  the open, ad- 
jacen t  t o  o r  tn  the ocean, weather must be accounted fo r  i n  the o v e r a l l  const ruct ion 
plan. Considerat ion sh.ould not  o n l y  be given t o  r a i n  and w i n d , ' . : b ~ t - a l $ , ~ ' t o . t h e  proba- 
b i l i t y  t ha t  the const ruct ion per iod  w i l l  span a t  l eas t  two hurr icane seasons i n  the 
Gul f  of  Hex1 co. Maximum use o f  weather "windows" should ,be planned, and - weather - -  . . . . . . . . . . . . . . .  ..... ........ . .  ..- r__  - --- .- ..-.- . --. - --  -- . -  . 
r e l a t e d  delays should be considered i n  c r i t i c a l  path ak- lyses.  

. . . . . .  .... --.- .......... _ . 

The operat iona l  l oca t i on  of the OTEC Demonstration P lan t  i s  assumed t o  b e o f f -  
shore from the F lo r i da  c0as.t south of  Tampa. The onshore constructi.on . *  . - s i t e  i s  ex- 
pected t o  be w i t h i n  p rox im i ty  of  the, ~ . e n s a c i i ' l a . ~ a y ~ a r e a ~ "  

' 

The s i t e  should . ! .~re ferab ly  be alqng a lshe l  tered r i v e r ,  channel o r  bay having 
d i  r ec t ,  unobstructed access t o  the' sea. Whi l e  i.t would..be extremely advantageous 

I 

t o  l ~ c a t e  the s i t e  wtth.in c lose p rox im i ty  t o  deep water, i t  w i l l  prove impossible 1 
t~ do so along t h i s  coast l ine.  The 10 fathom l i n e  i s  normally a t  l eas t  one m i l e  
from . the  coast and a1 1 por ts ,  harbors, anchorages, etc., i n  the area do not  exceed 

I 
I 
I 

35 t o .  40 -feet.--Cons-t-~uc.t.i.on .:on.. the land based s i t e  i s  thus 1 i m i  ted t o  f l oa t ing .  Out.- -. .- - : - - 
. . . .  . . . .  ... 

the h u l l  i n  t h i s  water depth. An a r t J f j c i q 1  is lqnd,  b u i l t  out i n t o  the ocean a l ~ n g  ........ ..--- ,-, . ......... ,,-F-.;-rz-+ --..... :-- A .  ..--= - -+~?--.-q--.?. *-.d.; . -<- . --==..is . . . . .  . . . .  . .  '!-I".. ... . a . - . -  . . . . . . . . . . . . .  . . . . 2 ' -  :' -~ -=LT.--=~?--. ... - . -- ~ - * ~ ~ ? . . . - ~ ~ - ~  -.-- - . -  ..-- -.: . .- - . . -. .- . - -  . . . ... - - " . . . . . . . . . . . _  ............... .".. . . . .  - . .  - .  . . . . .  , . -  

th is - '~oast i$ne%aman&i  s i m i l a r  t o  some oth.er")a.rge c d n c ~ e t e  cons t rug t ion  p r o -  . 
. . . . .  . . . .  . . 

. . 
. . 

j e c t s  . .- ....... shou1d"'be .- ..... cons ideted. ;. .: . !,,: >;;.;:; ;i:: .. - ... ....... .I::< -. . .  ': , .... ' .  : ::, . . . \ . . . . .  .<- .L-.. Y L,&,$,, , - .  . .. . - : . - .  . - . . .  * . .  
-&--A ;-,- - .- -. - :: . .... , . '7.: . .  

. _ _ _ _ f _  _ ------- - - A .  . - , ,  _ _  - _- .. . - 
The possi b i  1 i t y  o f  dredging channels deeper t o  f a c i  1 i t a t e  movement of a la rger  

s t r uc tu re  may be invest igated wi t h  respect t o  cost  and economii-c--advantage, but  the 
i t ime t o  f i l e  envi  ronmental impact statements and receive a1 1 necessary permi t s  must 

be considered. Time t o  acqui re  U..;S;"Corps o f  Engineers and other  permits f o r  exca- 
va t i ng  the coas t ruc t ion  s i t e  and sheet p i l i n g  the dam sho l~ l d  be  ons side red dur ing ! 
s i t e  eva luat i@n and planning. ! 

Evaluat ion o f  s i t e s  should be ca r r i ed  ou t  w i t h  the fo:l.l.owing aspects i n  mind 
t 

t ha t  w i l l  d i r e c t l y  e f f e c t  the cost  and efficiency of the e n t i r e  ~ o n s t r u c t i o n  p ro jec t :  

! 
1 Proxtmi ty  t o  sea and deep water. 
2. ~ n o b s t i i l t t e d  rou te  t o  .$he deep hater si te.l'.-. 
3. Area suf f i c i.ent t o  construct  demonst r a t  ion .p lant  and poss ib le  expan- 

s ion  fay c o n s t ~ u c t i o n  of commercial ,plants: 
4. Soi 1 o r  bed rock s u f f i c i e n t  t o  support h igh- s t a t i c  loads. 
5. Area t o  be.in.:'.close proxi:mity to.. . r ,e lat ively la rge  popula t ion center L 

and s k i l l e d  labor market. 5 

- 4- 
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6. Area t o  be served by good roads, r a i l  and water t ranspor ta t ion.  
7. Adequate u t i l i t y  supply, espec ia l l y  power and f resh water. 
8, Easy passage o f  permit  app l i ca t ions  through loca l  and federal agencies. 
9. Support of  l oca l  a u t h o r i t i e s  and labor unions, i f  any. 

The cons t ruc t ion  s i t e  sha l l  be planned, w i t h  room f o r  f u t u r e  expansion, t o  cover 
a l l  phases of the cons.truct!on process and support functions. The f o l l ow ing  s t ruc tu res ,  
eq.uipment, machinery and serv ices w i  11 be necessary t o  complete the land based phase 
o f  the $iioject: 

1. F a c i l i t y  boundaries marked, fenced and secured. 
2..  General admini s t r a t  ion bui . ld ings f o r  management s t a f f ,  engineering, 

psrchasi ng, mater l a  I .  and qua1.i t y  conf r o l  and personnel. 
3, ~ l e c t r f c a l  , water, telephone and compressed a i  r supply. 
4, 3ewage.. and waste disposal .  . . . 

5. ~ ~ u ; i ! ~ m e n t ,  .rqacFi.i nery, and mater i a 1 warehous ing. 
6, Cons,ol i da t  ton .of ground i n  .working areas and access roads- t o  support 

heayy tracked veh f c 1 es .. 
7.. Bulkheadtng of water f ront  barge berths, o f f l oad ing  equipment 'and dam 

enclosure. ' 

8.. Excwat  t0.n - o f  actual.  cons.truct ion. area and consol i d a t  i on  of  ground. 
9,' pumping. f a c ! l i . t i e s , t o  maintain a dry  area arid drainage. 

10.. s tee l '  f a6 r i ca t i on  shop an.d necessary equipment. 
11.. .MacRfne s.hop. . . 
12,. Hu l l  ' . .out f i t .  sh.ops and support equipment. 
13..' Heavy I t f t .  to we^ cranes. . 

14. Hewy 1 i f t ,  mobile, crawler cranes. 
15. Concrete manufacturing plant .  

P?e-tens.ioning and post-tens.ioning equipment, i f  requi  red. 
17. Sub-ass.errlbli rnanufacc~r i.ng area'.and equipment. 
18.. Supports,, fo~ms,, towers,' scaf fo. ld ing, etc. f o r  h u l l  const ruct  ion. 
19.. ~ e n e r s l ,  t ranspor ta t  ion f a c i  1 i t  ies: 
2Q. Barge mooring f ac i  1 i t  ies  f o r  cement and . aggregates . sto.<age. 

I t  i s  assumed tha t  the onshore const ruct ion area w i l l  be se l f  support ing w i t h  
respect t q  e rec t ing  the c ~ n c r e t e  h u l l  and a1 1 'co.ncrete components. Add i t i ona l  l y ,  
l$rbe s tee l  s.tructure5 w i l  be fabr i ca ted  a t  the s i t e  o r  a nearby shipyard along w i t h  
s tee l  pipFng qys.teVs., tn te~med ia te  decks, stairways, foundations, bulkheads, etc.  
The c o n s t r u c t ' r ~ n  s.[te. sha l l  thus be s ~ p p l  ied w i t h  bu lk  mate r ia l s  by e i t h e r  road, r a i  1, 
gy: Ba,rge. Due. t o  t h e '  la rge quant i.t i es  o f  cement,. sand and, gravel  needed f o r  the pro- 
j e c t  i t  i s  assur?ed'th.at 'much of i t  would be del ivered by ba'rge. 

The o.Pfs.hoy;e operati.ona1 s i t e  i n  the Gulf of. Mexico,. o r  the A t l a n t i c  Ocean i f 
the south.eas...t F lo r tda  coast. i s  chosen,. w i  11 no t  be protected from storm o r  hurr icane. 
Th-u.5, ' se lec t ion  of th.e'Pb.ase.11 const ruct ion s i t e  w i l l  p r i m a r i l y  be based on distance 
f r ~ m  the land con~.t.ructPon site., bottom condi t ions and the p r o b a b i l i t y  of , ' 

occurrence o f  w in te r  and summer storms,. 

While the fo. l lowing proposed const ruct ion method ou t l i nes  spec i f i c  methods of  
re inforeed concrete ti.ul1. format ion., the poss ib i  1 i t y  o f  u t  i'l i z i n g  o ther  methods and 
s-yqtems sh-ould ngt  Ge 'oye~looked when developing cost, q u a l i t y  and const ruct ion t ime 

' estimates.. Such mekhods. may include, but  should not  be 1 i m i  ted t o  the f o l  lowing: 



. . 
o Conveh t ional,- ,=as t- i n-place . const ruct  ion ' 

.... . ,  . . _ . .  . . . ,  ... . . . . . .  . , . -  , . . . .  
0 $ recas t i  hg o f  .. . :..mmpoaen.ts f&r. . iatek cas:s&nblty, ?and advanced j o i n i n g  techniques' 

. .. : ,. , >.I .: &,ji :: : :. . . . < 
; ,- . . 

' - >  :. . . . :. . '; 
0 ~ a 3  t - ' i ~ ~ l i c , &  . . f.0rmin.g . : .  o f  . t he ; ' vec t i~a l  b u l  kheads, the =yli.ndr.i ca l  

-gurfaces ,' and ,s'pheri.cal', c&mponents' o f  Sphere 

. . . . .  . . . 

9 .Compos i t e  ..s tee1 -concre t e . . co& t~ucc t  ion 'hethdds 

Each of  the systems has mer i t  i n - t he . . cons t ruc t i on  o f  the h u l l  t o  a greater  o r  
lesser degree. Thetp appl i c a t  ion, however, should be studied w i t h  respect t o  a1 1 
p a r t s  of the h u l l  s t r uc tu re  f o r  best  cost  ef fect iveness.  

SFnce th.e h u l l .  srze i.3 s:ubsta.nt ia.1 l y  smal l e r  than the proj'ected commercial 
p l a n t  s.!ze, the p o ~ s i ' b i l ~ t y  o f ' cons tnuc t i ng  the vessel of stee.1 was presented. 
However, i t  i s  alpeady determined:that the f u l l  s i ze  h u l l  sha l l  be constructed 
p r i n c i p a l  l y  c2f ~e.!nfopced concrete and thus, t o  f u l  l y .  demonstrate the feasi b i  1 i t y  
~f bqth-. constpuct ion  'techntque and operat ion, concrete was chosen fo r  the demon- 
s t r a t t o n  p lant .  

The cons-truct ton o f .  l a rge  concrete s t ruc tu res  f o r  offshore use i s  o f  course not  
new. and, the tech.nology for forming massive s t ruc tu res  on land and moving them t o  sea 
for c9,vplet ion has become. almost commonpi ace f o r  the construct  ion o f  la rge offshore 

- p l a t f ~ r f l s  for th.e Noyth. Sea:. The .appl i c a t  ion o f  t h i s  technology t o  const ruct  a de- 
. . f l g n ~ t ~ q t i o n  OTEC'plant Ps thus considered fundamental, o f f e r i n g  no new thresholds 

o f  expe r t i se  except perhaps i n  the forming o f  the spherei s .compound-~curvature hul.1.' 

. . . . . . . . 

' at': " G=.n&ra 1 
. . 

, ' .  -Th.e general layout o f  : the'Sphere OTEC demonstration p l an t  i s  shown i n -  Figure 
No, 1. . The..yes.s.el'P.s. s.e.m?-spherical i n  shape w i t h . t h e  e n t i r e  main h u l l  submerged 
5n the operat iona l  condl tion.." A cyl. i n d r i c a l  superstructure extends.'75 ft. above ' 

t he  scean supface t o  provtde s t a b i l i t y  t o  the u n i t  and t o  house the accommodation 
pye9s. and te5.t and data co l  l e c t  ing .fac i.1 i tbes. 

. . . . . . 

Th.e.p~oposed....method oP.hul.1 const ruct ion assumes, as prev ious ly  suggested, t h a t  
the. ~yeq%el'wF1-1 be c ~ n s t r u c t e d  !n three separate stages a t  three d i f f e r e n t  s i tes .  

: ..  . . . . 
Phgse . I  w i l l  b.e perfowmed a t  the onshore .s i te  t o  the po in t  o f  completion where 

t h e - h u l l  can be.-Safely f l oa ted  out  t o  the'Phase 11 o f f shore  const ruct ion s- i te ,  and 
~ ! t h  .$.uf$Fc!ent. freeboard f o r  Phase 11. const ruct ion.  

Phase 1 1  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 of Pensacola Bay i n  about 150 ft. o f  water, where the remaining h u l l  s t ruc-  
t u r e  and a11 o u t f i t  w i l l  be completed except f o r  the superstructure and the co ld  water 
pipe. 



. 
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u 
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Inboard View of Demonstration Platform - 2 30'  Diameter Sphere 
- .  

. . 

. . 
, ' .  Cold  Water Pipe I . . 

. . 50' Dia .  ' . . 
. . . . 

. . 

Note: P U ~ ~ S  and o the r  . . .  . .  . , :.F I G , . ~ ' ~ ~  1 , - . . . 

. . Skale 1:40, equipment n o t .  

1 
shown for c la r i ty  

. . .  , .. . 
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Phase. 11.1 w i l l  take place a t  the operat' ional s i t e  where the co ld  water p ipe w i  11 
be i ns ta l l ed ,  the permanent mooring system placed, the superstructure 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. 

Th.e supply. of la?ge, heavy machinery.and steam generation components t o  the 
s i t e  could poss i t i l y  pose a major p.coblem depending upon t h e i r  l oca t i on  o f  manufacture 
and method of  transportati.on.: I t  i s  unl  i k e l y  fo'r instance, t ha t  the evaporators and 
condensers would be t ransported as;a completed u n i t  over tihe road o r  by. r a i l .  Water 
b o ~ n e  transportatSsn would be the on ly  method o f  moving them t o  the s i t e  i n  completed 

Y 
porn, wh.lch. a&s.umes t ha t  the manufacturing p l a n t  i s  adjacent t o  water and s u i t a b l e  
docks. Th.ere f s  a pass i b i  l i t y  t ha t  heat exchanger components w i  1 1  be transported ' to  
th.e s i t e  and erected on the ground o r  i n  place'. Approximate weights o f  major power 
gene r a t  ion ccmponen t s  a re  given be Tow: . .. 

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

'Major Component Weights - 25 MW P lant*  

:. . " Ve r t i ca l  she1 1 and tube heat exchanger (dry)  

Turbo generator 

D e m f ~ t e r  
. . 

tntake Screen 

714 L.T. 

134 L;.T.. 

268L.T. . 

155' L.T. 

. . 
Seawater pump 300 L.T. 

*Weights are  approximate, they are  a lso  app l i cab le  t o  the Spar. 

The Phase 1 1  offshore const ruct ion s i t e  w i l l  be chosen i n  c lose  p rox im i ty  t o  
th.e' land based s t t e  fol' completion o f  the main h u l l  s t r uc tu re  and f i n a l  o u t f i t .  
Since the demons,trat ton. p l an t  is r e l a t i v e l y  small ('compared t o .  the 400 MWe Sphere) 
wlth_.co,mpsratiye!y l i:gh.t.dr/aft, a s i n g l e  const ruct ion s i t e  w i t h  s u f f i c i e n t  water 
depth. for  the f u l l  y 'constructed and ' o u t f i t t e d .  h u l l  weight should be chosen. A 
watep depth. o f .  150 f e e t  s.hould s u f f i c e  f o r  the comp.leted 100 MW h u l l  which f l o a t s  
a t  about' 14Q f o ~ t  d:raft wt thout  the co ld  water pi,pe, based on the weight breakdown i n  
Appendix A. '4. s t t e  about 25 nau t i ca l  mi les  o f f  the mouth o f  Pensacola Bay has a 
25. ;fath.om depth. of water. 

.' 

. . 

Once the p la t form i.s comp,lete except f o r  i n s t a l l a t i o n  o f  the co ld  water p ipe 
and. s u p e ~ s t ~ p c t b r e ,  the h u l l  wi1.l be towed t o  the operat iona l  s i t e ,  permanently 
mo~ped '  i n  p ~ s t t i ' g n ,  the cold.  water p ipe w i l l .  be in-stal- led along w i t h  the e l e c t r i c a l  
t p n s m i  ss ion cable and the superstructure w i  11 ' be  completed. 

b. Phase 1 Construct ion 

The fo l low ing  cons t ruc t ion  procedure f o r  the lower h u l l  assumes t h a t  the s i t e  
i s  f u l l y  prepared and ready. t o  begin const ruct  ion o f  the demonstration p lan t .  The 
excayated' ass.e.mbly. s i t e  i s  t o  a depth somewhat lower than the pro jec ted f l o a t -  
out  dpaf t  of  the f i u l l  and the s i t e  bed i s  consol idated. Depending on s o i l  condi t ions,  
i t  may he necessa.ry t o  s ink  p i 1  Png i n  way of  main support areas and foot ings t o  insure 
adequate s u p p o ~ t  of  the h u l l  s t ruc ture .  The procedura 1 steps presented here represent 
one method of const ruct ion through the e n t i r e  bu i l d i ng  process.  here are  o ther  methods 
and other  approaches . . which may 'or may not  prove f eas ib l e  and des i rab le  f o r  t h i s  app l i -  



. . .  
ca t ion .  A n .  .. in-depth . ana lys is  o f  a1 1 possib le.  methods i; thus suggested p i l o r  t o  
se t  t l i ng on any gi'ven one. .. 

. . . . . . .  - . ,. . . . . .  
1.  rive shee t  s t ee l  p i  1 ing., 'formin.g' an enclos.ure .about 430 f t .  i n  diameter. 

. . .  . - 
. . 2. Prepare ..a concrete, annul.a,r .footi;nb , to ,  support the sphere, a t .  i . ts  base '. 

d u r l  ng Phase .I cons t r .uct  i..on,. Des,i gn - f oo t i ng  , t o  support  tota l ' .  .load o f  .hu l l ,  ma- 
ch inery  and cons t ruc t ion  equipment. 

. . .  

3. Prepare a concrete f o o t i n g  a t  the centel; o f  t h e  =o ld-water  p ipe in take 
t o  bear the load o f  a concrete o r  s tee l  plug, crane. tower and the crane's maximum . . 
1 oad . 

4. On top of the concrete ,support, i tern. 3, ground fwrrn the lower p lug  t o  be 
used t o  support the crane tower dur ing phases 2 and 3. Pour the concrete p lug  i n  one 
p iece o r  se t  the p re fabr i ca ted  s tee l  p l ug  i n  place. 

. . .  . . .  
5. ~ i e c t  a heavy, hi..+< capaci t y  se1. f -e iect i  n. i  b'ui 1 d ing  c r a n e o f  the ho,r i r o n t i l :  

counterweighted boom type on top o f .  the plug.  The crane s.hal l be f i t t e d  w'i th '  a lower 
tu rn tab le -  t o  support two form s t r u t s  and an .upper . turntab.le- to a t tach  the form s t r u t  
e l eva t i ng  1 ines. 

. . . . .  
6. On top o f  the c o n ~ r , e ~ e a n n , u l a ' ~ '  foot ing;  i t e rn2 'above ,g round: fo rmthe  lower 

h u l l  shape i n  way o f  the ou te r  h u l l  and,cold.:.water pipe, connection up t o  a t  l eas t  
the lower deck a t  the 40 ft. W.L. I ns ta l  1 ,.4 precast conckete .condenset.and 4 eva-' 
porat  i on  discharge,  p i  pes wi.t.h t empo ra ry . . ~ .~ .  pluqs i n  lower ends.. iPrec8stw.atec ; -. .. 

4kscha . . .  .&. rge p i  pats: and:: be !..I-, mouths)i,s,hqul..d ;: ~ . : : f . , i~ iddL . - fo r : .  . . . . . . .  . . . . . . . . . . _  e&ch : o f  s~hei;;f&r. ._ . :L  .... 6owkk .';ndddla: .. '.' 
" ...... .r 

quadrants '.ek$!n;:ttidugh ~ n l y , ' o n e . , ~ ~ ~ w ~ r  module may- be i 6s t a l  l ed  a t  t h e  ou t sk t  . I t. i s  
1 ikely: ' that. i t  may, prove ,imp.ossible. t o . r e t r o f i t  the,se discharge t'ubes a t  a l a t e r  
date. U t i  1 i ze  in terna l .  movable . . . . .  , . fo rm cove,ring :a 220 - 30. ' segment o f  ,bottom h u l l ,  and 
pour. two oppo.s.i t:e u ?  i t s  s imul tanious 1 y.. . . . .  dont;i.nue pouks~ a t  a1 ternate  segments . to a1 - 
o w  f o r  cool'i:ng and shrinkage unti:l comp1:ete. The h u l l  should not be d i : i ec t l y  con- 
nected t o  the previ.ous1.y. constructecl . lower. p.l,ug ..in o rder . , to  permi:t , l a t e r  removal o f  
the. plug. 

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

7. E iec t  reusable sec t i  ona1 f o r m s  f o r  v e r t i  c ~ l  bul.kheads . . . .  a n d  po,".r.. ~ e ~ e a t  
u n t i  1 a1 1 ,  lower bulkheads.; w a t e r t i g h t  and non-watertight.; : a re  ~ o r n p l e t e ~ b d b &  t h e  40 
ft. deck. . . 

- .  . . .  -. . 
8,. Lay, 1 ower deck  i n ,segments u t  i 1 i z ing  heavy duty', $re-i t f e ~ i k d  ,: p ~ e - & s  t con- 

c r e t e  forms :and f l a t  form the upper.surface.. 
. - .  . , . . 
. . . . . .  . . .  .< I.' 1 .. . . .  . .  , . . .  

9. . From t h e  lqwer  deck: leve l  , erect :  j:unip forms a n d  const pet the m p e r i  ng 
c y l  i n d r i c a l  wa l l  o f  'the c o l d  water p ipe ' intake.  we1 1 ' t o  the p o i n t  where .i t in te rsec ts  

. . wi.th - t h e  .constiaijf .cyl indrica:l,;shape. . . .  . . . . .  I ,  

. . . . 
10. Cons t ruc t  the =xter ibr  and i i n : t e r i o r  spher ical  GJr face  f o r m s f o r  :forming 

the ou te r  hul l . .  I n t e r i o r  and. ex ter i ,or  forms shal I,,,. be attach.ed. t o  an- bpper framework 
by e i  t he r  p ins . o r  hinges so. . that  they .,can: be simp1.y 1owe.red. over. and>'i-emoved from .the. 
ou te r  she1 1. The lower. ends o f  the forms . s h a l l  inc lude a frame f o r  attachment t o  an- 



chors a t  the upper faCe of , the previ'ously,. poured h u l l  s t ruc tu re .  The ent i l re f6;m 
sha l l  thus be ca r r i ed  out  ,usi.ng. these. forms:, .two a t  a time, s imul.taneously pn op- 
pos i t e  sides o'f: the. vessel . The form s t r u t s .  may. bbe rot?.ted.,, thrqugh 360' such, t ha t  
a1 ternate  segments..may be. poured: un t i  1 the next leve l  i s  complete. 

, . . . . . . . . ,  , . 
1 1 . I ns t a l l  ma i n fqundat i  ons: f o r  evapora tor "and condenser uni.ts. and'. 6.ther 

heavy. o r  bul ky ma.chi nery, eq,u.,i pment:, tru,nks,, valves and ,pi ping. mater ia.1 s t ha t  w i  1 1 
not  pas.s through access openings i n  t,he 64 f t. deck. . Make a1 1 necesiary connect ions 
and make- watertight.. 

. . .  .. . . . 
12. . Erect bul khead forms and pour ,radi a 1  w a t e r t i g h t  b u l  kheads through the 64, 

ft.. deck l eve l .  Erect 64 f,t. deck ,.level suppo r t s , i n  the. form o f  ,precast p i l l a r s  
or ,  i f  used, i n s t a l  1 precast concrete ou te r .  jackets  f o r  the heat exchangers. 

13. Lay 64 ft. deck ~ i : m i l a r l ' ~  to:mithod o u t l i n e d  i n l t e m  7 leav ing openings 
f o r  hea.t exchangers, p i  p ing sys terns, t runks and .access. 

. ..  
. . , .  

I t ' i s  est imated t h a t ' w i  t h  the l'ow&k p;l"g '.in. pl,a,ce and assumi,ng ,a 35 t o  40 ft. 
water depth, the ,buoyancy o f  .the p la t fo rm,  w.i.l,l' . -not a1 low constr,uit ion.. o f .  the h u l l  
t o  advance much beyond , t he  64 ft.. l eve l .  The p la t fo rm must the re fo re  be f l oa ted  ou t  
a t  about t h i s  p0.in.t o f  completion. 

. . 

A t  t h i  s s tage,  the externa l  h u l l  a n d  center w e l ' l  a r e  cdnstru,cted as h i  gh as po i -  
s i ble, w i  t h  careful ;  con t ro l .  o f  weight being added t o  .the vessel. 1.t :may be .advan- 
tageous . f o r  cost  reasons t o  maximize the' amount o f  concrete con.struct ion at the on- 
shore s i te,  thus. the i nc l  us ion, o f  the cente.r wel.1 ,p l  ua , f o r  . . f l oa t  .out buoyancy. 
Trade-offs shoul d. be, made o f  t,k . -~mFnil'inliz~,ng I / ,  .. of':i h.eavy' equi pment .;i'nsfa.l,l:ed jtb ,.,,reduce, 
w.chi;nery weight' vs . maxiinh.izi ng concrete hu.1'1. wei,ght' i n  Phase 1 . " 

*' . 

The pa r t l a1  ins ta l , l :a t ib"  o f .  heavy rnachi'nery items ' a - t  the 'shore i te ,  p r i n c i p a l l y  
the v e r t i c a l  heat., exchangers ,. i s  desf r ab le  and. . appears . f eas ib le  f r q m  the weight ca1.- 
cu l  a t  ions. Compl.,eted., hea.t::exchanger. weight ,: i,.n excess. o f  ,700 .tons : each,, would re- 
qui r e  'the use o f  several . mobi l e '  heavy 1.i  f t  cranes:, or the ins. ta l ] l  a t  ion o f  a spec ia l  
heavy 1 i f t  der r i ck .  A l te rna te  methods o f  skid.ding -completed u n i  ts.ion-to the vessel 
o r  i n s t a l l i n g  u n i t s  i n  smal ler  components a r e . ~ u . ~ ~ e s t e d  whether .accomplished i n  Phase 
I o r  I I .  The 's tab i  1 i t y  'of the s t r uc tu re  a t  the f l oa t -ou t  stage should be inves t iga ted  
and the .use o f  f1,oatat ion barges made up. t o  the .  s t r uc tu re  dur ing tow-out. should be 

. . 
considered. 

. . .  . . .  . 

The poss:i b i  ty o f  i "creasing t h e  4 t ruc t " ' ra1  h u l l  w e i  bht compl'et&d onshoie wi t h  
the 'use o f  f loat -but  balrges. i s  worthy of eva.l.uation. Space w i  t h i  n . ' t he  excavated area 
could: be a1 located. f o r  the p0s.i t i on i ng .  o f  .two. 1 arge: oceangoing, deck,, .or: bul  k ' 1  i q u i d  
barges, on.:eithep;-s tde'.of,  the. vessel:. t o  i ncrease net  f loat -out .  . . .  buoyancy. . There are . 
a1 ready i-n ex is tence  spec ia l t y  vessel s: des i gned. f6F.. s ink ing  and 1 i f t i ng: heavy marine 
s t ruc tures wh i ch .may a1 so be used, .-o t convent iona 1. tiac.gesi cou l'd be . i w d  i f i ed , t o  be . 

bal Tasted and s.ubsequentlyl debal las ted t o  support a cons i  derab,l;e . load. . A. ne t  advan- 
tage o f  some 20,000 tons qf  ex t rh  h u l l  s t ' ruc tura l .  'mater:ial. c<u! d .be. formed. on land . 

by using th i -s method. Addi,t ional.l,y,. the 'use o f  barges would, lend s tab i  1 i;ty, t o  the 
.part  i a1 1 y completed h u l l  , reduce the.. tendency t o  r o l l  and . poss i b.1.y "el.i.h.i.nate the need 
to  cnmpletely dismantle the cen t ra l  tower.'crane. and o f f e r  .d i rect ional . .  s tab i  1 i t y  f o r  
the tow t o  the o f f shore  s i t e .  



. . 
.. Assumi'ng t h a t  . . . . . . . .  t h e  1 a t t e r  method pcoves both t echn i ca l  1 y and econom~cal,l 'sound, 

the c6mbi.ned uni t s  shoul d be ' f l o a t e d  from. the on ihorc .  c0ns.t r u c t  ion s i t e  as ' f o l  lows : 
. . . . . .  

1. ~emove major i  t y o f  mater,ial :,used t o  i r b u n d f o r m  l owe r  hu i  1 .  sect,ion. Sup- 
p o r t  hu l  1 w i t h .  wood ,or stee.1 "b.i l.ge bl-ocks".. 

. . . .  

2. T ie  lower pl:ug- in to .  center '  co ld  water  we1 1 ,w i t h  substant ' ial  we ldeds t ruc -  
tures.  and seal cavi. t y  w i  th. 'epoxy.  t o  insure wa.tert i  ght enclosure. 

3 .  Attach lower permanent' &or..i.ng connect ions t o .  h u l l  and i n s t a l  1 chain leads 
topside h u l l  f o r  l a t e r  attachment t o  Phase . . l ' l .  mooring system. 

4; T i e  o f f  hu l l '  to, land mooring =onnect ions .  t ~ '  h i1  d i n  pl'.rr 1111ring f l o o d i n g  
. . oGeraLlons. 

. . . . . . .  . . 
5. Through previous 1 y ! . n i t a l l  ed, dewatering.: system f l ood  excavated. basin ' t o  

-1'evel o f  adjacent ,water .system.. .Remove: earthen..dam; and suppokt:i ng,  s'bee.t p i  1 i ncj. 
A t  t h i s  po in t ,  the ent  i . re .  excava..te.d' bas in. i s . f,looded and. open to '  . the adjacent chan- 
ne l ,  r i v e r  o r  waterway. The s t r uc tu re  f l o a t s  a . t  the - p.redeterrni ned' d r a f t .  ready t o  be 

. . . . towed o u t  t o  sea. :: >:, , . : .  :i . , . my ...., . . . .  . . .y  ...... : i ' .  :; :.,,:,..5.. . - < , t '  ' * 
:: ; : " " . . . . . . .  . . . .  . 51;:: ::,. :... , . . ;  ,' i . . . . . .  . + : .  . . .  . .; . . .  . . 

6 .  With the f l o a t - 0 6  barge. meth id ' the hull,, remains. i n  , '$bsi. t ipnsti . , l  s i t ua ted  
on the pre-formed annular r tng. .  ;Erlqve: barges ' ,i-nto' the c0n.s truct ion.,are.a ..,and.' a t tach  t o  
the concrete h u l l  e i  ther '  b-jr . mooii  ng. attach men^;': 'cable . 1 i . f . t .6 r  ~ t r , u c k ~ r ~ l .  ' c a n t i  l ever  
t o  barge ma.i.n. deck. Flood suppor t i  rig., ba.rges to.  pre-deterrni,ned ., , d r a f t  . . .  .and t i gh ten  up 
on connection system. Debal l a s t  supporting. barges and r a i s e  p. lat form. 'st ructure ' f rom 
excavated f 1 oo r . 

. . 

7. Once p la t form s t ruc tu re '  i s  ra ised:  from f loor: ;  connect towi.ng. tugs. and move 
t o  the Phase I I offs.hore construct:i:on s i t e .  

. . .  . . . . 

. . .  ..,, :. . .  . . . . . .  . .  :) ... . . . . . . .  . . 
=."Q:: :. Phase:,l;,l ..Cons:truct i on. . .  

. . .  
The part i a i  1:y ,;ornil eted' hul 1 ';'i:S towed t o  t&:.bf f.shtirk.,si t e  where ,t.&np6,rar/ moor- 

... .. i n g  anchors. and..pendant buoys have ; been ,preset  The:,hul.l . i s ,  ,pas i t  ioned by'. tugs .and 
moo.ii ng ~1 i nes a re  attached t o  :the p~e-connected~~chai.ns..  Each of  the attendanh. barges. 
i s b a l l  as ted, detached from. the. hu l  l.;and r e k v e d  ,unl,ess. i equ i  red, . :to - s tab i  1 i ze the 
p la t form.  A stabi.1 i ty,, and motion. :response ana:lysis shou.ld.'be made for.;.the. p l a t f o rm  i n  . . 
t h i s  condl t ion.  and al.1 ,.subse.quent.. c0nd.i.t i'ons; du,ri ng.;cqnstr.uct.ipn ,.to "de.termi:ne . the sta-  . . 

b i  1 i t y  c h a r a c t e r i s t i p  .and. the possi!$'le, ad.vantnge.,nf. 6 4  . . .  last.imy ,d,i~dfor:,,uti 1 i z i  ng barges 
t o  improve stabi..l i t y  .and .mot ions. whi' le'under 'const ruct ion.  

. . . - ... 
. . . ,  . . . . . . . . . . . . .  . . . . .  . . . '. - .. ; . . , . r  

Support vessel s .'and 'eqCli,pment - w i  1:l;:be needed: to, .cone i:n."e' construct ion a s  soon as 
the vessel.  is..moored.. Portable'di~esel'po~.r'gene~ion~wi'llbe r e q ~ i ' r e d  on. board o r  
on an adjacent f loat in.b,.p. latform - to supply:e.!ectr.ical.:.'power for:l:ight!.ng.,. &,nt.i l .ation, 
e l e c t r i c  dri .ve.,mixers, pumps, c,,r,anes and h;~i ,sts.  ,Eng:i:ne'-dv.iye,n, egu.ip@nt'-may a l so  be 
used. One o r  ."ore. barges. support ing complete ..cone,re t.= .mi.xi',ng; p lan ts  ,, ::w:i,%h tanks f o r  . 
f resh water wi,l 1.. be q q r e d  .-next' to.. ttie..hul.l. ,: poss l'bl~y,. w i  t h  s.upp1 y. barges ,..for. aggrqg,ates 
and cement l a y i n g  alongside. . Care must~.be~exe.rcised, to :  p ro tec t  t h e . ~ . . t e ' r i a l s  from being 
sprayed.or,  wet by sa l t 'wa te r .  

- 12- 



The p la t fo rm,  barges and p l a n t  w i l l .  be supp.l ied wi-th men and .mat,e.rials by .a  
supply vessel ,. tugs and barges. I t i s  as.sumed. t h a t  cons t rucf- ion- .of  fshore  would 
cont:tnue on a 24 hour per  day bas:i,s us.i'ng .'a 12 .hour s.h i f t  system. . Men may ,be ,. - 
f e r r i e d  t o  the  vessel ' b y  ,crew ,boat  ,o r ;he l . i copter , ,  i f .  a. temporjary .he1 ic0pte.r .  p l a t -  
form i s provided, . depend i ng. upon d i's tance-*f .rom, shore, The loss o.f t'i:me used t o  
f e r r y  .workers' to .and from, t h e  vessel by,crew.b;oat'rna,y ,be more c o s t l y  than us ing  
h e l i c o p t e r  which may prove a v i a b l e  a. l tern.at ive. 

. .  . . .  . 
The Phase I I cons t r u c t i b n  p rocedureshou l  d then' b e  ca r r i ed :  o u t  as f o l l o w s  : 

' 1. us ing  the  t o k e r c r a n e :  and f o r m  'support ing s t ru ts ' ,  cont inue t o  form ..  

,. o u t s i d e  she1 1 up t o  the-  120. ft; . l e v e l .  . Simul taneous.1~ s l i ip- form ' t he  i n t e r n a l  c o l d  
water  we1 1 and radia ' l  wa te r t i gh t : . bu l  kheads',. : l n s t a ' l l  pre-cast  p i  1 l a r s  and. supports 
between decks and const ruc t ,  us.ing .pre-cas.t forms, the .  'ft. de'ck. l e v e l .  

. . .. . . 

2. A t .  t h e '  p o i n t  where th=. 'external.  a"d . i n t e r n a l  w a t e r t i g h t  she,l ls a re  f a r  
enough advanced to. '  i ns  t a l l  major .equipment, mobi 1.i  ze' a heavy'. l  i f  t ,derci..ck barge. 
L,i f t  heat  exchangers o r  componen.ts from supply: barge and . l o w e r  i n t o  pos i  t,ton. Addl- 
t i o n a l l y ,  l i f t  and p lace  turbo-generator, .demisters, e t c .  

. . 

3 .  l n s t a l l '  a1 1,  o t h e r  equipment, p i p i n g ,  machinery, f i t t i n g s , .  t runks, etc'. t h a t  
must be p laced .below ,the ,120 ft., deck l e v e l .  . E rec t  concrete ,or stee.1 . p i  p i n g  . t o  heat  
exchangers. l n s t a l  1 major e l  e c ~ r , i ' c  power cab1 es and machinery. 

4, Form and cons t ruc t  deck l & e l . k t  . . .  120 fee,t. 

5. Dismantle f o r m  s t r u t s  on tower crane. 
... , . 

6. - E rec t  forms be low m a i n  arc,heddeck and r i n g  system. I n s t a l  1 pre-cast  warm 
water  i n l e t  t runks  a t  a1 1.. f o u r  quadranis, and pour deck. Comp.lete .s.1 i p-forming o f  
c e n t r a l  w e l l  up t o  the  deck.' 

- 
7. '~emove tower crane fcom 'p lat form. 

c, 

. . 
8. Remove suppqrt  barges and. equipment f.;o* around platfo;m. Cut attachments o f  

p lug  t o  co1.d water  p ipe  w e l l a n d  b a l - l a ~ . t . . ~ : l ' b ~  so t h a t .  i t ' s  f r e e  t o  fa.11, Pump water .  
i n t o  c o l d  water  p.i pe we151 unt,i 1 , su f f . i c i .en t  head i s  app1,ied . to  fo rce .  p l u g  'ou t .  Salvage 
p l  ug i f necessary. Remove t e m ~ ~ o r a r y  condenser -and evaporator  d ischarge p l  ugs. Pre- 
pare p l a t f o r m  f o r  tow, 

, . .  . .  

A t  t h i s  p o i n t  the p l a t f q r m  i s  f u l l y  f i t t e d  o u t  w i t h  t h e  e x c e p t i o n o f  the  &l d 
water  p i p e  and t h e ~ ~ u ~ e r s t r u c t u r e . .  The neeessi.ty t o  i n s t a l l  i n t e r m e d i a t e  decks w i t h -  

' ' i n  the  we1 1.  i f t e ~  i.ns.tal.1 a t i on '  o f  t he  co l  d:wateP, pipe. s h ~ u l : d  .be ,?"vest i.gated f o r  t he  
demdnstrat ion p l a n t .  Testimg and ins t rumenta t ion .  o f .  . the .=o ld  wa.te& p i p e  hou l  d i n d i -  
ca te  t h a t  . t h e  we1 1 .  st iould remain accessib le,  e s p e c i a l l y  t o  pe rm i t  i nspec t ion  o f  t h e  
CUP supports. 



d. Phase 1 1 . 1  Const ruc t ion  

The p la t fo rm,  f l o a t i n g  a t  approximately 135' . d r a f t ,  i s  towed t o  the  opera t i ona l  
s i t e  and moored t o  preset  anchors and chain. .The moored p l a t f o r m  w i l l  then f l o a t  a t  
about 140 d r a f t  w i t h  10'  freeboard. F l o a t a t i o n  barges a r e  now at tached t o  r a i s e  the  
p l a t f o r m  o u t  of t h e  water  so t h a t  .;it w i l l  have s u f f  i - c i e n t  f reeboard w i t h  t h e  c o l d  
water  p i p e  deployed t o  permi t  complet ion o f  cons t ruc t i on .  

The sequence o f  opera t ions  w i l l  be 'as  fo.l lows: 

1 .  Deploy permanent mooring. (See 400 MW P l a t f o r m  scenario.)  

2. Oeploy c o l d  water  p ipe:  

The c o l d  water  p ipe  f o r  t he  p l a n t  i s  assumed t o  be a h n t ~ t  50 f e e t  i n  diameter, 
o f  GRP, ~ I I J  t o  weigh about 5,000 Long Tons i n  water. 

The p i p e  w l 1 1  be preconst ruc ted i n  sec t ions  o f  100 t o  150 f e e t  l eng th  andilcon- 
nected i n  p lace w i t h  g lued j o i n t s  o r  mechanical fasteners. '  

The p i p e  sec t ions  a r e  t ranspor ted t o  t h e  p l a t f o r m  by supply vessel and then r o l l e d  
on a wheeled c a r r i a g e  i n t o  p lace  over  the  w e l l .  .The f i r s t  sec t i on  i s  lowered i n t o  the  
w e l l  u n t i 1 : i t s  upper end i s  l e v e l  w i t h  t h e  h y d r a u l i c  j a c k  system. A suppor t ing  c o l l a r  
i s  then a t tached t o  a  number o f  h y d r a u l i c  jacks .  The t o t a l  number o f  jacks  i s  s i zed  t o  
support t w i c e  the  t o t a l  weight  o f  t h e  completed c o l d  wate'i- p ipe  so t h a t  a l t e r n a t e  jacks  
a re  used f o r  each c o l l a r  attachment. 

W i th  t h e  f i r s t  sect i0.n lowered and col1ared;its weight supported by the  jacks ,  
t he  nex t  s e c t i o n  i s  r o l l e d ' o n  board and lowered by j acks  on to  the  f i r s t  sec t i on  where 
i t  i s  a l i g n e d  and connect ion is .made. .  A second c o l l a r  i s  then a t tached t o  t h i s  
s e c t i o n  o f  p i p e  w i t h '  support from the  remaining jacks  and. the  weight o f  t he  two j o i n e d  
sec t i ons  i s  h e l d  by t h i s  upper c o l l a r .  The lower c o l l a r r i : ~  then detached and the  two 

' p i p e  sec t i ons  a r e  lowered i n t o  the  w e l l .  The nex t  s e c t i o n  o f  p i p e  i s  then brought on 
board, connected t o  the  p i p e  s t r i n g ,  lowered i n t o  the  w e l l  and the  c y c l e  i s  repeated. 

C' 
A 

A l l  c o l d  water  p.ipe sec t ions  (3,000 ft. t o t a l )  a re .  lowered and cannected s i m i l a r l y . .  

When a1 1 j o i n t s  a re  lowered and connected, t h e  pre-constructed CWP support assembly 
, i s  lowered i n t o  p o s i t i o n  and i n s t a l l e d .  The upper end:of t he  c o l d  water p i p e  i s  then 
a t tached t o  t h e  support assembly. F i n a l l y ,  t h e  w a t e r t i g h t  seal i s  i n s t a l l e d .  

3. I n v e s t i g a t e  t h e  p o s s i b i l i t y  o f  c o n s t r u c t i o n  supers t ruc tu re  o f  concrete u t i -  
l i z i n g  s t e e l  o r  concrete decks. Concrete may prove b e t t e r  and cheaper t o  support t he  :, 
h i g h  compression and loads generated by t h e  c o l d  water p i p e  i n s t a l l a t i o n .  

A1 t e r n a t  i v e l y ,  p r e f a b r i c a t e i s t e e l  supers t ruc tu re  a t  shore s i t e  i n  sub-assembl i es  
'V s i zed  f o r  t r a n s p o r t a t i o n  t o  p l a t f o r m  and 1 i f t  by d e r r i c k  barge. Tower crane and sup- 

p o r t  would be removed from vessel f o r  i n s t a l l a t i o n  o f  t he  CWP bu t  cou ld  be r e i n s t a l l e d  
a f t e r  CWP deployment if advantageous f o r  complet ion o f  t he  p la t fo rm.  

Const ruc t  t h e  upper s t e e l  deck a t  the ,shore  s i t e  and e r e c t  d e r r i c k  a t - t h e  upper 
' l eve l  o f  t h e  supers t ruc ture .  Deck must be. designed t o  support two h i g h  capac i t y  r i n g e r  
cranes. 



4 .  Erec t  p la t form's  craacs on deck. 

5 .  Lay e l e c t r i c a l  transm'ission cable t o  shore. 
. . - . . . . . . . . . . . 

6 .  Check o u t  a1 1 systems and 'i'ns t a l  l a t i o n s .  

7. S t a r t  up p l a n t .  
. .. . 

8. 1 n i . t i a 1  t e s t  .and demonstrat ion. 

Spar P la t fo rm 

a. General 

The general l ayou t  o f  t h e  Spar OTEC demonstrat ion p l a n t  i s  shown i n  F igure  No. 3. 
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  oper- 
a t i o n a l  cond i t ion .  A c y l i n d r i c a l  supers t ruc tu re  extends 75 ft. above t h e  ocean sur-  - 
face t o  prov-ide s t a b i  1 i ty t o - t h e  u n i t  -and t o  house t h e  accommodatlpn 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 supers t ruc tu re  i s  made o f  concrete w i t h  a s t e e l  
deckhouse s t ruc tu re .  - --- 

Const ruc t ion  o f  the  h u 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 
p lace i n  th ree  separate phases a t  t h ree  dei f ferent  s i t e s .  

Phase 1 s h a l l  be performed a t  t h e  onshore s i t e  t o  t h e  p o i n t  o f  complet ion where 
the  h u l l  can be s a f e l y  f l o a t e d  o u t  t o  the  o f fshore  s i t e .  

Phase 1 1  s h a l l  be c a r r i e d  o u t  a t  t h e  immediate o f f s h o r e  s i t e  where t h e  p l a t f o r m  
w i l l  be e n t i r e l y  const ruc ted t o  deck l e v e l  410 r e q u i r i n g  a t  l e a s t  150 f e e t  of water  
depth. 

Phase 111 s h a l l  take p lace a t  t h e  opera t i ona l  s i t e  where the  mooring system and 
CWP w i l l  f i r s t  be connected and t h e  remainderof t h e  p l a t f o r m  constructed.  

b. Phase 1 Const ruc t ion  

The lower h u l l  onshore constroct . ton s i t e  i s  expected t o  be w i t h i n  c l o s e  prox- 
i m i t y  t o  the  Pensacola Bay area. S i t e  p, reparat ion s h a l l  c o n s i s t  of t h e  fo1,lowing 
stages: 

1 .  The excavated asse~ubly s i  t t  i s  prcpared t o  a depth somewhat lower than 
the  p r o j e c t e d  f l o a t - o u t  d r a f t  o f  t he  h u l l .  The f l o a t - o u t  channel i s  

. . . . . . . . , - - - . . . . . . .dredged to a f . 1 0 ~  .%or the.  above ment ioned d.raf t .  An a r t . i  f i c  i a l  . i s l  and . . 
should be considered as an a l t e r n a t i v e  s i t e .  

. . 
. - . - . . - - -.-- ... &*----A' ' ' - '- --'---=-"--- -------.&&L-- . . -- -. -..- .. -___. ..-- -. _ -- - 

2.. Lay i n  t h e  h y d r a u l i c  p ip ing .  

.' - . -- . 
3. F l o a t  i n  the  preconst ruc ted s t e e l  p lug  and. a f t e r  S,tage 4 .dewater t h e  

s i t e ,  l e t  t he  p lug  land i n  p lace  and e r e c t  a heavy, .h igh capac i t y  
, se l  f -e rec t  i.ng b u l l  d  i.ng crane o f  the  h o r i z o n t a l  s0unterweigh.t boom type 

Qn top of t h e  plug. 
. . 

4. Dri.ve . in  t h e  sheet pi.1 i ng  and push sand up around i t .  

5. Push sand i n t o  rough shape of t h e  g r a ~ e f r u i  t . . (bo t tom hemi sphere). 
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6. . Prepare a concrete annular f oo t i ng  to. support the spar a t  i t s  base 
duri ,ng Phase 1 cons6ruction process. 

7. Place the upper and lower t r a v e l i n g  t ~ a c k s  and g ive  the sand f i n a l  
shaping and s t a b i l i z a t i o n .  

The amo,unt o f  the lower s t r uc tu re  constructed on land w i l l  be about the same 
as would be accomplished fo r  the commercial p lants,  t he  major reason being t ha t  
the demo p l a n t ' s  t o t a l  depth i s  over 90 percent o f  the peoposed commercial p l an t  
depth. 

Regaid ing the above, the lower g rape f ru i t  i s  cast,:.i:ncrernental.ly u t  i.1 i z  ing 
the i n t e r n a l  movab'le form i n  opposi te 22 l / 2  degree segments t o  a he ight  of around 
60. feet. Through p rev ious ly  i n s t a l l e d  dewatering system f l ood  excavated basin t o  
leve l  o f  adjacent water systelil. Remve earrhen' dam and stieeL p i  1 i l ly  i n  way of 
f l o a t - o u t  channel. .At t h i s  po in t ,  the e n t i ~ e  basin i s  f looded and the grapeft iu i t  
a f l o a t .  Simulhaneously tugs are  pos i t ioned and the u n i t  I s  towed t o  the Phase 1 1  
cons t ruc t  ion s i t e  where mooring anchors and thei.  r pendant buoys have a 1 ready been 
preset. 

c. Phase 11 Construct ion 

Support vessels and equipment w i  11 be needed t o  .cont inue const ruct  ion as soon 
as th.e.yesse1 i s  moored. Por tab le  d iese l  power generation w i l l  be required on board 
Qr on an adjacent f l o a t i n g  p l a t f o rm  t.0 supply e l e c t r i c a l  ~ o w e r  f o r . l i g h t i n g ,  v e n t i l a -  
t i on ,  cranes and ho is ts .  A deck'ba.rge support ing a complete cement mix ing p lant ,  , 

w. i th lower tanks f o r  f resh  water w i ' l l  be moored next  t o  the h u l l  poss ib ly  w i t h  
supply barges f o r  sand and cement lay ing  along side. 

The vessel, barges and p l a n t  w i l l  be suppl ied w i t h  men and mate r ia l s  by a 
supply vessel, tugs and barges. It I s  assumed ,that c o n s t r u c t i o n ~ o f f s h o r e  would 
cont inue on a 24 hour per day basis usin'g a 12 hour s h i f t  system. Men may be 
f e r r i e d  to .  t6.e ves.sel by crew boat o r  h'el ipopter  depending upon. d istance from 
shore. The loss of  t ime used t o  f e r r y  workers t o  and fr'om the vessel by. sea may 
prove t o  6e more c o s t l y  thhn using a i r  t ranspor ta t ion.  I t  may thus prove a v i ab le  
3.1 t e rna t  ive. 

. . 

The Phase - 11 const ruct  ion .procedure should then be ca r r i ed  ou t  as fo l lows: . 
. . .  . - . . 

The tower crane i s  cons is ten t l y  u t i l i z e d  i-n the f o l l ow ing  scena,rio. The 
upper g rape f ru i t  i s .  poured i n  opposi te segmerits using jump forms. I n  a1 1 concrete 
p o u ~ f n g  .stqges.'. discus.s.ed . th.e r e i n f o r c i n g  s tee l  i s  assumed t o  be pos i t  ioned and 
welded'. .  he g r a p e f r u i t  bulkheads are 'polilred- v i a  s l  i p  forming techniques. The 
tgrus. ~egments are precast  on shore and shipped t o  the s i t e  where they 'are 
as.s.emb.led and secured. Deck 540 .is. poured i n  p lace w i t h  co ld  water in take va l ve  
f ~ u n d a t  ions. and valves tncorporated,. Using s l  i p  forms pour the ou te r  she1 1 from 
e?eya t j x~n  540 t o  480. ~ l ' a c e  precast and .'shipped cen t ra l  t ronk sect ions t o  the 
abgye e leva t  ton and -proceed. t o  do the. same wi'th the precast co ld  water . i'nt'ake 
sect ions and precast  bulkheads. Deck 480 i s  powred i n  place. Repeat the same 
p~ocedu re  for  const ruct ing she l l ,  trunk,col-d water pipes, and bulkheads from 
e leya t  ion 4.80 t o  450.. . L.nst&l'l'. -. pump. f0unda.t +_ _.  -.- Lens, . cold'.waterl pymps ,. upper co ld  water 



i n take  pipes, and pour deck 450 i n  place. Fo l low e a r l i e r  steps f o r  c o n s t r u c t i n g  
s h e l l ,  t runk ,  bulkheads and c o l d  water i n t a k e  f l a r e  p i p e  sec t ions  from e l e v a t i o n  
450 t o  410. Pour deck 410 i n  p lace w i t h  generator,  turb ine, :hood end condenser 
foundat.ions incorporated.  A t  t h i s  p o i n t  t he  tower crane must be r a i s e d  t o  a h ighe r  
l e v e l .  and the..hem.isphere c e n t r a l .  t r u n k  c losu re  i -s .  poured. Phase- 1 1  i s  complete 

C 
and the  p l a t f o r m  i s  towed t o  the  deep water  ocean Phase 1 1 1  s i t e  where t h e  mooring 
system i s  deployed,as per  sec t i on  3.2.1 .,.._- 

.., ..... -.-.,._ . . . . . . .  
-/ . . 

d. Phase.111 Const ruc t ion  . . . . . . . . . . .  :. . - -. , 

/ The c o l d  water p ipe  i s  assembled and connected as per  s e c t i o n  3.2.1. Con- 
. .s. troct she1 1 and c e n t r a l  t r u n k .  from e leLa t  ion  41 0 t o  360 then p lace precast  
.condenser housing, condenser, hood, t u r b i n e  generators and pour r a d i a l  bulkheads. 
From e l e v a t i o n  360 t o  330 p lace c e n t r a l  t runk ,  bulkheads, separator  diaphragms, 
h u l l  segments and pour deck 330. Thi.s completes. t he  s t r u c t u r e  t o  i t s  mid ' po in t  
and the  same scenar io used f o r  c o n s t r u c t i n g  from e l e v a t i o n  480 t o  330 i s  used i n  

; reverse o rde r  from e l e v a t i o n  330 - 100 .except o f  course the  yarm water systems 
a re  i n s t a l l e d  du r ing  the  sequence. The main body o f  the  spar i s  comp1.ete. The 
upper s h e l l  e l e v a t i o n  100 t o  75 '  above the  DbIL i s  s l ' i p  formed, the  c e n t r a l  t runk ,  

, t h e  concrete bul.kheads, and s tee l  sub -d i v i s ion  bulkheads a re  placed i n ,  and decks 
100 through LL 55 a r e  poured, al.1 done i n  l o g i c a l  sequence: The l a s t  s tep  i s  
p l a c i n g  the p re - fab r i ca ted  s t e e l  deckhouse on top  o f  t he  spar p l a t f o r m  and a1 1 super- 
s t r u c t u r e  components a re  i n s t a l l e d .  



Table 1.: Concrete Spar C h a r a c t e r i s t i c s  

C v l i n d r i c a l  She l l  

S h e l l  End Closure 

.- 
a - I I Actua l  

Loca t i on I S ize  I Th i cknes 

Req'd. 
t , 

ft. 

1.221 

3.732 

6.341 

P 

Bottom 
Closure 
(Comp 1 e t e  
h a l f  sphere) ' 

E lev. 
be 1 ow 
DWL 

100 

3 00 

500 

. 
Actual  

t , 
ft. 

1.25 

3.75 

6.42 

Des i gn 

100 
M W 

I .  

Actua l  
P res. 
P, p s i  

44.4 

133.2 

222.0 

-- 

Do, 
ft. 

140 

140 

140 



3.2 I n t e g r a t i o n  and Deployment 

3.2.1 Cold Water Pipe 

a. General 

Recent s tud ies  on the  400 MWe Commercial P l a n t  i n d i c a t e  t h a t  f i l a m e n t  
wound f i b e r g l a s s  r e i n f o r c e d  p l a s t i c  i s  t h e  most f e a s i b l e  m a t e r i a l  f o r  the  
co ld  water pipe. Therefore, t h i s  i s  t h e  m a t e r i a l  se lec ted f o r  t he  CUP f o r  
the  100 MVe Demonstration P la t fo rm.  

There a r e  no e x i s t i n g  f a c i l i t i e s  i n  t h e  U.S. today capable o f  manu- 
f a c t u r i n g  t h e  requ i red  50 f t .  diameter p ipe.  . A new f a b r i c a t i o n  f a c i l  i t y  
must be b u i l t  and t h i s  should be considered i n  t h e  economic e v a l u a t i o n  
o f  t he  CWP. 

T ranspor ta t i on  by t r u c k  o r  r a i l  of  a 50 f t .  diameter by 100 o r  125 f t .  
long s e c t i o n  of p ipe  i s  g e n e r a l l y  impossible, depending on t h e  r o u t e  and 
d is tance.  Water t r a n s p o r t a t i o n  thus appears the  o n l y  f e a s i b l e  method o f  
t r a n s p o r t a t i o n .  The f a b r i c a t o r  must the re fo re  have access t o  water t rans-  
p o r t a t i o n  o r  s e t  up a new f a b r i c a t i n g  f a c i l i t y  near the  land based p la t fo rm 
c o n s t r u c t i o n  s i t e  where t h e  CWP sec t ions  can be fab r i ca ted ,  loaded on a 
barge and t ranspor ted t o  the  opera t i ona l  s i t e  f o r  deployment. 

b. Cold Water Pipe, Spar 

The c o l d  water p ipe  GRP sec t ions  a re  proposed t o  be const ruc ted a t  a 
shoreside f a c i l i t y .  The s e c t i o n  dimensions a r e  100 f t . . l o n g  x 50' I D  x  3.5" 
t h i c k .  Most l i k e l y  a shed w i l l  be constructed near the  water w i t h  the CWP 
mandrel w i t h i n  f o r  sp inn ing t h e  p ip&  . The CWP sec t ions  a r e  t ranspor ted 
on barges t o  the  opera t i ona l  s i t e  and assembled us ing  a drop through 
method through t h e  submersible barge s i m i l a r  t o  t h e  scenar io  used f o r  the  
400 MWe Sphere. 

The submersible barge i s  designed and const ruc ted s p e c i f i c a l l y  f o r  t h e  
task  o f  deploy ing the  CWP. The barge has a 60 f o o t  moon poo l ,  a system of 
h y d r a u l i c  jacks  and the  c a p a b i l i t y  o f  separa t ing  i n  two sec t ions  a long t h e  
length  and su r fac ing  once t h e  CWP i s  connected t o  the  Spar. 

I n  order  t o  connect the  CUP, t h e  barge ho ld ing  the  CWP s t r i n g  i s  sub- 
merged t o  a depth o f  approximately 500 f e e t  and i s  maneuvered below t h e  
p l a t f o r m  by tugs w i t h  l i n e s  t o  t h e  surface. Acoust ica l  and v ideo a ids  
a r e  used t o  f a c i l i t a t e  the  al ignment .process. The barge i s  s low ly  made 
p o s i t i v e l y  buoyant u n t i l  t h e  p ipe '  i s  mated w i t h  the  opening i n  t h e  center  
lower p o r t i o n  o f  t he  Spar. The method o f  permanently connect ing the  CWP 
may be understood by examining MRGS drawing No. 47919 developed f o r  t h e  
400 MWe Spar design. 

The drop through assembly o f  the  CWP i s  performed on t h e  barge a t  the  
opera t i ona l  s i t e  du r ing  the  Phase I I  c o n s t r u c t i o n  o f  t h e  Spar and i s  connected 
t o  the  Spar a t  t he  s t a r t  o f  Phase I I I ,  (see s e c t i o n  3.1). Cons t ruc t i on  and 
deployment costs o f  t he  CWP a r e  est imated i n  s e c t i o n  4.1. 



Cold Water Pipe - Sphere 

The CWP i s  proposed t o  be f i b e r  g lass,  fab r i ca ted  i n  sect ions 50 f t .  
diameter by 100-125 ft. long. 

A f te 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 secti.on through the 60 ft. diameter center we l l  o f  the p la t fo rm by 
a system of jacks simi l a r  t o  the method proposed f o r  the 400 MWe platform. 

Each sec;ion i s  brought. .out t o  the p la t fo rm hy barge, t rans fe r red  by 
wheeled d o l l y  t o  the deck of  the and i n d i v i d u a 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 f t .  o f  
p ipe  i s  deployed. The CWP , s t r i n g  i s  . then connected .to- the-. p la t fo rm by - .. -, 

means o f  the permanent connection i n  the we l l  o r  on deck. .. 
.:.---. - -  .-.-.-_-I___ . .. , _ . . _._ _ - . . . ... . . . .  . . .  : . .- .~.. .. . .- . . - .  .., . .. 

  he handling of  these l a r g e s e c t i o n s ' o f  p i p e a n d  sec t ion  t o  . ' 

sec.t ion w i t h  f a i r l y  c lose tolerances may d . i ~ t a t e  wai t ing.  for r e l a t i v e l y :  ca1.m--. 
:2 ;  I..:*--. =.. . , .. I : .. ' .:. . ~ 

seas f o r  deploying the CWP. ' 

The method of deploying and at tach ing the CWP may be understood by 
examining MRGS drawing No. 47926 developed f o r  the 400 MW. Sphere design. 

3.2.2 OTEC Equipment 

The p r i n c i p a l  components o f  the OTEC p lan t  cons is t  o f :  

V e r t i c a l  Condenser 

Ve r t i ca l  Evaporator 

Demister 

Turbine 

Genera t o r  

The 230 f t .  diameter sphere and 146 f t .  diameter Spar a re  sized 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 ( I  heat exchanger per h u l l  quadrant). . To f i t  2-50 MWe modules 
on the Spar w i l l  requ i re  opening up por t ions  o f  2 o f  the quadrant bulkheads 

. t o  permit  the heat exchanger vapor connections and the turbo-generators t o  
be located i n  the adjacent quadrant. Th is  should present no complicat ions 
i n  compartmentation s ince the quadrant bulkheads a re  designed t o  be non- t ight .  
Four smal l e r  (than 25 MW,) power modules such as 5 MWe, 10 MWe o r  12 & MWe 
should f i t  e i t h e r  p la t fo rm since t hey ' r equ i re  less space and weigh less 
than the 25 MW modules. 

However, add i t i ona l  b a l l a s t  may be required t o  b r i ng  the p la t fo rm t o  
i t s  normal operat ing d r a f t  w i t h  the smaller modules i ns ta l l ed .  The t o t a l  
weight o f  4-25 MWe modules i s  approximately equal t o  the weight o f  2-50 

- .  . . "' s.-.-..-.-y ' ..-- '--. - .- .-'---.-. -.- . C ' - - ; - . - ~ - * - . , r - - - ~ - , - . ~ -  ---.--,--y,r;> .- m p .  -i.-4..,+.- . . .  
.*,....-,.. .... . - . . 
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MWe modules, therefore,  t he re  should be no b a l l a s t  o r  displacement a d j u s t -  # .  ments requ i red  w i t h  e i t h e r  o f  these i n s t a l l a t i o n s .  

One o f  the  bas ic  cons idera t ions  i n  the  c o n s t r u c t i o n  o f  t he  OTEC equip- 
ment i s  t h a t  t he  var ious  items must be capable o f  being l i f t e d  on board the  
p l a t f o r m  by t h e  a v a i l a b l e  cranes. I t  i s  a n t i c i p a t e d  t h a t  t h e  OTEC u n i t s  
must be capable of being broken down i n t o  c rane-s ize  components o r  super 
l i f t  cranes must be u t i l i z e d  i n  the  p la t fo rm c o n s t r u c t i o n  phase. Consider ing 6 the  s c a r c i t y  o f  heavy I if t cranes and the  cos t  o f  r e n t i n g  such equi.pment 
i t  would appear adv isab le  t o  reduce the  requ i red  crane s i z e  by b ~ e a k i n g  
the  u n i t s  i n t o  components o f  reasonable weight.  

A f u r t h e r  cons ide ra t i on  i n  the  design o f ,  OTEC components i s  t h a t  they 
must be broken down i n t o  s izes  capable o f  being shipped by road o r  r a i l  
unless they can be shipped by water,  i n  which case they can t r a v e l  f u l l y  
assembled. 

The d e t a i  I s  o f  OTEC component design d e t a i l s ,  ma te r ia l s ,  e t c .  a r e  no t  
discussed here s ince they a r e  amply covered i n  numerous DOE repor t s .  

3.2.3. p l a t f o r m  s e r v i c e  and support,  Spar and Sphere 

The i n t e g r a t i o n  and deployment o f  t he  OTEC mooring system fa1 1 s  
under the t o p i c  o f  p l a t f o r m  se rv i ce  and support.  I t  has been de- . . - . . . . . 
termined t h a t  a ' p a s s i v e  mooring system utilizing the  h i g h  ho ld ing  
s t reng th  t o  s t a t i c  breaking s t reng th  c a p a b i l i t i e s  o f  t he  ho l low 
c y l i n d r i c a l  l i n k  (HCL) mooring l e g  i s  necessary. A t  one end the  l i n k s  . 

. . 
" ' w i l l  be 'a t tached t o  the  p la t fo rm,  and a t  t he  o t h e r  t o  a d i s c  type, f loodab le ,  

f r e e  f a l l  designed deadweight anchor. Post - tens ion ing o f  t he  p l a t f o r m  
h u l l . a t  t he  l e v e l  where t h e  l i n k s  a r e  at tached i s  des i rab le .  

. . . . . - . . . . I.. . '- .- --.- - -. -- . - .- .. .. . .-. 

The f i r s t  l i n k  attachment t o  the  h u l l  s h a l l  be made d u r i n g  Phase I I  
c o n s t r u c t i o n  a t  t he  p o i n t  i n  t ime when t h e  h u l l  connect ion i s  above the  
water surface. Several o f ' t h e  l i n k s  w i l l  be at tached as the  p l a t f o r m ' s  . 

d r a f t  increases du r ing  cons t ruc t  ion. Th is  i s  accompl ished by barges 
equipped w i t h  h igh  capac i t y  deck winches s ta t i oned  next  t o  the  p la t fo rm.  

When the  p la t fo rms a r e  being towed t o  the  deep water  s i t e  f o r  Phase I l l  
cons t ruc t i on ,  t he  l i n k s  w i l l  be h e l d  a l o f t  by temporary winches located on 
top  of t h e  h u l l .  

Located a t  t he  deep water  ope ra t i ona l  s i t e  w i l l  be the  remainder o f  
t he  mooring system. The l i n k s  the re  have been const ruc ted on land, p laced 
and assembled i n  lengths-on barges f o r  tow o u t  t o  t h e  deep water  s i t e .  The 
buoyant anchors a re  const ruc ted on a d r y  dock, f l o a t e d  o f f  and towed o u t  
w i t h  the  l i n k s .  There, t h e  l i n k s  are connected t o  the  aforementioned l i n k s  
on the  p l a t f o r m  and t o  the  anchors. The anchors a re  sunk one a t  a t ime  
thereby deploy ing t h e  system. 

To v i sua 1 i ze some o f  the  above steps, see MRES draw i ng No. ' s  479 16 
and 47927 developed f o r  t he  400 MWe Spar and Sphere designs. 



I t  i s  estimated t ha t  the drag on the 100 MWe platforms, both Spar and 
Sphere, due t o  wind and cu r ren t  w i l l  be approximately one h a l f  and one t h i r d  
r e s p e c t i v e l y o f  the 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 mooring designs. The 
sources used f o r  determinat ion o f  the same are appl icable.  

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 @hat..lwould normal l y  be required 
f o r  a commercially operated p lan t .  Ttie major systems which w i l l  necess i ta te  
such t e s t i n g  are  as fo l lows:  

; o Heat Exchangers 

o Warm and Cold Water C i rcu la t Iu r l  Systems 

o Cold Water P i p e  

o Turbines and Generators 

o Evaporator and Condenser Discharge 

o Main H u l l  . . 

o Mooring System 

o Ammon ia. system. 

1. Heat Exchangers 

Tests wi  l l be analyzed fo r  deterrrlinat ion o f  performance data on the 
heat exchangers and mois ture  separator t o  v e r i f y  design assumptions. The 

.Arnertap system sha l l  be tes ted f o r  i t s  e f f .ec t  iveness. .. . . - .. - .  
.,. 1 . 8 ' i . '  .. . & .  ., , . " . . . 

2.. warm'  and co ld  ~;ter C i r c u l a t  ion Systems 
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. . .. The warm, water' .- - -  in take screens sha l l  be p e r i o d i c a l l y  checked fo'r corrosion.  
Temperature,-pressure drops-'and ve1 oc i ' t y  through- t'he. screening . . . - . - . . - - . . ' . w i  . . 1 - 1 . - -- be -. . - recorded . .' . -  

Warm and co ld  ha te r  duct"ing must be checked. f o r  corrosion.  ~ i r c u l a t i n g ' p u m p  
performance data sha l l  be analyzed under vary ing operat ing condi t ions.  
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3. Y ~ o l d  water Pipe , , . 
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I n t e rna l  pressures., temperatures and v e l o c i t i e s  sha l l  be '  recorded. The 
motions o f  the p ipe can be studied through use o f  underwater photography. 
Stress concentrat ions a t  the hull/CWP in te r f ace  s h a l l  be watched f o r .  

4. Turbines and Generators 

Actual  tu rb ine  sha f t  power output  and generator power output  sha l l  be 
compared w i t h  design assumptions. 



5. Evaporator and Condenser Discharge E f f e c t s  
. - . - . .  . - -  . 

The e f f e c t  on t h e  warm systems by t h e  c o l d  water d ischarge plume i s  
unknown and warrants i nves t i ga t i on .  The plume w i l l  s i n k  t o  a c e r t a i n  
depth, d isperse and may o r  may n o t , a f f e c t  t he  warm water i n take  temperatures. 

The e f f e c t  on l o c a l  b i o l o g i c a l  l i f e  by the  warm and c o l d  water d i s -  
charge s h a l l  be s tud ied f o r  the  magnitude o f  t h e  environmental impact. 

6. Main H u l l  

Tests on the  e x t e r i o r  h u l l  s h a l l  be conducted t o  observe the  ex ten t  
o f  b i o f o u l i n g  over extended per iods  of t ime. T h i s  would i nvo lve  measure- 
ments o f  growth a t  var ious  l e v e l s  and photographs t o  a i d  t h e  marine b i o l o g i s t  
i n  p repar ing  a r e p o r t  of such. P e r i o d i c  examinat ions o f  the  access ib le  

< 
areas o f  t he  i n t e r i o r  and e x t e r i o r  o f  t he  h u l l  f o r  s t r e s s  concent ra t ions  
and 1 eaks s h a l l  be performed. 

7. Mooring System 

The HCL mooring legs w i l l  r e q u i r e  ~ h e c k i n g  i l i a  submersibles and cameras 
f o r  poss ib le  defec ts .  

8. Ammonia Systenj 

- Pressure, temperatures, t he  p o s s i b i l i t y  o f  leaks and chemical 
i m p u r i t i e s  s h a l l  be c o n s i s t e n t l y  moni tored a t  va r ious  l o c a t i o n s  i n  t h e  

' ., sys tern. , . .  
. . .-. - . - . . -- . . . - - - , . . - - . . . . . _ :_._ ,_. . \. -' 
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3 . 4 . 1  Normal Operat ion, spar and sphere 

a. Personnel and Work Schedu1.e~. - .  - '  . . .. . . 

The opera t i ng  personnel aboard the  OTEC p l a t f o r m  s h a l l  c o n s i s t  o f  t h r e e  
d i s t i n c t  groups, as fo l l ows :  

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  opera t ion ,  
ana lys i s ,  and maintenance o f  a l l  OTEC equipment on t h e  p la t fo rm.  

2. The P l a t f o r m  crew which would be respons i 'b le  f o r  opera t  ion  and 
maintenance o f  t he  p la t fo rm,  and support  o f  t h e  OTEC crew, as 
requ i red .  

3. The c a t e r i n g  s ta f f , ,wh ich  would be respons ib le  f o r  p r e p a r a t i o n  
and d i s t r i b u t i o n  o f  food, and f o r  h o t e l  serv ices  such as c lean ing  
o f  f a c i l i t i e s  and laundry. Th is  s t a f f  would be cont rac ted on a 
per-madper-day r a t e  from a c a t e r i n g  serv ice .  

P l a t f o r m  work schedules a re  assumed t o  be s i m i l a r  t o  c u r r e n t  d r i l l i n g  
r i g  p rac t i ces .  These p r a c t i c e s ,  would employ personnel on t h e  bas is  o f  a 

%ne week on-one week o f f u  t ype  schedule. The work ing day would be d i v i d e d  
i n t o  two 12-hour s h i f t s  f o r  t he  p l a t f o r m  crew and c a t e r i n g  s t a f f .  Th i s  s h a l l  
be extended t o  a 13-hour day f o r  t he  watch personnel t o  a l l o w  f o r  adequate 
t r a n s i t i o n  t ime du r ing  s h i f t  changes. . " 2- . . .  . , .  . . _ . _  .. . _ . .  . - 7 . -  . 



b. Support Vehicles 

Three types o f  veh ic les  can be expected t o  i n t e r f ace  w i t h  the OTEC p l a t -  
form t o  f a c i  1 i t a t e  i t s  loca l  and t ranspor t  operations. 

1. Hel icopters  

Current scenarios genera l ly  inc lude he l i cop te rs  ranging i n  s i z e  up t o  
50,000 lbs .  f o r  such du t ies  as personnel t ransfer ,  V I P  shut t les , .mai l  and 
hard copy data t rans fe r ,  a i rborne mission support, rap id  de l i ve r y  of small 
suppl ies  and medical evacuation. 

2. Boats 

Various types o f  boats w i  11 be expected t o  in ter face w i t h  the p la t fo rm 
dur ing i t s  lift= c.ycle. 

o Crew Boats ...~-,-.,.- and Supp.1~ Boats 

The pe r i od i c  res tock ing of expendables such as food and o f f i c e  
supplies; and the removal o f  waste end products from the p l a t -  
form a t  regu lar  i n t e r v a l s  would be performed by these vessels. 
Landings would be common and frequent, i n  a l l  l i k e l i h o o d  
occurr ing a t  i n t e r va l s  o f  a week o r  less. Boat s izes o f  50-100 
ft. a re  envisioned. 

o Launches and Whaleboats 

These smaller boats would be used f o r  d i ve r  support and i n -  
spect ion a t  random i n te r va l s .  I t  i s  an t i c ipa ted  t ha t  the 
p. latform would have f a c i ' l i t i e s  t o  store,  supply and handle 

. . . -  a t  l eas t  one b o a t . o f , t h i s  type asslgn'ad. to i t i  

'o Workboats and Barges 

I n  the event t h a t  major repa i rs  o r  maintenance could not  be 
performed by f a c i l i t i e s  on the p la t form,  workboats o r  barges 
would probably serve as support vessels f o r  the dura t ion  o f  
the operat ion.  I t  i s  an t i c ipa ted  t ha t  deployment, s ta r tup ,  
major repa i rs ,  r e f i t t i n g ,  and o ther  operat ions.o f  a s i m i l a r  
scale would be handled i n  t h i s  manner. These vessels would 
not  be expected t o  phys i ca l l y  dock w i t h  the p la t fo rm as 
w ~ u l d  be the case w i t h  the launches and crew/supyly boats. 

3. Submersibles 

' 

The subject  o f  var ious forms o f  underwater support was covered exten- 
s i v e l y  i n  MRdS Report 5132-3, "Results o f  Task 3, Technology Review" (9 ) .  

4. Supply Hand1 i n 9  

Movement o f  suppl ies from the po in t  o f  onloading i n t o  storage and from 
storage t o  t h e i r  f i n a l  po in t  o f  use i s  a necessary f unc t i on  f o r  smooth opera- 
t i o n  o f  the plat form. The fo l low ing  equipment should be considered t o  
accomplish t h i s  task: 

-26- 



o Crane f o r  o v e r s i d e  and on-deck hand1 i'ng 

o .Pal l e t  t 'rucks 

o Hand t r u c k s  

o Monorai 1 (overhead) and/or p o r t a b l e  conveyor system 

o E leva to rs  and'dumbwaiters - __ __ 
o Fuel t r a n s f e r  system 

3.4.2 Maintenance Procedures, Spar and Sphere 

Routine maintenance i s  the  du ty  o f  t h e  OTEC crew. These d u t i e s  inc lude,  
bu t  a re  no t  l i m i t e d  to ,  d a i l y . p o l i c i n g  o f  t h e  p l a n t ,  c lean ing,  l ub r i ca t i on . ,  
maintenance o f  working f l u i d  l e v e l s ,  r o u t i n e  r e p a i r  and replacement, and 
s i m i l a r  d u t i e s .  Most equipment o f  t he  p l a t f o r m  i s  expected t o  have a p e r i o d i c  
maintenance schedule which would be performed by the  crew. 

i 

A t r a n s i e n t  work f o r c e  would be a v a i l a b l e  t o  t h e  OTEC p l a t f o r m  f o r  any 
d u t y  t h e  crew i s  no t  ab le  t o  handle. T h i s  fo rces  d u t i e s  would i nc lude  major 
casua l t y  repa i r s .  Major p a i n t i n g ,  coat ing,  b i o f o u l a n t  removal, and inspec- 
t i o n  tasks could be assigned e i t h e r  t o  the  p l a t f o r m  crew o r  the  t r a n s i e n t s .  
I n  t h e  event t h a t  major r e p a i r s  o r  maintenance cou ld  be performed by 
f a c i l i t i e s  on t h e  p la t fo rm,  workboats o r  barges would probably serve as 
support vessels du r ing  t h e  operat ion.  

For the  seawater system, c o r r o s i o n  c o n t r o l  t o  extend heat  exchanger 
tube l i f e  i s  accomplished by use o f  t h e  Amertap system. As a r u l e  o f  
thumb, use a 10% r a t i o  o f  b a l l s  t o  number o f  tubes. The e f f e c t i v e  l i f e  o f  
t he  b a l l  i-s one month. 

3.4; 3 Manning f o r  .Phases, Spar and Sphere 

As the  Phase I l l  c o n s t r u c t i o n  o f  t he  OTEC p l a t f o r m  nears complet ion, 
t h e  OTEC personnel w i l l  g r a d u a l l y  be f a m i l i a r i z e d  w i t h  t h e  p l a t f o r m  and OTEC 
equipment, and w i l l  have t o  be t r a i n e d  accord ing ly .  As i s  common w i t h  s h i p  
cons t ruc t i on ,  t h e  Master and Ch ie f  Engineer w i l l  w ish t o  f a m i l i a r i z e  them- 
selves i n  d e t a i l  w i t h  t h e  OTEC p l a t f o r m  and p l a n t  subsequent t o  s t a r t - u p  
operat ions.  The remainder o f  t he  a d m i n i s t r a t i v e  s t a f f  w i l l  be b r i e f e d  by 
t h e i r  aforementioned super io rs  and w i l l  r e q u i r e  t ime f o r  f a m i l i a r i z a t i o n .  
I t  i s  envis ioned t h a t  t h e  c o n s t r u c t i o n  crew and engineers who have been 
respons ib le  f o r  superv i s ing  and des ign ing t h e  OTEC f a c i l i t y  w i l l  g r a d u a l l y  
t r a i n  t h e  p l a t f o r m  c o n t r o l  and maintenance, and the  OTEC c o n t r o l  ope ra t i ng  
crews f o r  eventual f a c i l i t y  takeover. The h o t e l  s t a f f  w i l l  r e q u i r e  o n l y  
" l a s t  minute" f a m i l i a r i z a t i o n  i n  order  t o  per form t h e i r  p rescr ibed du t ies .  
I t  can be seen from t h e  o r g a n i z a t i o n  char t ,  F igu re  3.4.1, t h a t  a b a s i c  
OTEC crew f o r  a normal ly  arranged 100 MWe p l a t f o r m  would have approximately 
36 members. Using c u r r e n t  d r i  1 1  ing  i ndus t ry  p r a c t i c e s  o f  2 watches per 
day, t he  crew would d i v i d e  i n t o  a day watch o f  25 p l u s  a n i g h t  watch o f  11. 
A l l ow ing  f o r  12 t r a n s i e n t s ,  accommodations and f a c i l i t i e s  would be needed 
f o r  a t o t a l  o f  48 people. The f o l l o w i n g  summary c l a r i f i e s  t h e  o r g a n i z a t i o n  
o f  t he  OTEC crew: 



a. ~ d m i n i s t r a t  i ve  and Command 

The admin is t ra t i ve  s t a f f  cons is ts  o f  those persons responsible fo r  the 
o v e r a l l  operat ion o f  the p la t form.  The proposed admin is t ra t i ve  s t a f f  appears 
i n  F igure 5. T i t l e s  f o l l o w  d r i l l i n g  indust ry  pract ice .  As "executives", 
these pos i t i ons  a re  p r i m a r i l y  on the day watch. 

b. P la t form Control and Maintenance 

Th is  group i s  p r i m a r i l y  i n  con t ro l  o f  the p la t fo rm machinery, although 
i t s  serv ices would be ava i l ab le  t o  the OTEC power p l a n t  operat ions a t  any 
time. Equal personnel l eve l s  ace assigned t o  each watch. See Figure 5 .  

c. OTEC (Power ~ o d u l e )  Con t ro l  ---- 

The operat ion and rou t i ne  maintenance o f  the OTEC power p l an t  i s  l a rge l y  
i n  the  hands o f  t h i s  group, as i t  appears i n  F igure.5 .  As'shown there, a 
group i s  ab le  t o  operate a  maximum o f .  20 t o  30 power modules, depending on 
the arrangement o f  the modules w i t h i n  the h u l l  o r  h u l l s .  Addi t iona l  groups 

. would be required f o r  la rger  p lants .  

d. The Hotel S t a f f  (caterers)  

While ca te r ing  serv ices may i n  most l i k e l i h o o d  be contracted ou t  t o  
an independent ca te r ing  company, an est imate o f  the s t a f f  s i ze  i s  included 
i n  F igure  5:. 

I n  add i t ion,  personnel w i l l  be required f o r  the t ranspor t  operat ions 
mentioned i n  sect ion 3.4.1. 

3.4.4 Contingency Plan; Spar and Sphere 

I n  severe weather condi t ions i t  has been proposed t o  submerge the OTEC 
p la t forms approximately 20 f t .  lower than the normal operat ing condi t ion.  
This w i l l  r e s u l t  i n  easing the p la t fo rm heave motions expected due t o  
g rea te r  wave heights and corresponding frequency exc i t a t i on .  I t  i s  est imated 
t h a t  lowering the p la t forms under severe weather condi t ions w i l l  he lp  keep 
the warm water f l ow  a t  the normal design rates.  Otherwise an unspecif ied 
o v e r a l l  e f f i c i e n c y  loss o f  the p l an t  may occur. A de ta i l ed  study of the 
e f fec ts  on water [flow ra tes  due t o  the p la t form -- m~lo_ns_-and-waye-ac_t_ ion 
has ye t  t o  be performed. 

The power modules are  designed t o  operate independently of one another. 
Therefore, the breakdown o f  one 25 MWe u n i t  w i l l  r e s u l t  i n  a  25% output  
power loss u n t i l  r epa i r s  a re  made. 

I n  the  case o f  r epa i r  which resu l ted  i n  the replacement o f  a  major 
component, the p lan ts  would have t o  be shutdown and the p la t forms surfaced. 
The Sphere has the necessary hatches. in terna1 monorail and gantry crane f o r  
such an 'operat  ion. The Spar has a  40 f o o t  I D  access we1 1 throughout i t s  
depth, i nterna l  monorai 1  and gantry crane t o  f a c i  1  i t a t e  major repai  r opera- 
t ions. 



3.5 Schedule and Major Milestones 

The construct  ion per iod f o r  the main h u l l  and supers t ruc ture  a re  est imated 
i n  the Appendix. 

The const ruct ion o f  both the Spar and the Sphere p la t forms i s  assumed 
t o  comprise 3 'separate phrases: 

Phase I - Construct ion o f  the lower po r t i on  a t  the shore const ruct ion 
f a c i  1 i t y .  

Phase I I  - Fur ther  const ruct ion and i n i t i a l  i n s t a l l a t i o n  and o u t f i t t i n g  
a t  an intermediate o f f shore  l oca t i on  as c lose to ' shore  as possib le.  

Phase I l l  - Completion o f  cons t ruc t ion  and f i n a l  o u t f i t t i n g  a t  the 
OTEC operat ion s  i te. 

The most o p t i m i s t i c  const ruct ion per iod  f o r  the-Spar-i-s--l-1/3-y_eaar~ . 

wh i le  f o r  the Sphere i t  i s  1 year. These periods''do _ _  not  a1 low _ _  _ _. t ime _ f o r  _. f l o a t  A .....: 
ou t  o f  the p a r t i a l l y  completed s t ruc tu res  from the shoreside const ruct ion _ 
s i t e  nor t ime t o  tow the plat forms t o  the operat ional  site,, nor  _ _  deve1opmen.t .: 
time. These should be added 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  const ruct ion.  

The schedule, Figure 4 ,  shows the proposed R&D, Design and In tegra t ion ,  
Test and Evaluat ion and Operational elements o f  the OTEC Demonstration 
P lant  . 





ADMl NlSTRATlVE 
1 MASTER (D) 
1 1ST MATE (D) 
1 2ND MATE (N) 
1 M E D I C ~ A F E T Y  

ENGl NEER ( D) 
1 CHlEF ENGR (D) 
2 WATCH S-UPERVISOR/ 

RADIO :& NAV (D8N) 

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

OTEC ORGANIZATION 
CHART 

3 DIVERBECK HAND (D) 
3 ROUSTABOUT (D) 

12 TOTAL (9D, 3N) 

I 

PER ADDITIONAL 20-30 POWER 

, FIGURE . 5  



4.0 Demonstrat ion o f  U n i t  Management P lan 

Engineer ing Cost Est imates 

Approach Used i n  Cost Es t  h a t e s  

The c o s t  est imates as requested i n  : [ ) I ,  a r e  t o  f o l  low the  standardized WBS 
f o r  t h e  OTEC p l a n t s .  A d i scuss ion  o f  s p e c i f i c  WBS items i s  g i ven  below fo l lowed 
by a statement o f  bas ic  assumptions made i n  a r r i v i n g  a t  t he  c o s t  est imates f o r  
major  WBS items and a d e s c r i p t i o n  o f  the  approach used i n  es t ima t ing  cos ts .  

2.1 work Breakdown S t r u c t u r e  

The systems f o r  which c o s t  est imates a r e  requ i red  by the  p l a t f o r m  contrac-  
t o r s  a r e  the  fo!!owinq; 

1 .O: P l a t f o r m  System ( 1  .i t h r u  1.8) 

2.0: Cold Water P ipe system '(2:l t h r u  2.5) 

5.0: S'ystem Engineer ing and l n t e g r a t i o n  (5.1, t h r u  5.2) 

6.0: System Tes t  and Eva lua t ion  (6.1 t h r u  6.3) 

7.0: Opera t iona l  Support (7.1 t h r u  7.6) 

8.0: Deployment Systems and Serv ices , 

9.0: I n d u s t r i a l  F a c i l i t i e s  

10.0: Environmental,  Legal,  L icens ing,  
Regulatory, and Insurance 

11.0: P r o j e c t  Management (11.1 t h r u  11.6) 

Power systems costs,  I tem 3.0 o f  t he  WBS, a r e  no t  t o  be addressed by the  
p l a t f o r m  con t rac to rs ,  nor  a r e  t h e  energy t rans fe r  systems costs.  However, t he  
cos t  o f  i n s t a l l i n g  t h e  power systems equipment on the  p l a t f o r m  a r e  in.cluded i n  
MR&S c o s t  est imates.  . . . . . , . 

S i m i l a r l y ,  f o r  t h e  energy t r a n s f e r  systems, t h e  i n s t a l l a t i o n  o f  t h e  e l e c t r i -  
c a l  t ransmiss ion  system in te r face , - i . e .  t h e  power lcond i t ion ing  equipment, w i t h  
the hu 11, . i s  included. . .. 

The cos ts  f o r  a l l  o f  t h e  above WBS items a re  based on the  conceptual designs 
developed by MR&S f o r  t he  two p la t fo rms.  / 



Costs f o r  systems i n t e g r a t i o n  a r e  based on the  conceptual design and on the  
c o n s t r u c t i o n  and deployment sequence as w e l l  as on the  opera t i ng  scenar io.  

The deployment cos ts  f o r  t he  c o l d  water p ipe  and t h e  p l a t f o r m  h u l l  a r e  a l s o  
developed on t h e  bas is  o f  t he  conceptual design. They r e f l e c t  t he  cos ts  f o r  
t he  West Coast o f  F l o r i d a  s i t e  which i s  base l i ne  s i t e  assigned t o  MRES. 

I n d u s t r i a l  f a c i  1 i t  ies  cos ts  ( i  tern 9 o f  the  WBS) a r e  analyzed i n  the  1 i g h t  
o f  t he  c o n s t r u c t i o n  methodology developed f o r  t he  two p la t fo rms .  

A l l  o t h e r  q u a n t i t a t i v e  and q u a l i t a t i v e  assumptions f o r  the  Engineer ing 
Cost Est imates may be found i n  Vol.  I I ,  Sect ion  7.0. 



4.1.2 Engineering Cost Estimates, Spar 

($000) 
Cost - 

,118,969 

WBS No. 

1 .o 
1.1 

,I tem 

Rl atform Systems Total 

.Plat6orm In tegra t ion  
Engineering 

Hull & St ruc ture  

Posi t ion Control Sys. 

Platform Service Systems 

O u t f i t  & Fl~rni  <h i  ngs 

Assembly Support Sys. 

Sea Water Systems 

Biofoul ing & Corrosion 
Control 

Cold Water Pipe System Total 

CWP System Design & 
Integrat ion 

P ipe Sections 

I n l e t  & Screens 

CWP To Hull Transi t ion 

CWP Biofouling & 
Corrosion Control 

CWP. Mooring & Flo ta t ion  

Tota 1 

Energy Transfer Sys tem 
(Ry Others) Total 

System Engineering 
Integrat ion Tota 1 

System Design & Analysis 

5.2 System In tegra t ion  11,000 

6.0 System Test  & Evaluation 1,500 

6.1 Test  Planning 500 

Total  on-Reulrr i n g  

Table 2 



.WBS NO. 
($OOD> 
Cost 

6.2 Specia l  Test  Fac.il . 1,000, (Non-Recurring) 

6:3 Independent Test  & 
Evaluation 1,000 Yr 

.Operational Support 5,322 Total  

7.1 Spare Pa r t s  3,622 1 , 8 1 1 / ~  

827 7.2 ~ x ~ e n d a b l e  M t l s  . yr:: 

7.3  'Pecuxiar Support Equip. 328 Yr 

7.4 Common Support Equip. '-: 2 64 . y r  . 

7.5 Personnel 1,200 

7 .6  Technical Manuals SO0 (Non-Recurring) . . 

Deployment Systems & 
Services  3,419 Total  

I ndus t r i a l  F a c i l i t i e s  1,689 Total  

Environmental, Legal, 
Licensing, Reg., & Insur .  500 Total  

Pro j e c t  Management 10,890 Total  

11.1 . Planning, Budgeting E 4,000 
::Control 

11.2 Data Management 1,200 

11.3 Configuration Management 1,600 

11.4 Quali ty Assurance 800 

11.5 Contract Management 1,600 

11.6 Financia l  Management 1,600 

Table 2 Continued 



4.1.3 Engineering Cost Estimates, Sphere 

WBS No. 

Platform Systems 106,306 T o t a l  

1.1 - Platform Integra- 
t ion  Engineering 7 50 

1 . 2  Hull & St ruc ture  32,447 

1 . 3  Posit ion Control sy s .  15,621 

1 .4  Platform se rv i ce  
Sys tems 

1 . 5  Ou.Lf 'l' h & F u r n i  shl  ngs 

1.6 Assembly Support Sys. , 7,315 

1 . 7  Sea Water Sys terns 33,780 

1 . 8  Biofouling & Corrosion 
Control 1.,771 

2.0 Cold Water Pipe System : 27,927 T o t a l  

2 . 1  CWP System Design & 
Integrat ion 

2.2. Pipe Sections 

2 . 3  In1 e t  &. Screens 225 

2.4 CWP To Hull Transi t ion 277, 

2 . 5  CWP Biofouling & 
Corrosion Control 

2 . 6  CWP ~ o o r i n g  & Flota t ion 

3.0 Power Systems (By .Others) 100,000 . T o t a l  
/ ' .  

Energy   ran sf er Systems 
(By Others) 4,750 

. . 
T o t a l  

System Engineering 
Integrat ion 1'3,000 ' I 'o ta l  

5 . 1  Sy.stem Design & Analysis. 2,000 

Table 3 



(.$OOO) 
Cost 

11,000 

WBS No. 

6.0 

I tem 

System I n t e g r a t i o n  

System Test & 
Evaluat ion 1,500 ' Total  

Test Planning 

Special Test  Fac i l .  1 ,000 (Non-Recurring) . . 

Independent Test & 
Eva1 ua t i on  

Operat ional Support 11,841 To ta l  

3,622 Per y r  1,811 

827 Per , y r  

328 Per yr 

264 P e r  yr 

1 ,.200 (Non-Recurr ing) 

500 & 

Spare Par ts  

Expendable M t l  s . 
Pecu l ia r  Support Equipt.  

Common Support Equipt.  

Personnel 

Technical Manuals 

Personnel Per yr 

Deployment Systems & 
Services . 3,352 Tota l  

1.689 Tota l  Industrial F a c i l i t i e s  

Environmental , Legal 
Licensing, Reg., & Insu r .  500 Tota l  $97 /y r  

10,800 '; 'Total Pro jec t  Management 

P l  annlng , Budget-i rig & 
Contro l  

Data Management 

Conf igura t ion Management 

Qua1 i t y  Assurance 

Contract  Management 

Table 3 Continued 



NBS No. 

11.6 

I tem 

F inanc ia l  Management 

($0001 
Cost 

Table 3 



4.2 Schedule o f  Expenditures 

Table. 4 presents the  p ro jec ted  est imated cash f l o w  f o r  the  100 MWe Spar 
Demonstration Plant;k in :1978 d o l l a r s .  . 

The va r ious  elements adhere t o  the  Work Breakdown S t r u c t u r e  used i n  
es t ima t ing  the  400 MWe Commercial P l a n t  Costs. 

The bas is -  f o r  t he  c o s t  a l l o c a t i o n  developed i n  t h e  Schedule o f  
Expenditures i s  the  Schedule, f i g u r e  3. 

F ine r  adjustment o f  t h e  a l l o c a t e d  expendi tures might  g i v e  s l i g h t l y  d i f -  
f e r e n t  r e s u l t s  f o r  any one o r  more years, b u t  t h e  o v e r a l l  t o t a l  expendi tures 
would remain as presented here in .  

*Due the  apparent s i m i l a r i t i e s  between t h e  Spar and Sphere 
c o n s t r u c t i o n  scenario, t he  Schedule o f  Expendi tures has 
been developed f o r  the  Spar on ly .  
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TABLE 5 

SPAR ACQUISTTION COST BREAKDOWN 

-- 

COST ITEM APPLICABLE WBS NO. COST ($000) 

H 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 
Deployment 8.0 3,419 
Engineer ing D e s i g n &  In te-  1.1, 2.1, 5.0, 6.0  art), 
gra t i on ,  T&E 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  Test F a c i l i t i e s  6.2 1 ,000 

ANNUAL OPERATING COSTS 

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

7.5 
10.0 ( p a r t )  
11.6 (pa r t )  

Independent T&E $1,000 
spare Par t s  1,811 
Expendable Mater.ia1 s 827 
Pecul i a r  Support Equi pment 328 
 omi ion Support Equipment 264 
Personnel 5,100 
:.I nsurance 97 
Management -200. . . .  , 



TABLE 6 

SPHERE ACQUISITION COST BREAKDOWN 

COST ITEM APPLICABLE WBS NO. COST ($000) 

H u l l ,  O u t f i t ,  CWPEMachy. 1.2-1.8, 2.2-2.4, 3.0, 4.0 $230,148 
Cons t ruc t i on  S i t e  1.6 7,315 
Deployment 8. 0 3,352 
Engineer ing Design fi I n t e -  1.1, 2.1, 5.0, 6.0 ( p a r t ) ,  
g r a t i o n ,  TEE 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  l e s t  Facilities 6 , 2  1 ,000 

ANNUAL OPERATING COSTS 

- -- 

. . WBS' NO. T l TLE ANNUAL COST ($000) 

. 6.3 
7.1 ( p a r t )  
7.2 . .  

7.3 
7.4 
'7-5 . , 

10.0 ( p a r t )  
11.6  art) 

l ndependen t TGE 
Spare Par t s  
Expendable M a t e r i a l s  
P e c u l i a r  Support Equipment 
Common Support Equipment 
Personnel 
l nsurance 
Management 



SECTION 5.0 
SUMMARY AND CONCLUSIONS 

The Spar and Sphere o f f s h o r e  p la t fo rms  a r e  f e a s i b l e  c o n c e p t s ~ f o r  the  demonstra- 
t i o n  o f  a near ful .1 s i z e  OTEC p- lant  t o  determine i t s  v a l i d i t y  and t o  gather  data 
f o r  use i n  the  cons t ruc t i on ,  designand.operat ion o f  commercial OTEC p l a n t s .  A 
h u l l  s i z e  s u i t a b l e  t o  support a 100 MWe net  ou tpu t  p l a n t  was chosen. E i t h e r  50, 
25 o r  12.5 MWe power.modules cou ld  be used. 

Se lec t i on  o f  50 MWe modules would permi t  t he  t e s t i n g  o f  equipment recommended- .. 
f o r  the commercial p l a n t .  The use o f  25 MWe modules would permi t  op t imal  h u l l  
vo l~ume~.u t~ i? l i ~za t i on .  The s i z e  h u l l  s e l e c t e d f o r - b o t h  p la t fo rms  represents a rea- 
sonable increase above t h e  p i l o t  p l a n t ,  p r o v i d i n g  design and constructbon problems 
s i m i l a r  t o  those t h a t  may be found i n  a h u l l  s i z e  commercial p l a n t .  

S ince the h u l l  s i z e  i s  s u b s t a n t i a l l y  smal le r  than the  p ro jec ted  commercial 
p l a n t  s ize,  the  poss ib i1 i t . y  o f  c o n s t r u c t i n g  the  vessel o f  stee1was:presented. How- 
ever, i t  i s  a l ready determined (Task 5) t h a t  t h e  f u l l  s i z e  h u l l  s h a l l  be const ruc ted 
p r i n c i p a l l y  o f  r e i n f o r c e d  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  
bo th  c o n s t r u c t i o n  techniques and opera t ion ,  concrete was chosen f o r  the  demonstra- 
t i o n  p l a n t .  The supers t ruc tu re  o f  t h e  sphere i s  a l l  s t e e l  a n d ' f o r  t h e  spar, con- 
c r e t e  w i t h  a s t e e l  deckhouse. The c o l d  water p i p e  f o r  bo th  p la t fo rms  i s  f i b e r g l a s s .  

- - .. - - - - .- . , , , . . - . , . - -. . -- - - - - ... . - 
Cons'truct ion o f  t h e  hul.1 an'd i n s t a l l a t i o n  o f  a l l  equipment i s  proposed t o  take 

p lace i n  th ree  seqarat.e phases a t . t h r e e  d i f f e r e n t ' s i t e s . .  The o v e r a l l  p lan  

1. A shoreside c o n s t r u c t i o n  s i t e  

--A-n ofP-'.' . . . . - -  " . . . -  - - -  -. - ..- - . - - - .  
shore s i t e  i n  s u f f i c i e n t  water depth Go complete the  h u l l  e r e c t i o n  and 

3. I n s t a l l a t i o n  o f  t h e  c o l d  water  p ipe  a t  the  demonstrat ion s i t e .  The methods o f  
cons t ruc t i on ,  towing, m a t e r i a l  supply, equipment i n s t a l l a t i o n  and deployment 
o f  c o l d  water p ipe,  o u t l i n e d  here, a re  no t  new and a r e  i n  most instances q u i t e  
convent ional  i n  o f f s h o r e  cons t ruc t i on .  
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Appendix A. 

Displacements, Weights, Stabi 1 l t y  

Sphere and Spar 

















Appendix B. 

Construct ion Time 

Sphere and Spar 





, k. Rosenblatt & Son, Inc NO. 

DESIGN CALCULATION SHEET Sh..f $7 of 

Subled ~ O ! S  7/4uL 7/04 TINS - 
ship -kfnl b 7eC - /60 Mu/ h P ? E  P-P r P!TF4/&/Y 

SecHon Prepared by Date 4~1fL-7f Checked Reviewed 

as; iw 
&NCPE~& /NH&A/ AWLL - .73,4 77 1 . 7 0 ~ s  ed/= , / P 7 Y  
,ro / / o w 2 7  = bxoL= / X L , T / C U , ~ ~ ,  




