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1.0 INTRODUCTION 

As the  OTEC Program proceeds towards commercia l izat ion,  t h e  emphasis 

i s  changing f rom - t h e  a n a l y t i c a l ' t o  t h e  experimental  stage. Along w i t h  a  

m u l t i t u d e  o f  t e s t s  bo th  . in t he  l a b o r a t o r y  and a t  sea, i s  t he  i n i t i a l  

assessment o f  t h e  requirements which w i l l  be needed t o  c o n s t r u c t  and deploy a 

commercial s i z e  OTEC ~ l a n t . ~  As a  p a r t  o f  t h i s  assessment, Lowry & Hoffmann 

Associates Inc .  (LHA) performed f o r  OR1 an ana lys i s  o f  t h e  s h i p b u i l d i n g  

requirements f o r  c o n s t r u c t i n g  an OTEC p l a n t ,  and the  a v a i l  ab le  sh ipyard  assets 

which cou ld  f u l f i l l  these requirements. I n  add i t i on ,  severa l  sh ipyards were 

quer ied concerning t h e i r  a t t i t u d e s  towards OTEC. The r e s u l t s  of t h i s  

s h i p b u i l d i n g  study were presented i n  a  Lowry & Hoffmann Associates Inc .  

repo r t1  t o  O R I . *  Th is  ana lys i s  was based on LHA1s ex tens ive  experience, 

i n c l u d i n g ' a  recent  Mar i t ime  A d m i n i s t r a t i o n  (MarAd) s tudy  o f  sh ipyards.  2 

I n  assessing t h e  s h i p b u i l d i n g  requi rements f o r  an OTEC p l a n t ,  four  

d i f f e r e n t  p l a t f o r m  c o n f i g u r a t i o n s  were s tud ied  and f o u r  d i f f e r e n t  designs of , 

t h e  c o l d  water p ipe  (CWP) were examined. The p la t fo rms  were: a  concre te  sh ip  

design proposed by ~ o c k h e e d ~ ;  concre te  spar designs w i t h  i n t e r n a l  heat  

exchangers ( IHE) (Rosenb la t t4 )  and ex te rna l  heat  exchangers (XHE) 
3 (Lockheed ) ;  and a ' s t e e l  s h i p  design 'proposed by  Gibbs & cox5. The types 

of m a t e r i a l s  examined f o r  CWP c o n s t r u c t i o n  s t e e l ,  f i b e r  r e i n f o r c e d  

p l a s t i c  (FRP), elastomer, and concrete.  

Th is  t e c h n i c a l  r e p o r t  p rov ides  a1 1  t h e  i n f o r m a t i o n  developed f rom the  

/ LHA study  bu t  de le tes  t h e  p l a t f o r m  and CWP design d e s c r i p t i o n s  which may be 

obta ined from t h e  p e r t i n e n t  references.   he r e p o r t  i s  organized i n t o  th ree  

major d iscuss ion  areas. I n  Sect ion  2.0, a l l  t h e  c o n s t r u c t i o n  requirements are 

synthesized fo r  t he  f o u r  p l 'a t forms and CWPs, and general comments are made 

concerning t h e i r  a v a i l a b i l i t y  i n  t h e  U.S. S p e c i f i c  s h i p b u i l d e r s  f a c i l i t i e s  

a re  reviewed i n  Sect ion  3.0 f o r  t h e i r  a p p l i c a b i l i t y  t o  b u i l d i n g  an OTEC 

p l a n t .  I n  Sect ion  4.0, an assessment o f  t h e  shipyards general  i n t e r e s t  i n  t he  

OTEC program i s  presented p r o v i d i n g  an i n s i g h t  i n t o  t h e i r  nearterm commercial 

* A l l  re fe rences i n c l u d i n g  those which d e f i n e  t h e  p l a t f o r m  and CWP designs,-are 

l i s t e d  a t  the  end o f  t h i s  r e p o r t .  



out look ,  The method o f  de termin ing  t h i s  i n t e r e s t  w i l l  depend l a r g e l y  on a 
r i s k  ana lys i s  o f  the  OTEC system. Also inc luded i n  t h i s  sec t i on  are fac to rs  

which may comprise t h i s  ana lys is ,  and a  methodology t o  a s c e r t a i n  the  r i s k .  I n  

t he  appendices, var ious  sh ipyard  s p e c i f i c a t i o n s  are  presented (A),  sh ipyard 

assessment mat r ices  are g iven ( B )  graphs o f  var ious  'sh ipyard economic ou t  looks 

are Provided (C) and d e f i n i t i o n s  of t h e  r i s k  f a c t o r s  are l i s t e d  (D). 

2.0 SHIPYARD REQUIREMENTS 

I n  t h i s  sect ion,  t h e  f o u r  p la t fo rm and CWP c o n s t r u c t i o n  requirements 

w i l l  be I d e n t i f i e d ,  i n d i c a t i n g  those aspects t h a t  w i l l  r e q u i r e  new o r  unique 

c a p a b i l i t i e s .  

2.1 P la t fo rms 

The p la t fo rm types are; a  concrete sh ip  w i t h  e x t e r n a l  heat  exchangers 

(XHE), concrete spar designs w i t h  i n t e r n a l  heat  exchangers ( IHE) and w i t h  

ex te rna l  heat  exchangers (XHE), and a  s t e e l  s h i p  w i t h  e i t h e r  IHE o r  XHE. 

2.1.1 Concrete Ship 

I n  the  d iscuss ion  o f  t h e  c o n s t r u c t i o n  requi rements f o r  t h e  concre te  

ship,  two types o f  concre te  and two d i f f e r e n t  c o n s t r u c t i o n  techniques were 

assessed. The types o f  concre te  were 1 i g h t  weight  concre te  ( lwc :  1.88 

~ g / m 3  - 115 l b s l f t 3 )  and normal weight  concre te  (nwc: 2.55 ~ ~ 1 1 - n ~  - 156 

l b s / f t 3 ) .  The c o n s t r u c t i o n  techniques were: Method 1, t o  b u i l d  t h e  sh ip  

f rom the  kee l  t o  t h e  main deck, u p r i g h t ,  and Method 2, t o  b u i l d  t h e  sh ip  

upside down, s t a r t i n g  w i t h  t h e  main deck. Method 2  would r e q u i r e  a  deep water 

s i t e  t o  t u r n  t h e  sh ip  over  p r i o r  t o  c o n s t r u c t i o n  o f  t h e  supers t ruc ture ,  b u t  

would reduce the  depth requi rement  f o r  t h e  g rav ing  dock and access channels. 

Regardless o f  t h e  t ype  o f  concre te  o r  c o n s t r u c t i o n  method, work ing w i t h  

concrete on a  commercial s i z e  OTEC s h i p  (displacement-258,000 MT) has never 

been attempted and no U.S. s h i p b u i l d i n g  f a c i l i t y  can c o n s t r u c t  t h i s  p la t fo rm 

w i t h o u t  modi fy ing i t s  p resent  f a c i l i t i e s .  The c o n s t r u c t i o n  requirements are 

tabu la ted  i n  Table 2.1. z. 



TABLE 2.1 

CONCRETE SHIP  XHE CONSTRUCTION REQUIREMENTS 

Method 1 Method 2 

( b u . i l t  u p r i g h t )  ( b u i l t  upside down) 

nwc (*)  - - Iwc (*)  - nwc (*) &(**) 

( 1 )  Graving dock Length 250m ( 8 2 0 ' )  Same Same Same 

Width 8 8 m ( 2 8 g 1 )  Same Same Same 

Depth 21 .5m(711 )  1 6 m ( 5 3 ' )  15m ( 4 9 ' )  9m ( 3 0 ' )  

. ( 2 )  Access channel Width 88m ( 2 8 9 ' )  S ame 

' Depth 21 .5m(711 )  1 6 m ( 5 3 ' )  
,. . 

( 3 )  Shal low water 

s i t e  ( f o r  f i n i  sh Depth 28.5m ( 9 3 ' )  27m ( 8 9 ' )  

o u t f i t t i n g )  

( 4 )  Deep water s i t e  Depth N A 

( f o r  t u r n o v e r )  

( 5 )  Concrete 46, 000m3 S ame 

( 6 )  F l o t a t i o n  barges 4- 20mx20m 4- 20mx 15m 

Same S ame 

15m ( 4 9 ' )  9m ( 3 0 ' )  

36.6111 Same 

Same S ame 

2 4 w i t h  600m water-  

p lane area 

( 7 )  'See a d d i t i o n a l  requi rements i n  t e x t  

* nwc - normal weight  concre te  

** lwc - l i g h t  weight concre te  



The f o l l o w i n g  i tems r e f e r  t o  l o c a t i o n s  i d e n t i f i e d  i n  Table 2.1. I n  

reference t o  i tem 1, n o t  o n l y  i s  t he  grav ing  dock n o t  a v a i l a b l e  i n  any U.S. 

shipyard, b u t  i n  t h e  case o f  normal weight  concre te  (nwc) ships,  t h e  requ i red  

water depths are a l so  no t  ava i l ab le .  To s a t i s f y  t h i s  l a t t e r  c o n d i t i o n  would 

probab ly  necess i ta te  o b t a i n i n g  numerous environmental and b u i l d i n g  permi ts  

which might  be a  , v e r y  d i f f i c u l t  process. Access channels ( i t e m  2)  e x i s t  a t  

some U.S. sh ipyards t o  a  depth o f  13.5m which w i l l  pe rm i t  t h e  c o n s t r u c t i o n  of 

a  lwc sh ip  us ing  Method 2, Only i n  t he  Long Beach and Puget Sound areas (16 

t o  21.5m depth) can a  nwc sh ip  be bu i ' l t ,  again us ing  Method 2. Planned 

channel depths a t  Corpus C h r i s t i  cou ld  apparent ly  accommodate t h e  nwc sh ip  and 

e x i s t i n g  depths a t  Long Beach and San Franc isco  p l u s  planned increases a t  

Hampton Roads and Galveston cou ld  accommodate the  lwc ship.  However, r e l i a n c e  

on planned channel deepening such as i n  Corpus C h r i s t i ,  Galveston, Hampton 

Roads, and o ther  areas i s  c o n j e c t u r a l  and should be considered onl'y as a  long 

range p o s s i b i l i t y .  

No U.S. s h i p b u i l d e r  has p i e r  depths adequate t o  meet t h e  shal low 

water s i t e  ( i t e m  3 )  requirement.  Only Puget Sound has reasonably s h e l t e r e d  

c o n d i t i o n s  w i t h  these depths. Thus, o the r  yards would be r e q u i r e d  t o  complete 

c o n s t r u c t i o n  i n  open waters, i nc reas ing  t h e  r i s k  of complet ing t h e  p la t fo rm.  

I t  shoul'd be noted t h a t  t h e  i n s t a l l a t i o n  o f  t h e  warm and c o l d  water pumps, 

warm and c o l d  water d ischarge pipes, and t h e  c o l d  water i n t a k e  p i p e  r e q u i r e  a 

much g rea te r  depth and w i l l  p robab ly  be i n s t a l l e d  a t  t he  f i n a l  deployment 

s i t e .  The l a s t  area, t h e  deep water s i t e ,  i t e m  4 i s  r e q u i r e d  o n l y  f o r  Method 

2.  These depths are  no c l o s e r  than 50 k i l o m e t e r s  t o  any sh ipyard  s i t e  which 

would r e q u i r e  a  long t r a n s i t  t o  t h e  deep s i t e  and back t o  t h e  sha l low water 

s i t e  f o r  complet ing t h e  i n t e r n a l  i n s t a l  1  a t i o n  o f  equipment. Hand1 i n g  problems 

may a r i s e  w h i l e  towing t h e  s t r u c t u r e  t o  and f rom t h e  s i t e  due t o  p la t fo rm 

s t a b i l  i t y  and f l o o d i n g  u n c e r t a i n t i e s .  Also, t h e  tu rnover  process which must 

be performed a t  t h i s  deep water s i t e  has never been demons'trated on a  concrete 

s t r u c t u r e  o f  t h i s  magnitude. 

Items 5  through 7 o f .  Table 2.1 cover  m a t e r i a l  and equipment 

cons ide ra t i ons  f o r  t h e  concre te  sh ip .  The use o f  concre te  f o r  ocean 

s t ruc tu res ,has  been very  l i m i t e d  i n  t he  pas t .  Most sh ipyards have very  a 

l i m i t e d  experience w i t h  Iwc. Although most yards are  inexperienced, 



t h e  concre te  technology t o  b u i l d  a concrete s t r u c t u r e  o f  t h i s  s i z e  i s  w i t h i n  

t'he s t a t e - o f - t h e - a r t  (SOA) f o r  l a r g e  con t rac to rs .  The barges needed f o r  an 

ope ra t i on  o f  t h i s  s i z e  p r e s e n t l y  e x i s t  and o the r  equipment such as tugs, 

winches, and heavy l i f t  cranes may o n l y  need minimal m o d i f i c a t i o n .  The 

t e c h n i c a l  requirements ( i t e m  7 )  v a r y  from p lugs  i n  t he  seawater system, t o  

towing cons ide ra t i ons  o f  t he  p la t fo rm and CWP. Large p lugs must be 

manufactured f o r  t h e  warm and c o l d  water plenums which must be w a t e r - t i g h t  and 

safe, b u t  e a s i l y  removed. The d is tances  which must be t r a v e l  l e d  t o  the  two 

proposed ope ra t i ng  s i t e s  ( F l o r i d a )  f o r  t h e  concre te  s h i p  f rom t h e  East Coast 

and Gulf Coast are f e a s i b l e ,  however a new c o n s t r u c t i o n  s i t e  on Hawaii may be 

p r e f e r r a b l e  t o  a tow f rom t h e  West Coast. 

2.1.2 Concrete Spar 

The concrete spar p la t fo rm o f  t h e  commercial s i z e  OTEC p l a n t  w i l l  be 

a f i r s t  o f  i t s  k ind .  Both types of concre te  ( Iwc and nwc) a re  be ing  

considered f o r  t he  spar and two designs w i t h  i n t e r n a l  and ex te rna l  heat  

exchangers a re  be ing  examined. With a d r a f t  of n e a r l y  130m, t h e  use of Iwc 

under these pressures has y e t  t o  be proven and t h e  spar design w i t h  i n t e r n a l  

heat  exchangers ( IHE) would be t h e  l a r g e s t  ,OTEC p la t fo rm.  Because o f  i t s  

s ize ,  t h e  IHE i s  a l so  considered t h e  most d i f f i c u l t  t o  b u i l d .  No U.S. 

s h i p b u i l d e r  has f a c i l i t i e s  l a r g e  enough' t o  b u i l d  any concre te  spar, and the  

water depths near t h e  shipyards are i n s u f f i c i e n t ,  w i t h  t h e  except ion  of some 

areas i n  Puget Sound. As w i t h  t h e  concre te  sh ip ,  two c o n s t r u c t i o n  methods are  

be ing  considered. Method 1 invo l ves  b u i l d i n g  t h e  main body o f  " the spar as one 

u n i t .  I n  Method 2 t h e  b o d y ' i s  b u i l t  i n  two sect ions,  upper and lower. The 

c o n s t r u c t i o n  requirements f o r  t he  concre te  spar are tabu la ted  f o r  t h e  I H E  and 

XHE designs i n  Table 2.2 and 2.3 r e s p e c t i v e l y .  

The f i r s t  f o u r  i tems of these t a b l e s  cover c o n s t r u c t i o n  s i t e  

requirements. No e x i s t i n g  grav ing  dock meets t h e  requi rements o f  i t e m  1 and 

t h e  depths of t h e  U.S. f a c i l i t i e s  i s  a l so  a problem. For bo th  t h e  g rav ing  

dock and t h e  access channel ( i t e m  2 ) ,  o n l y  t h e  depth requi rement  f o r  t h e  IWC 

spa?, us ing  c o n s t r u c t i o n  Method 2, can be f u l f i l l e d  by most sh ipyards.  The 

depth o f  some areas o f  Puget Sound meet t h e  requi rements f o r  t h e  Iwc s p a r "  

us ing  c o n s t r u c t i o n  Method 1, and e i t h e r  t ype  o f  concre te  spar us ing  Method 2. 



TABLE 2.2 

. CONCRETE SPAR XHE CONSTRUCTION REQUIREMENTS 

Method 1 Method 2 
. . I tems nwc - Iwc - nwc - Iwc - 

( 1 )  Graving dock Length lOOm ( 3 2 8 ' )  Same 185m (607 '  ) ( * )  Same 

Width l O O m  (328 '  ) Same Same Same 

Depth 25m ( 8 2 ' )  19.2m ( 6 3 ' )  1Gm ( 5 3 ' )  12.5~1 ( 4 1 ' )  

(2 )  Access channel Width 100m ( 3 2 8 ' )  Same Same 

Depth 25m ( 8 2 ' )  19.2m ( 6 3 ' )  16m ( 5 3 ' )  

( 3 )  Shal low water 

s i t e  Depth N A 

(49 Deep water 

s i t e  Depth 90m ( 2 9 5 ' )  70m ( 2 3 0 ' )  . 90m ( 2 9 5 ' )  . 

( 5 )  Concrete 37, 262m3 Same Same 

(6 )  A d d i t i o n a l  c o n s t r u c t i o n  requi rements i n  t e x t  

S ame 

12.5m ( 4 1 ' )  

Same 

* NOTE: Both halves o f  spar poured a t  same t ime, t h e r e f o r e  a s i n g l e  g rav ing  dock o f  185m 

o r  2-100m docks would be necessary. 



I tems - 

( 1 )  Graving dock 

TABLE 2.3 

CONCRETE SPAR IHE CONSTRUCTION REQU IREMENTS 

Length 

Width 

Depth 

nwc - 

l O O m  (328'  ) 

l o o m  (328'  ) 

24m (79 ' )  

( 2 )  Access channel Width l O O m  (328 ' ) 
~ e p t h '  24m ( 7 9 ' )  

( 3 )  Shal low water  si'te Depth N A 

( 4 )  Deep water s i t e  Depth 

( 5 )  Concrete 

lwc - 

Same 

Same 

20.4m ( 6 7 '  ) 

Same 

20.4m ( 6 7 ' )  

Same 

(6) A d d i t i o n a l  c o n s t r u c t i o n  r e q u i r e d  i n  t e x t .  



I t  i s  noted t h a t  Det Norske V e r i t a s  (DNV) has o f f e r e d  an a l t e r n a t e  scheme f o r  

spar cons t ruc t i on ;  however, i n s u f f i c i e n t  d e t a i l s  a re  a v a i l a b l e  t o  evaluate 

t h i s  ~ u ~ b e s t i o t i .  The problem w i t h  Method 2 i s  t h e  need f o r  a  shal low water 

s i t e  ( i t e m  3 )  t o  assemble the  two sect ions.  I t ' s  depth i s  equ iva len t  t o  the 

deep water s i t e ,  36.6111 f o r  t h e  concre te  ship,  and these areas are  more than 50 

k i l ome te rs  from any f a c i l  i t y  except t he  Puget Sound area. A t  t h e  deep water 

s i t e ,  t h e  same t ype  o f  complet ion work as t h e  concre te  sh ip  must be 

accomplished, i n  a d d i t i o n  t o  a s i g n i f i c a n t  amount o f  concre te  pouring. The 

depth r e q u i r e d  f o r  t h i s  s i t e  ( i t e m  4 )  i s  more than t w i c e  t h e  shal low water 

s i t e  requirement f o r  the  XHE designed spar, and more than f o u r  t imes the  depth 

f o r  t h e  IHE design. Most probably,  t h e  complet ion work on both  spars w i l l  be 

accomplished 'a t  t he  ope ra t i ng  1.ocation. 

I tems 5  and 6  o f  bo th  t a b l e s  address m a t e r i a l  and equipment 

requirements: The same comments on concre te  problems and experience, which 

are presented f o r  t h e  concre te  s h i p  apply as w e l l  t o  t h e  concre te  spar. I n  

a d d i t i o n  f o r  t he  IHE design, approximate ly  10% o f  t h e  concrete p l a t f o r m  i s  

poured i n  t h e  g rav ing  dock and the  r e s t  a t  an open water s i t e .  The XHE design 

has a  s i m i l a r  problem w i t h  30% o f  t h e  concrete c o n s t r u c t i o n  r e q u i r e d  t o  be 

completed a t  t h e  deep water s i t e .  I nvo l ved  i n  i t e m  6  are two major 

eng ineer ing  development problems. Plugs and valves must be designed f o r  the  

seawater system. A 30m diameter p l u g  i s  need f o r  t h e  c o l d  water p i p e  plenum 

and 8-15m and 8-6m p lugs  are  needed f o r  t h e  warm water .sys tem and seawater 

d ischarge openings. These p lugs  must n o t  leak d u r i n g  t h e  p la t fo rm 

cons t ruc t i on ,  must w i ths tand a  seawater pressure head g rea te r  than 50m, bu t  

must be s a f e l y  removed when t h e  warm water,  c o l d  water and seawater d ischarge 

p ipes  are  ready t o  be attached. The f low va lves  i n  t h e  warm water and sea- 

water d ischarge p ipes  (8-6m and 8-15m b u t t e r f l y  o r  gate va lves)  have s i m i l a r  

problems. The manufactur ing c a p a b i l i t y  does e x i s t ,  however i t  has never been 

b u i l t .  The water t i gh tness ,  r e l i a b i l i t y  and s a f e t y  o f  t h e  valves are  a  

n e c e s s i t y  s ince  t h e y  w i l l  be f u l l y  c losed when maintenance i s  needed on t h e  

system. As w i t h  t h e  plugs, t h e  valves w i l l  a lso  need t o  w i ths tand  a  50m head 

o f  water, 



Steel Ship 

The OTEC steel ship platform is of similar design to conventional 

commercial steel ships. There are two design options for the steel ship; with 
internal heat exchangers (IHE) and with external heat exchangers (XHE). There 

are also a variety of construction methods which increase the complexity of 
the operation but decrease the channel depth requirement. The easiest 

construction method (and the method usually used in shipbuilding) is to build 

the ship in a single unit, however this requires a dock larger than existing 

shipyard facilities. If the construction is performed segmented, then the 

sections can be ;joined e.lther above water on barges (as 'large as 103m x 40m x 
12m) or underwater using cofferdams. It is doubtful that floatation barges 

equipped with ballast tanks, pumps, etc., of the size indicated actually 
v 

exist. Hence, these must be constructed and are stated to cost in excess of 
B40M. Their special design makes future general commercial use impractical. 
If the steel ship has XHEs and an installed seawater system then the barge 
assembly is required. IHE design steel ships do not need barges. Any of the 

construction methods are within an acceptable level of risk with respect to 
feasibility, cost and schedules. 

The construction requirements are tabulated in Table 2.4. In 
addition to the five construction scenarios which were assessed, Lowry and 

Hoffmann Associates Inc. proposed an alternate method to Method 2. The 
existing Method 2 proposes that two longitudinal ship halves be constructed 
sirnu1 taneously in tandem within a proposed new 385m x 52m dock. The suggested 
alternate, Method 2a, would permit building each half individually in any 
existing dock about 195m x 52m. Each half would be separately launched, with 
both being welded together after the launching of the second half. This 

increases the total construction time, but really is not different than Method 
3 or 4, where two launchings are required for the 3+1 and 2+2 ship quadrants. 

In reference to item 1, a dock size of 195m x 95m is required, however the 

largest dock available is 490m x 75m (Newport News). This is the reason for 

the, segmented construction plans which will permit construction using existing 

facilities. The access channel (item 2) depth varies very little whether an 
IHE or XHE design is'constructed and the existing channel widths and depths 
at most shipyards can accommodate this platform. The assembly site (item 3) 



. , TABLE 2.4 
STEEL SHIP XHE AND IHE CONSTRUCTION REQUIREMENTS 

Segmented Consruc t ion  

Cons t ruc t i on  1 2  2  a  3  4  5  

Methods Hal f  & H a l f  & Quadrants 7 L a t e r a l  

I tems One U n i t  Hal f (P&S) H a l f  (P&S) 3+1 (*) 2+2(*) Sec t ions  

( 1 )  Grav ing  Dock ( f o r  ex te rna l  heat  exhangers; see d i scuss ion  f o r  i n t e r n a l  heat  exhanger 
c o n f i g u r a t i o n )  

Length 19 5m 38 5m 195m 29 Om 19 5m 9  5m 

(640'  ) (1263' ) (640'  ) ( 9 5 0 ' )  (640'  ) (312 '  ) 

Width 9  5m 52m 52m 52m 52m ' 38m 

( 3 1 2 ' )  .. (170. ' )  1 7 0 ' )  170'  ) 170'  ) ( 1 2 5 '  ) 

, , Depth (++) 5m(**) 8.5m(**) Same Same Same Same Same 

(-16.4' ) (28 '  ) 

L i f t  65, OOOMT 65,OOOMT ' 32,500MT 48,750MT 32,500MT 12,000MT 

( 2 )  ' Access Channel ( f o r  e x t e r n a l  heat  exchangers) 

Width 200m Same S ame Same S ame Same 

~ e p t h ( + )  9m - 

(30 '  Same Same Same Same Same 

( 3 )  Assembly S i t e  

Width 107m Same Same S  ame Same Same 

(350'  ) 

D r a f t  30.4m Same Same . Same Same Same 

(100'  ) 

NOTES: * I n d i c a t e s  number o f  quadrants o r  segments t o  be cons t ruc ted  

** Sea water pump system n o t  i n s t a l l e d  
*** Sea water pump system i s  i n s t a l l e d  

+ 14m (45 .9 ' )  f o r  s h i p  w i t h  i n t e r n a l  heat  exchangers 

++ These are  depths r e q u i r e d  f o r  barge f l o a t - o f f ;  however a f t e r  s h i p  i s  f l o a t e d  

o f f ,  t h e  t o t a l  d r a f t .  o f  s h i p  w i t h  sea water  pumps i n s t a l l e d ,  may prec lude 

r e t u r n  of sh ip  f o r  f i n a l  complet ion.  Thus, maximum o u t f i t t i n g  should be 
s 

performed du r i ng  sh ip/barge phase. 



i n  r e a l i t y  has th ree  s i t es ,  t h e  f i r s t .  t o  j o i n  the  p l a t f o r m  sect ions;  t he  

second f o r  Y l o a t - o f f  o f  t h e  completed p la t fo rm;  and t h e  t h i r d  f o r  i n s t a l l i n g  

the  c o l d  and warm water d ischarge pipes, which may be done a t  t h e  p l a t f o r m  

deployment s i t e .  

2.2 Cold Water Pipes (CWP) 

Th is  sec t i on  covers the  c o n s t r u c t i o n  requirements f o r  t h e  f o u r  c o l d  

water p i p e  (CWP) concepts. The CWP systems w i l l  be considered f rom the  p o i n t  

of be ing  cons t ruc ted  by o r  near t he  s h i p b u i l d i n g  i ndus t r y .  The c o n s t r u c t i o n  

concepts are: 

S tee l  - s h e l l  and tee  s t e e l ,  and bottom mounted 

F ibe rg lass  Re in forced P l a s t i c  (FRP) 

~ l a i t o m e r  

Concrete 

These spec ia l  p ipes  have no t  been constructed,  nor  does design 

i n fo rma t ion  e x i s t ,  f o r  a  30.5m diameter s i z e  p i p e  which I s  contemplated f o r  a  

c o m e r c i  a1 s i z e  OTEC p lan ts ,  o r  i n  t he  l eng ths  (approx imate ly  900m) necessary 

t o  serve t h e  c o l d  water system. While s t e e l  p ipe  i s  w e l l  w i t h i n  t h e  SOA,, t h e  

use of FRP, elastomer and concre te  p ipe  m a t e r i a l  i s  n o t  e n t i r e l y  w i t h i n  the  

SOA and has n o t  been demonstrated. Before a  commercial s i z e  CWP becomes a  

r e a l i t y ,  t h e  research and development e f f o r t  must be completed and a  smal l  

demonstrat ion p l a n t  s i z e  CWP must be b u i l t  and operated. Studies have 

proposed both s e c t i o n a l  and cont inuous l e n g t h  c o l d  water p ipe  c o n s t r u c t i o n  

methods. I n  a l l  cases, i t  w i l l  be necessary t o  p rov ide  s p e c i a l i z e d  equipment, 

such as cranes and barges t o  t r a n s p o r t  and deploy a  CWP. 

Since waterborne t r a n s p o r t  o f  t h e  CWP i s  requ i red ,  then t h e  CWP 

c o n s t r u c t i o n  f a c i l i t y  should have access t o  t h e  sea. Shipyards have proven 

exper ience i n  c o n s t r u c t i n g  seaworthy vessels and are  a  l o g i c a l  cho ice  f o r  a  

CWP c o n s t r u c t i o n  f a c i l  i ty. However, o the r  non-shipbui 1  d i n g  heavy i n d u s t r i a l  

p l a n t s  adjacent  t o  t h e  water may a l so  be ab le  t o  s a t i s f y  t h e  CWP c o n s t r u c t i o n  

f a c i l i t y  requirements. = 



The u l t i m a t e  manufacture o f  t he  var ious  CWP types can be undertaken 

i n  many d i ve rse  areas o f  t h e  U.S. c o a s t l i n e .  The se lec ted  manufactur ing s i t e  

should be c o r r e l a t e d  w i t h  t h e  deployment s i t e  o f  t h e  OTEC p l a t f o r m  cons ider ing  

t h e  cost ,  r i s k  and t ime  of t r a n s p o r t i n g  the  CWP. The a v a i l a b i l i t y  of barges 

and c e r t a i n  heavy l i f t  gear should be no problem, a l though some spec ia l  barge 

types w i l l  r e q u i r e  spec ia l  cons t ruc t i on .  Shipyards can c o m p e t i t i v e l y  produce 

these under separate con t rac ts .  

2.2.1 S tee l  CWP 

There are two s t e e l  CWP c o n s t r u c t i o n  concepts. One IS the she1 1 and 

t e e  design supported from a  p l a t f o r m  and the  o the r  i s  a  heav ier  s t e e l ,  bottom 

mounted p ipe  w i thou t  s t i f f n e r s .  Under bo th  designs, t h e  c o n s t r u c t i o n  concept 

i s  t o  b u i l d  p r e f a b r i c a t e d  sec t i ons  ashore o r  on a  ba.rge a longside a  p i e r  w i t h  

the  sec t ions 'be ing  j o i n e d  on a  spec ia l  barge a t  t he  f i n a l  CWP deployment 

s i t e .  The c o n s t r u c t i o n  requirements are presented i n  Tab1 e  2.5. 

It i s  proposed t o  barge sec t ions  o f  p i p e  t o  ' t he  deployment s i t e  and 

t o  j o i n  t h e  sec t ions  v e r t i c a l l y  on a  spec ia l  construct ion-deployment  barge 

us ing  a  separate 1000 MT f l o a t i n g  crane barge t o  handle the  p r e f a b r i c a t e d  CWP 

sec t ions .  The s i z e  o f  barges, tugs and cranes a re  i n d i c a t e d  i n  Table 2.5. 

The weather must be reasonably calm f o r  t h i s  ope ra t i on  f o r  extended per iods  of 

t ime. P r o v i s i o n  must be made t o  make e r e c t i o n  s i t e  f a c i l i t i e s  seaworthy i n  

bad weather when CWP i s  under c o n s t r u c t i o n  and assembly. 

Another s t e e l  CWP concept i s  t o  f a b r i c a t e  t h e  e n t i r e  assembly ashore 

and tow the  e n t i r e  l e n g t h  t o  the  deployment s i t e .  The manufactur ing and 

e r e c t i o n  processes have n o t  y e t  been f i n a l i z e d .  

S tee l  p i p e  f a b r i c a t i o n  i s  considered w i th . in  t h e  SOA and poses .no r e a l  

manufactur ing problem o the r  than s i z e  and weight .  The sec t i ons  may be 

cons t ruc ted  in a dedicated l o c a t i o n  o f  t h e  yard, e i t h e r  l i f t e d  (1500MT) o r  

skidded on t h e  t r a n s p o r t  barge and f i n a l l y  welded together  a t  sea. The 

d i f f i c u l t y  a r i s e s  when a  cont inuous s t e e l  p i p e  i s  be ing  manufactured which 



TABLE 2.5 

STEEL CWP CONSTRUCTION REQUIREMENTS 

Const ruc t ion  

Requ i remen t s 

Cons t ruc t i on  S i t e  

P i e r s  

Length 

Depth water 

. a longside 

Stee l  S h e l l  

and Tee 

Stee l  Bottom 

Mounted 

Equipment 

Barges w i t h  f i t t e d  Four ( 4 )  Four ( 4 )  

t racks  122mx30.5mx6.1 122mxSU.5mx7.6m 

DWT - DWT 

Cap-12, 454MT(1)' Cap-17, 544MT(1) 

Cranes 750MT a t  23m 900MT a t  23m 

Automatic weld 

. equipment - - - - 

R o l l i n g  M i l l  - - - - 

Tugs . . Two3.7MW (5000H.P.) Two3.7MW (5000H.P.) 

Spider  S t i f f e n e r s  4  pe r  30.5m p i p e  

Spec ia l  Cons t ruc t i on  

Deployment barge 

NOTE: ( 1 )  Barges are i n  c u r r e n t  U.S. i nven to ry .  



requ i res  some type o f  launching and f l o a t i n g  s to rage area. Many yards o r  

manufacturers cou ld  f i n d  f l o a t i n g  storage l o g i s t i c a l l y  d i f f i c u l t ,  depending 

upon t h e i r  l oca t i ons .  

The i n s t a l l  a t i o n  o f  a bottom mounted s t e e l  CWP i s  i n d i c a t e d  f o r  

Puerto Rico. Accordingly ,  a manufactur ing f a c i l i t y  i n  Puerto Rico cou ld  be 

considered. If Puerto R ico  proves i m p r a c t i c a l ,  a l ong  tow o f  p i p e  sec t ions  

w i l l  be r e q u i r e d  f rom t h e  A t l a n t i c  o r  Gu l f  Coast. These comments apply t o  any 

p la t fo rm l o c a t i o n  s i t e  which d i f f e r s  f rom the  manufactur ing l o c a t i o n  of the  

CWP. 

2.2.2 FRP Sandwich CWP 

There are two methods o f  f a b r i c a t i o n  .of an FRP pipe.  The p ipe  i s  

cons t ruc ted  h o r i z o n t a l l y  i n  one 900m (3000 ' )  l ong  p ipe  and towed t o  an OTEC 

plat form, o r  i t  i s  cons t ruc ted  v e r t i c a l l y  i n  s h o r t  sect ions,  and j o i n e d  on 

s i t e  through an e r e c t i o n  barge moon poo l .  The c o n s t r u c t i o n  requirements are  

presented i n  Table 2.6. 

The manufactur ing f a c i l i t y  f o r  t h i s  work would i n  a l l  p r o b a b i l i t y  

have t o  be l a i d  o u t  s p e c i f i c a l l y  f o r  t he  type o f  CWP w i t h  spec ia l  forming,  

b u i l d i n g ,  m a t e r i a l  hand1 i ng arrangement, and anci 11 a r y  se rv i ces  and 

equipment. A p l a n t  s i m i l a r  i n  some respects  i s  t h e  General Dynamics, LNG 

sphere manufactur ing f a c i l i t y  i n  Charleston, S.C. 

The t r a n s p o r t  o f  t h e  h o r i z o n t a l  CWP (30.5m x 900m) f rom shore t o  t h e  

deep water upending s i t e  w i l l  r e q u i r e  reasonably calm seas and winds f o r  t he  

e n t i r e  .operat ion.  These same c o n d i t i o n s  app ly  a l so  t o  the  v e r t i c a l l y  

f a b r i c a t e d  sec t ions  which are barged and j o i n e d  a t  the  s i t e .  

The i n s t a l l a t i o n  o f  t h e  FRP CWP i s  considered f o r  l o c a t i o n s  i n  

F l o r i d a ,  Hawaii and Puerto Rico. Manufac tur ing  f a c i l i t i e s  f o r  t h e  h o r i z o n t a l  

CWP, which i s  towed as a 900m u n i t ,  should be as c l o s e  t o  those l o c a t i o n s  as 

p r a c t i c a l .  However, t h e  v e r t i c a l  segmented CWP may be barged t o  t h e  p la t fo rm 

development s i t e  f o r  i n s t a l l a t i o n .  = 



Cons t ruc t i on  S i t e  

TABLE 2.6 

FRP SANDWICH CWP CONSTRUCTION REQUIREMENTS 

Cons t ruc t i on  Channel 

Length 

Width 

Depth o f  water , 

Access Channel 

Width 

Depth o f  water 

Dock 

Length 

Depth o f  water 

Method No. 1 

H o r i z o n t a l  

Method No. 2 

V e r t i c a l  segmented 

Equ i p~ilerst - 
Core assembly u n i t  H o r i z o n t a l  access V e r t i c a l  access 

FRP wrapp i ng mach i ne 

Crane 50MT (49LT) 500MT (490LT) 



2.2.3 Elastomer CWP 

The elastomer CWP concept proposes a  s e r i e s  o f  c o l l a p s i b l e  f a b r i c  

type p i p e  section's supported and j o i n e d  a t  t h e  ends by  1.5m wide s t e e l  o r  

concrete r i n g s  30.5111 i n  diameter.  Each s e c t i o n  would measure 28.6m long  w i t h  

t h e  f a b r i c  expanded. Seven o f  these sec t i ons  would be j o i n e d  ashore to make a  

200m ( 6 5 6 ' )  expanded u n i t  f o r  dep loynen t .a t  t h e  e r e c t i o n  s i t e  through a  

spec ia l  moon poo l  construct ion-deployment  barge. The c o n s t r u c t i o n  

requirements are s ta ted  i n  Table 2.7. 

The f a c i l i t y  f o r  f a b r i c a t i n g  sec t i ons  o f  t he  CWP i n  200m u n i t s  w i l l  

r e q u i r e  a  dedicated area f o r  t h i s  s p e c i f i c  purpose w i t h  s u i t a b l e  s to rage space 

and j o b  designed mater i a1 hand1 i ng equipment. Environmental problems may a1 so 

be s i g n i f i c a n t .  

Specia l  j i g s  and automatic we ld ing  s t a t i o n s  w i l l  be r e q u i r e d  t o  

f a b r i c a t e  t h e  s t e e l  r i n g s .  Concrete r i n g  f a b r i c a t i o n  w i  1'1 r e q u i r e  dedicated 

f a c i l i t i e s  c o n s i s t i n g  o f  heav.y l i f t  cranes and concrete m ix ing  and pou r ing  

f a c i l i t i e s . .  

The p i p e  t rans fe r  f rom t r a n s p o r t a t i o n  barge t o  deployment barge and 

f o r  assembly r e q u i r e s  reasonably calm seas and good weather f o r  an extended 

p e r i o d  of t ime. The TRW s tudy  i n d i c a t e s  a  71-day t ime  span6. 

Since elastomer CWP i s  recommended f o r  l o c a t i o n  o f f  Hawaii and Puerto 

Rico, t he  manufacture o f  t h e  p ipe  c l o s e s t  t o  these s i t e s  o r  o the r  f i n a l l y  

se lec ted  s i t e s  i s  p re fe rab le ;  however, ba rg ing  i s  manageable. 

'2.2.4 L igh twe igh t  Concrete CWP 

Th is  p i p e  i s  made o f  l i g h t w e i g h t  concre te  w i t h  a  d e n s i t y  of 17.5 

Mg/m3 w i t h  a  submerged weight  o f  39.3 MT per  l i n e a r  meter and d r y  weight  of 

82 MT per  meter. It would be cons t ruc ted  i n  approx imate ly  15m ( 5 0 ' )  v e r t i c a l  

sec t ions .  Buoyancy tanks w i l l  be prov ided t o  reduce t h e  t o t a l  submerged = 



TABLE 2.7 

ELASTOMER CWP CONSTRUCTION REQUIREMENTS 

e 30.5m (100 ft) diameter mandrel 

e Calendar based on lorn (32.8 ft) wide 'conveyor belting 

@ 28.6m (94 ft) pipe section lengths constructed by vulcanizing 
be1 ts longitudinally 

e Steel fabricating shop or concrete plant facility to fabricate 
the rings 

@ Construction site to assemble 28.6m (94 ft) sections into 200nl 

. (656 ft) lengths onshore or direct 'onto the barges 

Onshore crane with a lifting capacity of 1,500 MT 



weight and thus reduce the forces transmitted through the section 
connections. The construction requirements are tabulated in Table 2.8. 

This concrete pipe fabricating plant will be a dedicated area for the 

CWP construction with suitable storage and material handling equipment. 

The 15m lwc pipe sections will be transported by oceangoing barges 
having suitable ballast tanks and pumps to adjust for loading conditions. A 

large number of these barges are currently available for sale or rent. 

In addition, a' special deployment barge of adequate size equipped 

with four hydraulic jacks and.a 36m diameter moon pool is required for 

assembling the various pipe sections. This type barge can be constructed. 

The first pipe section is picked up from the transport barge with the help of 

a 2000 MT debrick barge crane and lowered onto the deployment barge. This 

capacity derrick barge is currently 'in existence. 

As is similar in the installation of all' types of CWP, the 'concrete 

pipe also requires reasonably calm seas and good weather for extended periods 
of time. 

The lwc pipe construction is possible through most of the U.S., 

although there is a cost and time advantage in utilizing facilities that may 
now exist. The pipe could be manufactured either in or away from a shipyard. 

However, the manufacturing site should be reasonably close to the pipes' 
deployment site since more than 60 - 15m long sections are required and the 
transportation time and cost become factors. The pipe could also be 

built in more than one facility. 

3.0 SHIPYARD ASSESSMENT 

3.1 Capability of the U.S. Shipbuilding Industry 

The structure of the shipyard industry is defined by the U.S. 
Department of Labor Is Standard Industrial Classification Manual, (SIC) Code 



TABLE 2.8 

LIGHTWEIGHT CONCRETE CWP CONSTRUCTION REQUIREMENTS 

Concrete Pl ant 

- Reinforcing bar shop 

- Prestressing shop 
- Concrete casting area 

- .Warehouse and storage area 
- Batching plant wit.h aggregate and cement storage 

- Steel fabrication shop for buoyancy tanks 
- Pier facilities for unloading and loading 

- Laboratory 

Transport of sections within facility - either 2000 MT gantry crane, 
rollers or walkers. 

Materials - 45,000 m3 1wc 
6,000 MT rebar 



3731, as t h a t  i n d u s t r y  which covers s h i p b u i l d i n g  and r e p a i r s .  I t  c o n s i s t s  of 

approximate ly  140 commerci a1 f a c i  1  i t i e s .  The t o t a l  employment has increased 

g r a d u a l l y  f rom 114,000 i n  1961, up t o  a  peak o f  about 175,000 i n  1977. As of 

November 1979, i t  employed a t o t a l  of 170,300. 

The i n d u s t r y  i s  d i v e r s i f i e d  and i s  engaged i n  t h e  c o n s t r u c t i o n  of 

bo th  l a r g e  and complex Navy vessels and merchant ships, w i t h  a  present  

emphasis on Navy vessels i n  many o f  t h e  major yards. The geographical  

d i s t r i b u t i o n  o f  t he  major yards i n  t he  i n d u s t r y  i s  i n d i c a t e d  i n  F igu re  3-1. 

The i n d u s t r y  depends t o  a  l a r g e  ex ten t  on Government funding,  e i t h e r  d i r e c t  

support  f o r  t he  Navy and o the r  f e d e r a l l y  owned ships, o r  i n d i r e c t  support  by 

subs id ies ,  t a x  b e n e f i t s ,  etc., f o r  p r i v a t e l y  owned merchant sh ips,  tankers,  

barges and tugs. Approp r ia t i ons  f o r  FY 79 t o t a l l e d  $7,934 m i l l i o n  t o  cover 

these programs, a  s i g n i f i c a n t  p o r t i o n  o f  which purchased s o p h i s t i c a t e d  

equipment to 'be  i n s t a l l e d  by t h e  yards i n  t he  ships.  I t i s  est imated t h a t  t he  

i n d u s t r y ' s  va lue  of work done was about $7,581 m i l l i o n  i n  1979 f o r  both 

Government and p r i v a t e l y  sponsored work. 

3.2 Shipyard S e l e c t i o n  
. . 

3.2.1 C r i t e r i a  f o r  S e l e c t i n g  Shipyards 

An o v e r a l l  ana l ys i s  o f  t h e  U.S. s h i p b u i l d i n g  i ndus t r y ,  and t h e  

spec ia l  requirements f o r  c o n s t r u c t i n g  OTEC p l a t f o r m s  and c o l d  water p ipes  

(CWP), i n d i c a t e s  t h a t  some o f  t h e  s h i p b u i l d i n g  and/or r e p a i r  yards should no t  

be s e r i o u s l y  considered f o r  many reasons. For example, a  r e p a i r  ya rd  w i t h  a  

l a r g e  c o n s t r u c t i o n  dock would be expected t o  ded ica te  t h e  use o f  t h e  dock t o  

i t s  p r imary  i n t e r e s t ,  namely r e p a i r  work. I n  add i t i on ,  many r e p a i r  yards are 

r a r e l y ,  o r  o n l y  s p o r a d i c a l l y  engaged i n  major cons t ruc t i on ,  and as a  r e s u l t  

l ack  t h e  engineering, management, l a b o r  fo rce ,  f a c i l i t i e s ,  etc., t o  cons t ruc t  

any complex pl&.forms. Theymay, however, have an i n t e r e s t  i n  d e d i c a t i n g  a 

p o r t i o n  of t h e i r  f a c i l i t i e s  t o  the  e x c l u s i v e  use of CWP cons t ruc t i on .  In 

add i t i on ,  non-shipyard w a t e r f r o n t  f a c i l i t i e s  can be r e a d i l y  adapted f o r  CWP 

cons t ruc t i on .  The s e l e c t i o n  o f  t he  c o n s t r u c t i o n  l o c a t i o n  i s  h e a v i l y  dependent 

upon t h e  deployment s i t e  o f  t h e  p la t fo rm,  which a f f e c t s  t h e  t r a n s p o r t a t i o n _  

problems and costs.  





The shipyard assessment indicates that the CWP may be manufactured in 
many shipyards and other facilities throughout the U.S. Thus, transportation 

of the pipe becomes manageable to any of the proposed platform deployment 
sites, providing the pipe is built in bargeable sections. Whole pipe lengths 

of about 900m, require towing which may prove diff icu'lt, even over reasonable 
distances. However, it can be accomplished. 

Table 3-1, Prop'osed Location of Platforms Versus Possible 
Construction Sites, lists the types of platforms, types of CWP and the 

tentatively selected platform deployment sites. Analysis of various shipyard 

capabilities derived in this study indicates that there are no construction 

sites available for spars on the Gulf or East Coasts, unless new construction 
methods are developed. Additionally, towing of these spars from the West 

Coast is unmanageable. It is therefore believed that spars as described in 

this report cannot be used at Puerto Rico or Florida sites. From the 

viewpoint of construction and platform development sites, the concrete and 
steel ship platforms show distinct advantages. 



TABLE. 3-1 

PROPOSED LOCATION OF PLATFORMS VERSUS POSSIBLE CONSTRUCTION SITES 

CWP P l a t f o r m  

TYP e Development Suggested P la t fo rm 

Type P l  a t f  orm 111 S i t e s  Cons t ruc t i on  S i t e  

Concrete Ship 

Cnncrete Ship . . 

Concrete Spar XHE 

S tee l  Ship 

S tee l  s h i p  

Concrete Spar IHE 

Concrete Spar IHE 

FRP F l o r i d a  G u l f  o r  East  Coast 

E 1 as tomer Hawas i West Coast o r  Hawaii ( 2 )  

FRP Hawai i Puget Sound o r  Hawaii ( 3 )  

FRP Hawaii P r e f e r a b l y  West Coast, 

cou ld  b u i l d  G u l f  o r  East 

Coast 

E l  astomer Puer to  R ico  East o r  Gulf Coast 

FRP F l o r i d a  No a v a i l a b l e  s i t e  ( 4 )  

E 1 astomer Puer to  R ico  No a v a i l a b l e  s i t e  ( 4 )  

( 1 )  CWP may be manufactured i n  any area o f  c o n t i n e n t a l  U.S.; 

,however, c o n s i d e r a t i o n  must be g iven  t o  whether t h e  p i p e  i s  

b u i l t  i n  bargeable sec t i ons  o r  as a whole u n i t  which r e q u i r e s  

towing. 

( 2 )  Hawai i  c o n s t r u c t i o n  i s  considered d i f f i c u l t ,  b u t  n o t  impossib le.  
/ 

( 3 )  Hawai i  o f f s h o r e  c o n s t r u c t i o n  i s  hazardous, a1 so towing  from 

Puget Sound i s  d i f f i c u l t  b u t  poss ib le .  

( 4 )  Pr imary  problem i s  t h e  l ong  tow d i s tance  f rom Puget Sound and 

l a c k  of s u i t a b l e  water depths i n  G u l f  and East Coast f o r  

c o n s t r u c t i o n .  



3.2.2 selection ' P ~ O C ~ S S  

An analysis of the 28 major U.S. shipyards shown in Figure 3 - 1  shows 

the following: 

- Shipyards capable of constructing one or more versions of an 
OTEC platform: 

General Dynamics - Quincy 
Sun Shipbuilding 
Bethlehem - Sparrows Point 
Newport News S. 9. 

Tampa Ship Repair Yard 

Ingalls - Litton 
Avondal e 

National Steel and S. 9. 

Bethlehem - San Francisco Repair Yard 
Triple A Repair Yard 

Lockheed S. 9. 
- Facility capabilities for these shipyards are given in Appendix 

A. 

- Shipyards no longer in .operation: 

Seatrain S. 9. 

- Shipyards located in the Great Lakes where access to the 

Atlantic Ocean is limited to the 75 foot beam in the St. 
Lawrence Seaway locks: 

. . 

Fraser Shipyards 

Bay S. B. 
American S. 9. - Lorain 
American S. 8. - Toledo 



- Sh ipbu i l d ing  and r e p a i r  yards no t  considered s u i t a b l e  as OTEC 

c o n s t r u c t i o n  candidates, and who lack  many requirements, c h i e f  

o f  which are s u i t a b l e  b u i l d i n g  ways o r  docks, supplemented by 

l ack  of one o r  more a d d i t i o n a l  c a p a b i l i t i e s ,  such as, necessary 

access channels, deep water s i t e s ,  engineer ing,  adequate s k i l l e d  

work force, complex c o n s t r u c t i o n  experience, and/or f i n a n c i a l  

c a p a b i l i t y :  

Bath I r o n  Works 

Maryland S. B. & D. D. 

Nor fo lk  S. B. & D. 0. 

Alabama D. D. & S. B. 

Lev ings ton  (orange) 

Levingston ( G u l f p o r t )  

Bethlehem - Beaumong 

Galveston S. B. 

Marathon Le Tourneau 

Todd - Los Angeles 

FMC Corp. 

Todd - S e a t t l e  

The s e l e c t i o n  o f  sh ipyards i s .based  on ana lyz ing  each y a r d ' s  

c a p a b i l i t y  o f  c o n s t r u c t i n g  a t  l e a s t  one ve rs ion  o f  an OTEC p l a t f o r m .  The 

minimum denominator i s  t h e  s i z e  of t h e  c o n s t r u c t i o n  dock, a f t e r  which 

cons ide ra t i on  must be g iven t o  many o the r  f a c t o r s  necessary t o  complete the  

s t r u c t u r e  ready f o r  sea. As presented on the  prev ious  page, o n l y  seven o f  t he  

major U.S. sh ipyards q u a l i f y ,  t o  which number has been added t h r e e  r e p a i r  

yards which have the  phys i ca l  c a p a b i l i t y  and one ya rd  which does no t  p r e s e n t l y  

have f a c i l i t i e s ,  b u t  must be consider'ed a  good prospect .  The se lec ted  yards 

are d i s t r i b u t e d  throughout  t h e  East,  Gu l f  and West Coasts, which have the  

advantage o f  r e l a t i n g  t h e  p la t fo rm c o n s t r u c t i o n  s i t e  w i t h  i t s  u l t i m a t e  

deployment l o c a t i o n .  

Appendix A cover t he  f a c i l i t y  c a p a b i l i t i e s  f o r  each o f  t he  11 yards. 

I n d i c a t e d  are data on number and s i z e  o f  c o n s t r u c t i o n  docks, ~ h i ' ~ w a ~ s ,  w a t w  



depths over dock sill, principal crane capacities and nearest floatation site 
necessary to complete construction. There is also a diagram showing the plant 

layout for each yard. It should be noted that not all yards use graving 

docks, rather some like Sun, Avondale, and Ingalls-Litton have building sites 

from which the ships are launched via a floating dock. ~nformation on the 

shipyards has been developed from MarAd, the Navy and private sources. Table 

3-2 summarizes and highlights the selected shipyard characteristics and also 
makes reference to access channel depths. 

In assessing the capability of shipyards, consideration is given to 
constructing all four .platforms and four CWP configurations. While the yards 

will lack some of the required facilities to construct the concrete ship or 
spars; nevertheless, some yards may have sufficient capabi 1 i ties in 

non-concrete.areas that may possibly influence them to consider providing 
additional facilities, including a new graving dock, or joining a consortium 

to construct the concrete ship or spar. 

As was previously discussed, the steel ship is the platform most . 

suitable for construction in several U.S. yards throughout the country. The 

concrete ship with XHE, the concrete spar with XHE and the concrete spar with 
IHE, will be increasingly difficult to construct, in the order listed. 

The variety of construction methods provides steel ship construction 
opportunities to many yards. The alternate ~ethod 2a, would add Bethlehem 

Sparrows Point, Ingalls, Avondale, National Steel, and Sun to ~ e w ~ o r t  News who 
already meet Method 2 requirements. It should be noted that Sun and Avondale 

could build each half simultaneously in separate docks, and Ingalls would 

build both sections on shore and launch sideways onto its floating dock. The 
lift capacities of the f16ating drydocks would dictate the amount of 

construction and outfitting performed before launching and what would be 

after launching. A summary of shipyard capabi 1 i ty by coastal 



SUMMARY OF BASIC SHIPYARD CAARACTERISTICS AND CAPABI>ITIES 

Access Shi~vard Capability to Construct 
Facility Maximum Ship Size Depth Channel $keel ship ~latkorm (1) 
No. & Type LOA Beam Over Sill D q z h  1 2 2 a 3 4 5 Shipyard 

General Dynamics B D 936' x 143' 
Quincy, Mass. (2) 2 BD 860' x 123' 

2 BD 860' x 144' 

Sun S.B. & D.D. 
Chester, Pa. 

2 Slabs 
2 SW 

Bethlehem Steel GD 1200' x 192' 
Sparrows Point, Md. 

Newport News S.B. 
Newport News, Va. 

Tampa 

Ingalls S.B. (West' Bank) FD 
Pascagoula, Miss. 

Avondale Shipyard 
New Orleans, La. 

Slab 
SW 
F D 

National Steel & S.B. GD 980' x 170' (7) 16' 2.3 ' 0 o x  X X X  

Bethlehem Steel FD 950' x 144' 37.6' 39 ' 0 0 0  o o x  
San Francisco, Calif. 

Triple A Machine Works GD 1088' x 136' (8) 47 ' 37' 0 0 0  O O X  
San Francisco, Calif. 

Idocltheed S. B. 
Seattle, Wash. 

Total Number of Shipyards Capable of Building Steel Ship Platforms 0 1 6  6 6 10 

X = Has capability; 0 - Lacks capability. 



TABLE 3-2 (continued) 

NOTES: (1) Based on six suggested alternate construction methods. 

(2) Fore River Bridge width limit is 175'. 

(3) FD used for launching and joining ship halves up to 700' x 195' to make maximum 
length of 1400'. 

(4) Under construction. 

( 5 )  FD used for launching ships constructed on-shore. 

(6) Can construct several ships in parallel and sTmultaneously on earh shipway. 

(7) Launching draft would require close control. 

(8) Former Navy Yard facility leased to Triple A .  

(9) Two longitudinal halves may be built simultaneously and then lauxhed. 

BD - Building Dock 
Slab - Level building area 
FD - Floating Dock 
GD - Graving Dock 
SW - Shipway 
X - Yard has capability to.construct 
0 - Yard does not have capability.to construct 



area u t i l i z i n g  t h e  var ious s tee l  s h i p  c o n s t r u c t i o n  methods discussed i s  as 

fo l lows:  

Number o f  Yards Capable o f  Cons t ruc t i ng  

Stee l  P la t fo rm 

Method East Coast Gu l f  - West Coast T o t a l  Yards 

The c o n s t r u c t i o n  methods of t he  s t e e l  p l a t f o r m  should n o t  p rec lude 

t h e  p o s s i b i l i t y  o f  e i t h e r  end or  s ide launching by yards o ther  than I n g a l l s  

and Avondale. It i s  impossib le t o  p r e d i c t  what methods t h e  i n t e r e s t e d  yards 

would undertake a i d  f inance,  rii; what yards t h a t  do not  have adequate 

c o n s t r u c t i o n  docks, such as Lockheed i n  Sea t t l e ,  would undertake i n  mod i f y ing  

s l i d i n g  ways t o  accommodate t h e  sh ip .  There are many v a r i a b l e s  and t h e  

assessments are based o n l y  on e x i s t i n g  f a c i l i t i e s .  Tab le  3-2 summarizes the  

p h y s i c a l  capabi 1  i ty  assessment f o r  sh ipyard  c o n s t r u c t i o n  o f  t h e  s t e e i  s h i p  

p la t fo rm.  

Based on t h e  c r i t e r i a  f o r  s e l e c t i n g  shipyards, a  l i s t  o f  U.S. 

sh ipyard  candidates has evolved. These are  considered among t h e  most 
< 

q u a l i f i e d  t o  c o n s t r u c t  t h e  s t e e l  sh ip  p la t fo rms.  Using these yards as a  base, 

t h e i r  qua1 if i c a t i o n s  f o r  c o n s t r u c t i n g  t h e  concre te  s h i p  and concre te  spars 

have a l so  been evaluated. T h i s  s e l e c t i o n  does n o t  p rec lude t h e  p o s s i b i l i t y  of 

. - 
f u t u r e .  sh ipyard  changes and i n t e r e s t s  , o r  major c o n s t r u c t i o n  companies teaming 

w i t h  a  smal le r  s h i p b u i l d e r  o r  r e p a i r  yard. 

3 . 3  ~ a p a b i  1  i ty  Assessment o f  Selected Yards 

I 

It i s  c l e a r  t h a t  w h i l e  t he  U.S. s h i p b u i l d i n g  i n d u s t r y  i s  ab le  t o  



construct the steel ship platform, it has significantly less capability in the 
construction of the concrete structures without major investments and 
considerable ingenuity. The industry's ultimate interest in OTEC will be 
greatly influenced by the lack of normal shipbuilding work, the future and 

magnitude of OTEC programs, the facility and financial requirements, the risks 

of the project, and the prospect for financial gain. 

In this section, a summary analysis is made for each of the selected 

yards considering overall capability, available facilities, anticipated 
workload, and possible interest. Comparative assessments have been made on 
each yard, based on requirements for each different platform type and the 
methods of construction, to which the following comparative rates have been 
appl ied: 

Rating Level 

3 Full capabi 1 i ty 
2 Good, requiring some upgrading 

1 Limited, requiring considerable upgrading 
0 No existing capabi.1 i ty 

Ratings are applied to both steel and concrete construction, even 
though the yard may not have a dock in which the platform would be 'built. For 

example, the yard may have a #2 rating for engineering necessary to construct 

a concrete ship, indicating that concrete designers would be required. If a 
# 1  rating is applied, it implies a serious deficiency i n  meeting the 
requirements. Similarly, a #3 rating indicates full potential capability in 

those areas so rated, even though the yard has never constructed a concrete 
structure. The individual shipyard assessments are presented as Appendix B. 

The following is a brief overview of how future workload would affect 
the selected shipyards: 

3.3.1 General Dynamics, Qui ncy: 

The shipyard has delivered 12 highly successful Liquif ied Natural =Gas 
(LNG) ships with spherical LNG tanks. Due to its success in this field, it is 
expected the yard would obtain significant portions of this work if it becomes 
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a v a i l a b l e .  Th is  yard  i s  a lso  capable and has b u i l t  complex combat and 

a u x i l i a r y  Navy ships. I t  i s  be l i eved  t h a t  G.D. would g i v e  pre ference t o  LNG 

and Navy cont rac ts ,  i f  ava i l ab le ,  bu t  might  do OTEC ( s t e e l  c o n s t r u c t i o n )  if 

c o n s t r u c t i o n  dock space were avai 1  able. 

The o n l y  pe rm iss ib le  s t e e l  c o n s t r u c t i o n  would be by us ing  Method 5 o r  

t h e  seven l a t e r a l  sec t ions .  Since t h e  Fore R i v e r  Br idge,  which i s  t h e  access 

t o  Quincy Harbor, has a  w id th  of o n l y  150 f e e t ,  i t  w i l l  be necessary t o  

connect t h e  s h i p  sec t ions  ou ts ide  o f  t h e  ya rd  i n  a d d i t i o n  t o  conside.rab1e 

o u t f i t t i n g ,  n o t  poss ib le  d u r i n g  the  s e c t i o n  cons t ruc t i on .  This  ya rd  i s  f u l l y  

q u a l i f i e d  t o  undertake t h i s  work; however, i t  would r e q u i r e  a  new f a c i l i t y  t o  

b u i l d  a  concrete sh ip  p l a t f o r m  o r  spar. I t  i s  ques t ionab le  whether t he  

commercial s h i p b u i l d i n g  segment o f  t h e  c o r p o r a t i o n  would i n v e s t  i n  a  new 

f a c i l i t y .  G,D.'s Charleston, S.C. LNG p l a n t  has o n l y  a  20 f o o t  water depth. 

3.3.2 Sun S. B. & D. D. Co. 

Sun i s  p r i m a r i l y  a  commercial sh ipyard  under tak ing  very  l i t t l e  Navy 

work up t o  t h i s  t ime.  The ya rd  w i l l  con t i nue  t o  be a s t rong compet i to r  f o r  

a l l  merchant sh ip  cons t ruc t i on .  Sun has a proven reco rd  of success fu l l y  

managing compl i c a t e d  p r o j e c t s ,  i .e., Manhattan A r c t i c  convers ion and t h e  

Glomar Exp lorer .  

There has been a  recent  management change which has r e s u l t e d  i n  g rea t  

i n t e r e s t  i n  c o n s t r u c t i o n  o f  Navy a u x i l i a r i e s .  I t  i s  p o s s i b l e  t h a t  Sun might  

. be  a c t i v e  i n  o f f s h o r e  o i l  d r i l l i n g  s h i p / r i g . c o n s t r u c t i o n  i f  t h i s  market 

becomes more a c t i v e  f o r  East Coast d r i l l i n g .  

OTEC c o n s t r u c t i o n  appears t o  be t h e  t ype  of work Sun i s  q u a l i f i e d  t o  

undertake, and would tend t o  r e c e i v e  s p e c i a l  cons ide ra t i on .  The y a r d ' s  new 

f a c i l i t y  has t h e  space and f l e x i b i l i t y  t o  accommodate t h e  s t e e l  s h i p  p la t fo rm 

and p o s s i b l y  any o f  t h e  f o u r  types o f  CWP. Whether i t  would p a r t i c i p a t e  i n  

concre te  c o n s t r u c t i o n  i s  ques t ionab le  due t o  water depths and new dock s i t e  

requirements. 
;I 

Sun may encounter spec ia l  problems of b u i l d i n g  the  s t e e l  p l a t f o r m  on 

barges and moving t h e  barge/ship u n i t s  onto t h e  f l o a t i n g  drydock f o r  launching. 
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3.3.3 Bethlehem,. Sparrows Poi n t  

L i k e  Sun, Bethlehem i s  a  commercial ya rd  which i n  recent  years has 

s p e c i a l i z e d  i n  tankers and cargo sh ips  w i t h  no Navy work i n  t h e  l a s t  t en  

years. Bethlehem w i l l  be a  s t rong contender f o r  tanker  c o n s t r u c t i o n  i n  t he  

1980's and i n  LHAts op in ion ,  would be w e l l  s u i t e d  f o r  s t e e l  OTEC s t r u c t u r e s .  

The l a y o u t  of t he  ya rd  i s  such t h a t  they  cou ld  prov ide  space f o r  manufactur ing 

o f  t h e  four  CWP concepts. LHA a l so  expects Bethlehem t o  b i d  on Navy 

a u x i l  i a r i e s .  

The ya rd  i s  we l l  q u a l i f i e d  t o  undertake the  s t e e l  sh ip .p la t fo rm,  

elttier a t  i t s  own f a c i l i t i e s  or  as a  second choice through i t s  San Francisco 

a f f i l i a t e  f o r  which i t  cou'ld supply the .eng ineer ing ,  s k i l l  and supplemental 

management. Due t o  l i m i t e d  l o c a l  and access channel depths, t h e  ya rd  would 

have d i f f  i c u p t y  w i t h  concrete cons t ruc t i on .  Bethlehem a1 so bu i  l d s  jack-up 

r i g s  i n  Beaumont, Texas. 

3.3.4 Newport News 

Newport News i s  t h e  l a r g e s t  sh ipyard i n  t h e  wor ld  and t h e  premier 

Navy s h i p b u i l d e r .  I n  t he  foreseeable f u t u r e ,  combat s h i p  Navy c o n s t r u c t i o n  

w i  11 be t h e  p r i n c i p a l  business a t  ~ e w p o r t  News. The new commercial y a r d  i s 

designed p a r t i c u l a r l y  t o  cons t ruc t  v e r y  l a r g e  cargo c a r r i e r s  (VLCC) and LNG 

ships.  I f  work o f  t h i s  t ype  i s  ava i l ab le ,  i t  would probab ly  be p r e f e r r e d  over 

OTEC work. Nevertheless, o f  a l l  t h e  U.S. shipyards, Newport News i s  

considered t h e  most capable w i t h  a  l.arge b u i l d i n g  dock, a  900 t o n  crane, 

complete suppor t  shops, and t h e  l a r g e s t  and most d i v e r s i f i e d  sh ipya rd  

eng ineer ing  f o r c e  i n  t he  U.S. It cou ld  a1 so f a b r i c a t e  any o f  t he  CWP types. 

Newport News does have an o f f s h o r e  technology i n t e r e s t  and can be expected t o  

f o l  low t h e  emergence o f  OTEC p r o j e c t s .  

3.3.5 I n g a l l s  S h i p b u i l d i n g  Co. 

The new I n g a l l s  sh ipyard i s  a t  p resent  t o t a l l y  dedicated t o  Navy 

c o n s t r u c t i o n  and in tends t o  remain i n  t h a t  f i e l d  i f a t  a l l  poss ib le .  I n  t h e  . 



absence of in-hand extensions to i t s  present Navy program, i t  is  considering 

the construction of d r i l l  r igs .  Ingall s has i t s  older East Bank yard which 
could s t i l l  construct medium sized merchant ships;  however, i t  i s  not active 

in shipbuilding a t  present. 

The layout of the shipyard and the space available could provide 
excellent potential f o r  OTEC construction of the s teel  or concrete ship type 

platforms and a l l  types of CWP. If Navy combat ship construction does not 
f u l l y  u t i l i z e  the yard ' s  capacity, i t  is  expected tha t  i t s  secondary 

preference would be Navy auxi 1 i ar ies  and non-nuclear Navy warship overhaul s. 

3.3.6 Avondale Shipyards 

The Avondale Shipyard in New Orleans i s  one of the most versa t i le  and 
successful stlipyards in the  United States .  I t  has shown a preference fo r  
commercial construction over a wide range of products from barges to  LNG - 
ships.  This range of work includes Coast Guard Cutters, tankers, cargo ships ,  

Navy f r iga te s ,  d r i l l  ship conversions, Navy.tankers, e tc .  L H A  believes the 
s teel  OTEC s t ructure wo1.11d he of in t e res t  t o  Avondale in view of past 

experience of successfully taking on unusual projects.  I t  i s  believed, 
however, t ha t  Avondale would give preference to  construction of commercial 

ships of the i r  own design, of which there are many, rather  than to  Navy combat 
ships or OTEC work, if i t  required a large capital  investment. 

Avondale has another offshore construction f a c i l i t y  in Bayou Black, 

Louisiana, t ha t  builds s tee l  offshore s t ructures .  This f a c i l i t y  offers  a 
potential s i t e  for  CWP construction and possibly the concrete ship platform; 
however, there will be.a d ra f t  problem. 

3.3.7 National Steel (NASSCO) 

National Steel i s  the largest  private shipyard on the Pacific Coast 
and h i s to r i ca l ly  builds large merchant type ships,  i .e. ,  dry cargo, bulk 
ca r r i e r s ,  tankers, and Navy auxilaries.  I t  i s  believed tha t  NASSCO would have 
an order of work preference placing tankers f i r s t ,  Navy auxi 1 i a r i e s  second,= 
and OTEC structures th i rd ,  because of the probable need to  make capital  



investment and t h e  lack  o f  space. With e x i s t i n g  f a c i l i t i e s  NASSCO cou ld  b u i l d  

t he  s t e e l  sh ip  p l a t f o r m  us ing  Methods 2a through 5 .  It i s  quest ionab le  if 

space i s  a v a i l a b l e  f o r  CWP cons t ruc t i on .  It should be noted t h a t  NASSCO i s  

owned by Morrison-Knudsen, a  l a r g e  i n t e r n a t i o n a l  c o n s t r u c t i o n  con t rac to r  f u l l y  

exper i enced i n  concrete work. 

Bethlehem S tee l ,  San Francisco 

Th is  Bethlehem ya rd  i s  p r e s e n t l y  undertak ing r e p a i r  work; however, up 

t o  about 10 years ago had been c o n s t r u c t i n g  merchant sh ips .  There i s  no 

present  i n d i c a t i o n  t h a t  t h i s  Bethlehem y a r d  w i  11 venture  back i n t o  

511 i pbu l  l d l n g .  However, t h e  parent  Bethlehem company has the  f i n a n c i a l  , . 
managerial  and techn ica l  a'bi 1  i t y  t o  support i t s  San Franc isco  r e p a i r  f a c i  1  i t y .  

It iS be l i eved  t h a t  t h i s  yard  would no t  endeavor t o  undertake 

p la t fo rm work, b u t  i t  c e r t a i n l y  cou ld  manufacture any type o f  CWP w i t h  t h e  

requ i red  spec ia l  equipment. 

3.3.9 Lockheed S. B., S e a t t l e  

Lockheed and i t s  predecessor, Puget Sound Br idge and Dredge Co., have 

been a c t i v e  i n  s h i p b u i l d i n g  f o r  many years  i n  t h e  S e a t t l e  area. Lockheed i s  

h i g h l y  v e r s a t i l e  and has cons t ruc ted  complex merchant ships, i c e  breakers, 

Navy a u x i l i a r i e s  and l a r g e  f e r r i e s .  The ya rd  w i l l  endeavor t o  cont inue i t s  

Navy work. The s h i p b u i l d i n g  f a c i l i t y  has been expanded f rom t h e  o r i g i n a l  

yard,  P l a n t  #1, t o  i n c l u d e  P l a n t  #2 l oca ted  j u s t  across t h e  r i v e r  i n  West 

S e a t t l e .  T h i s  l a t t e r  p l a n t  i s  expandible. 

Whi le t h e  present  ya rd  does no t  have t h e  c a p a b i l i t y  t o  c o n s t r u c t  any 

o f  t h e  several  vers ions  ,of  t h e  s t e e l  sh'ip p l a t f o r m s  o r  concre te  p la t fo rms,  i t  

does have t h e  c l o s e  p r o x i m i t y  t o  deep water i n  Puget Sound. I n  add i t i on ,  t h e  

Lockheed M i s s i l e  and Space Company's i n t e r e s t  i n  OTEC programs makes Lockheed 

S. B. a  pr ime candidate f o r  c o n s t r u c t i o n  o f  t h e  p la t fo rms ,  e s p e c i a l l y  i n  t h e  

concrete f i e l d .  



3.3.10 Tampa.Ship Repair and Triple A Machine Shop 

Both of these repair yards have been included in the assessment since 
they have adequately sized graving docks to build the steel ship platform 

under Method 5. nowever, they, as well as many other repair yards which were 
not considered in this study, do not meet the overall requirements to 
undertake a successful OTEC platform cpnstruction. They lack depth of 
experience, skilled manpower, engineering, etc., which are all requisites for 

an OTEC undertaking. It is anticipated that these two and other repair yards 
will emerge in the OTEC program through 'civil enqineering or tirrn-key 

contractors. The yards should have the capabi 1 i ty of acting as subcontracturs 
for modules and for the CWP. 

3.3.11 Offshore Structure Manufacturing Facilities 

Along the Gulf Coast a number of facilities have been expanded or 
especially established for building offshore structures, such as drilling 
platforms, production jackets, and semi-submersible dri 1 1  ing pl at.forv~~s. Among 

the largest of these yards are: 

J. Ray McDermott & Co. 

Avondal e - Bayou ~1 ack (See Avondale Shipyards)- 
Levingston Shipyard 

Bethlehem - Beaumont 
Alabama Dry Dock 

Marathon Shipbuilding - Vicksburg and Brownsville 

Offshore structure facilities have a good potential for building OTEC 
structures; first, because phases of OTEC technology are fami 1 i ar to these 

firms; and secondly, their facilities are generally more flexible and easier 

to rearrange than the conventional shipyards. 

If these facilities are not fully committed in the 1980's to their 
customary work, the OTEC program might look attractive, providing the yard3 



can w r i t e  o f f  c a p i t a l  cos ts  f o r  new requ i red  f a c i l i t i e s ,  and p r o v i d i n g  

s u f f i c i e n t  water depths become a t t a i n a b l e .  

I n  add i t i on ,  cons ide ra t i on  may be given t o  Of f -shore Power Systems, 

Jacksonvi 1  l e ,    lor ida., who are normal l y  geared t o  f l o a t i n g  nuc lear  power 

p l a n t s .  Th i s  company cou ld  handle concrete, p r o v i d i n g  p l a t f o r m  design changes 

were t o  be considered. 

4.0 ASSESSMENT OF U.S. SHIPBUILDING INTEREST I N  OTEC PROJECT CONSTRUCTION 

Th is  s tudy  has thus  f a r  discussed t h e  c o n s t r u c t i o n  and deployment 

requi rements o f  OTEC p l a t f o r m s  and CWPs. I t  i s  c l e a r  t h a t  t h e  c o n s t r u c t i o n  o f  

t h e  s t e e l  p la t fo rms  and CWPs are w e l l  w i t h i n  t h e  c a p a b i l i t y  o f  t h e  e x i s t i n g  

. . U.S. s h i p b u i l d i n g  i ndus t r y ,  w i t h o u t  t h e  need o f  major f a c i l i t y  investments o r  

an apprec iab le  change i n  p r o j e c t  management p r a c t i c e s .  

4.1 Economic and Risk Assessment 

The c o n s t r u c t i o n  o f  t he  concrete p la t fo rms  and CWP, o the r  than s t e e l ,  

are types o f  work w i t h  which t h e  s h i p b u i l d i n g  i n d u s t r y  has l i t t l e  experience. 

The c o n t r i b u t i o n  o f  t h e  s h i p b u i l d i n g  i n d u s t r y  toward t h e  concre te  sh ip  o r  spar 

type p la t fo rms  would be i t s  engineering, hydrodynamic e x p e r t i s e  and experience 

i n  sh ip  o u t f i t t i n g ,  as w e l l  as supplementing f a c i l i t i e s  w i t h  a  s k i l l e d  l abo r  

force. Cer ta in  l a rge  yards would a l so  be capable o f  organzing a  consor t ium of 

s h i p b u i l d i n g  and non-sh ipbu i ld ing  s k i l l s  needed f o r  such a  p r o j e c t .  

Conversely, l a rge  heavy c i v i l  engineer ing c o n s t r u c t i o n  companies w i t h  

exper ience i n  concrete s t r u c t u r e s  and chemical o r  r e f i n i n g  p l a n t  

c o n s t r u c t i o n  would be e q u a l l y  and p o s s i b l y  b e t t e r  equipped t o  take t h e  lead i n  

,o rgan iz ing  and managing t h i s  t ype  o f  p r o j e c t ,  w i t h  t h e  sh ipyard  t a k i n g  a  

subord ina te  role' .  

The c o n s t r u c t i o n  o f  concrete, FRP, and e l  as tomer CWP s  i nvo l ves  

concepts which app ly  e x i s t i n g  technology t o  s t r u c t u r e s  much l a r g e r  than ever 

b u i l t  before. The problems of s a t i s f a c t o r i l y  connect ing CWP sec t ions  a t  the  

deployment s i t e  a lso  have n o t  been f u l l y  resolved,  and are  no t  examined i n  a 



t h i s  r e p o r t .  It appears t h a t  t h e  r i s k  i nvo l ved  i n  meeting schedules and e a r l y  

c o s t  est imates are  great .  The p ipe  p r o j e c t  i s  one t h a t  a  sh ipyard  o r  c i v i l  

engineer ing f i r m  could. organize and manage. It i s  be l i eved  t h a t  t h e  c l o s e s t  

comparison t o  CWP t ype  o f  cons t ruc ' t ion  problem i s  t he  f a b r i c a t i o n  o f  the  l a rge  

tanks f o r  LNG ships being b u i l t  by G.D. Quincy and Avondale. I n  bo th  

instances, new f a c i l i t i e s  were b u i l t  f o r  t he  express purpose o f  f a b r i c a t i n g  

these l a r g e  h i g h l y  complex aluminum tanks. Q u a l i t y  c o n t r o l  was t h e  p r i n c i p a l  

d i f f i c u l t y  i n  meeting Government regu la t i ons .  

OTEC c o n s t r u c t i o n  bears a  marked s i m i l a r i t y  t o  t h e  g i a n t  o f f sho re  

s t ruc tu res ,  b u t  being much l a r g e r  and heavier .  Offshore c o n s t r u c t i o n  i n  the  

U.S. u t i l i z e s  s t e e l  and i s  performed h i s t o r i c a l l y  i n  sh ipyards o r  spec ia l  

f a c i l i t i e s  concen t ra t i ng  on t h i s  work. I t  would be expected t h a t  yards w i t h  

o f f s h o r e  expe r t i se ,  m o s t l y  i n  t h e  Gu l f  area, might  show a  p r e f e r e n t i a l  

i n t e r e s t  i n  OTEC work. The aerospace i n d u s t r y  w i t h  i t s  ex tens ive  exper ience 

i n  managing m u l t i b i l l i o n  d o l l a r ,  h igh  technology p r o j e c t s  may a l so  show great  

i n t e r e s t  i n  OTEC. T h i s  i s  i n d i c a t e d  by Lockheed M i s s i l e  and Space Co. 

involvement i n  OTEC f o r  t h e  pas t  seve ra l  years.  

As t h e  p1al;forrn and CWP se lec t i on  narrows and t h e  many design, 

funding and management problems are  resolved, i t  i s  a n t i c i p a t e d  t h a t  o ther  

yards, i n d u s t r i a l  c o n t r a c t o r s  and consort iums may show increased i n t e r e s t  i n  

OTEC cons t ruc t i on .  

A t  t h i s  time, most U.S. sh ipyards are  i n  need o f  work, as i s  

demonstrated i n  a  recent  assessment o f  major yards by t h e  Mar i t ime 

Admini s t r a t i o n  ' i n  F i g u r e  4-1. T h i s  does n o t  i n d i c a t e  t h e  whole s to ry .  F i g u r e  

4-2 shows t h e  t o t a l  manning requirements f o r  work under c o n t r a c t  on October 1, 
1979, f o r  t h e  25 l a r g e s t  .U.S. sh ipyards.  It i s  apparent t h a t  new c o n t r a c t s  

are needed t o  ma in ta in  employment a t  p resent  l e v e l s .  F i g u r e  4-2 a l so  

i n d i c a t e s  t h e  increase i n  shipyard employment on ' the bas i s  o f  p r o j e c t i o n s  made 

by MarAd and Navy which w i l l  be d iscussed he re ina f te r .  

Sec t ion  3.0 of t h i s  r e p o r t  f u r t h e r  i d e n t i f i e s  t h e  shipyards t h a t  are 

considered t o  have the  g r e a t e s t  p o t e n t i a l  f rom a  f a c i  1  i , t y ,  eng ineer ing  and a 



FIGURE 4- 1 

SHIPYARD STATUS: NEED FOR MEW BUSDNESS 
U.S. DEPARTIVIECUT OF COMMERCE 

MARITIME ADMIN1STRATION 
TlME NOW 

$)- 

AVONDALE - N.O., LA. 
BATH IRON WORHS - BATH, ME.  

BAY SB - STURGEON BAY, W I .  

BETH STEEL - SP. PT., MD. 
GEN. DYN. - OUINCV, M A .  

INGALLS - PASCAGOULA, MS. 

LEVIFJGSTON - ORANGE, TX. 

LOCKHEED - SEATTLE, WA. 
NASSCO - SAN DIEGO, CA. 

NPNPOHT NEVJS, VA. 

SUFJ - CHESTER, PA. 

TODD - SAPI PEDRO, CA. 

TODD - SEATTLE, WA. 

END OF BAR INDICATES WliEN YARD NEEDS NEW CONTRACTS IN ORDER TO M A I N T A I N  ADEQUATE 
BACKLOG FOR AVAILABLE FACILITIES AND IVlANPOWER. ASSUME 8 MOPITH ADMINISTRATI'JE AND 
?RE FA6  T l M E  (LEAD TIME BEFORE KEEL LAYING). 



management p o i n t  o f  view t o . c o n s t r u c t  OTEC s t r u c t u r e s .  Appendix C conta ins  

t h e  employment p r o j e c t i o n  f o r  each o f  these yards which i l l u s t r a t e s  t h a t  most 

of t he  work now under c o n t r a c t  w i l l  be e s s e n t i a l l y  completed by 1982. 

As a l ready mentioned, F i g u r e  4-2 shows the  p r o j e c t e d  U.S. 

s h i p b u i l d i n g  t o t a l  work load based on bes t  program est imates through FY85. 

Even w i t h  t h i s  a d d i t i o n a l  work, t h e  t o t a l  i n d u s t r y  employment would drop below 

t h e  c u r r e n t  1979-80 l e v e l .  Th i s  i n d i c a t e s  a  need f o r  s i g n i f i c a n t  program 

increases t o  ma in ta in  employment a t  t he  c u r r e n t  l e v e l .  

These program p r o j e c t i o n s  are i n  a  constant  s t a t e  of f l u x .  

Cu r ren t l y ,  t h e r e  are  a  number o f  major i n i t i a t i v e s  the  Government has under 

cons ide ra t i on  t h a t  cou ld  i ncrease t h e  sh ipyard  workload and employment 

. p r o j e c t i o n s  subs tant i  a1 l y .  Some o f  these are: 

(1) Increased Navy c o n s t r u c t i o n  i n  t he  1980-1985 t ime frame from 

about 65 t o  95 ships,  i n c l u d i n g  c o n s t r u c t i o n  o f  14 commercial 

type m o b i l i z a t i o n  sh ips  

- ( 2 )  Program t o  rep lace  l a rge  steam t u r b i n e  p ropu ls ion  p l a n t s  w i t h  

d iese l  engines i n  about 70 comnercial  sh ips  

( 3 )  A 28 sA ip  d r y  bu l k  s h i p  program 

(4 )  The e a r l y  r e b u i l d i n g  or  m o d i f i c a t i o n  o f  U.S. tanker  f l e e t  t o  

meet i n c r e a s i n g l y  s t r i n g e n t  I M C O  and U.S.C.G. requi rements 

( 5 )  The p o s s i b l e  enactment o f  cargo preference o r  b i l a t e r a l  t r a d e  

agreements i nc reas ing  t h e  share o f  U.S. f o r e i g n  t r a d e  c a r r i e d  i n  

U.S. sh ips,  and hence increased comrnerci a1 c o n s t r u c t i o n  

(6 )  Increased demand f o r  o f f  shore d r i  11 i n g  ships, p la t fo rms,  

j ackups , etc .  

The poss ib i  T i t i e s  would increase the  demand on shipyards and would be 

competing w i t h  OTEC f o r  s k i l l e d  personnel,  b u i l d i n g  dock and f a c i l i t y  space i n  

t h e  1980's. 

On t h e  o the r  hand, t h e r e  i s  t h e  p o s s i b i l i t y  t h a t  c e r t a i n  fea tu res  of 

t h e  "Omnibus Mar i t ime  B i l l "  H.R. 4769 would become law which pe rm i t s  c e r t a i n  

U.S. f l a g  sh ips  t o  be b u i l t  overseas. Th is ,  i t  i s  bel ieved,  would take  woFk 
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away from U.S. shipyards and depress employment by about 11,000 production 
workers. However, some compromise on t h i s  legis lat ion i s  anticipated. I n  any 
event, the yards best suited f o r  OTEC construction would be the ones acquiring 

the bulk of the Navy and large merchant ship construction contracts i n  the 
1980-1990 time frame. 

In assessing the capabi 1 i  t y  and attactiveness of OTEC construction,'  

consideration must be given to funding, contracting methods and 
respons ib i l i t ies .  The preferable method of constructing, transporting, 

deploying and s t a r t ing  up of the 400MW OTEC plant ,  wou.ld be through a turn-key 
operation. The current cost of t h i s  project without even cnnqidering 
escalation into the mid 1980's will eas i ly  exceed one-half b i l l ion  dol lars  and 
may well approach one b i l l ion  dollars.  Whether any s ingle  contractor or 
consortium would undertake a turn-key operation of t h i s  magnitude and r i sk  i s  
undertermined. 

Alternatively, the project could be divided into a number of'  d iscreet  

contracts or combinations thereof,  such as: 

- Construction of complete platforms, including energy sys'tems 
- Transportation of platform and deployment 
- Attachment of modules and seawater systems a t  s i t e  
- Construction of CWP 

- Transportationof CWPto s i t e  
- Assembly of CWP and attaching to  platform 
- Mooring system 

- Transportation system 
- Start-up. 

The degree of overall respons ib i  1 i  t y  and do1 1 a r  value of the many 
OTEC phases will influence potential  contractor in t e res t  during the bidding 
and/or negotiating period; 

4.2 OTEC Outlook 

In an attempt to  determine current in te res t  of the shipbuilding 



i n d u s t r y  i n  OTEC s t r u c t u r e s ,  o f f i c i a l s  o f  s i x  major sh ipyards  were i n f o r m a l l y  

contacted. The shipyards contacted were: 

Bethlehem 

General Dynamics- Qu incy  

Newport News 

Avondal e  

NASSCO 

Lock heed 

A1 1  of these shipyards expressed i n t e r e s t  i n  OTEC and were a1 1  

i n t e r e s t e d  i n  s t e e l  s t r u c t u r e s .  I n  most cases, l i t t l e  i n t e r e s t  was i n d i c a t e d  

f o r  concre te  s t r u c t u r e s  o r  b u i l d i n g  new f a c i l i t i e s  un less  t h e  OTEC program 

o f fe red  good prospects f o r  long  term p r o f i t a b l e .  work. 

Two shipyards, Cockheed and Newport News ( O f f  shore Systems, Inc .  ) 

seem v e r y  i n t e r e s t e d  i n  OTEC w i t h o u t  p a r t i c u l a r  regard  t o  m a t e r i a l s  o r  

c o n f i g u r a t i o n .  Avondale i n d i c a t e d  i n t e r e s t  a l so  i n  heat  exchangers 'and would 

subcont rac t  t h e  concre te  work. 

I n  a l l  cases ' t h e  sh ipyard  i n t e r e s t  would u l t i m a t e l y  depend upon more 

complete t e c h n i c a l  data, and s i z e  and l eng th  o f  t h e  OTEC c o n s t r u c t i o n  program. 

4.3 R i  sk Assessment Methodology 

The preceding rev iew o f  OTEC c o n s t r u c t i o n  requi rements and assessment 

of t h e  present  c a p a b i l i t y  and exper ience o f  t h e  U.S. shipbui-lding i n d u s t r y ,  . 

suggests t h a t  a  s u b s t a n t i a l  range o f  r i s k s  may be i n v o l v e d  i n  t h e  c o n s t r u c t i o n  

and program management o f  OTEC s t r u c t u r e s .  The r i s k s  a l so  i n v o l v e  meet ing 

budget est imates and t h e  assoc ia ted  t ime schedules. 

D e f i n i t i o n  

Risk i s  def ined as exposure t o  t h e  chance o f  i n j u r y  o r  l o s s  and t h e  

degree o f  p r o b a b i l i t y  o f  such l oss .  The OTEC program has developed and = 

analyzed a  g r e a t  number o f  a l t e r n a t i v e  s t r u c t u r e s  and equipment concepts which 

i n v o l v e  many new and i n n o v a t i v e  designs and c o n s t r u c t i o n  procedures. 



The c r e d i b i  1  i t y  and success o f  t h e  OTEC program w i  11 depend on 

thorough, ob jec t i ve ,  h i g h l y  p r o f e s s i o n a l .  p lanning.  T h i s  must i nc lude  a  

r e a l i s t i c  eva lua t i on  of r i s k  f a c t o r s  invo lved i n  design, cons t ruc t i on ,  

o u t f i t t i n g  and deployment, and a lso  meeting t ime schedules and budgeted costs. 

I n  order  t o  eva lua te  t h e  va ry ing  degrees o f  r i s k ,  t h e  f o l l o w i n g  

fac to rs  have been i d e n t i f i e d :  

1. 

11. 

111. 

I V .  

v. 
V I  . 

V I I .  

V I I I .  

I X .  

X. 

X I .  

X I I .  

R isk management ph i losophy 

~ e c h n i c a l  s t a t e - n f - t h e - a r t  

Technical  t a l e n t  requ i  r e d  

A v a i l a b i l i t y  o f  c o n s t r u c t i o n  f a c i l i t i e s  

F i e l d  superv i so rs  and s p e c i a l  i s t s  r e q u i r e d  

Deployment capabi 1  i t y  

E f f i c i e n c y  o f  program o r g a n i z a t i o n  

C a p a b i l i t y  o f  program management 

P r o b a b i l i t y  o f  meeting schedules 

Probabi 1  i t y  o f  s tay ing  w i t h i n  budget 

P r o b a b i l i t y  o f  c o n t i n u i t y  o f  fund ing  

V u l n e r a b i l i t y  o f  "Acts o f  God" 

For each of these above f a c t o r s ,  f o u r  l e v e l s  ,of r i s k  have been 

i d e n t i f i e d ,  namely: 

Level  1 - Low 

Level  2  - Normal 

Level  3 - High 

Level  4  - Very High 

Each r i s k  l e v e l  f o r  each o f  t h e  a f o r e l i s t e d  f a c t o r s  i s  de f i ned  i n  Appendix D 

and thus each f a c t o r  i s  def ined.  

4.3.2 Procedure o f  Ana lys i s  

I n  o rder  t o  d i s p l a y  t h e  r e l a t i v e  l e v e l s  o f  r i s k ,  F i g u r e  4-3 has been 



F I G U R E  4-3 

I. 

11. 
111. 

IV. 
v. 

VI. 

VII. 

VIII. 

IX. 
X. 

XI. 

X,II. 

FACTOR 

S M I P L E  OTEC STRUCTURE R I S K  ASSESSMENT 

Platforms CWP - Ships 

Risk management philosophy. 

Technical state of the art. 
Technical talent required. 
Availability of construction facilities. 

Field supervisors and specialists required. 

Deployment capability. 

Efficiency of program organization. 

Capability of program management. 

Probabi.lity of meeting schedules. 

Probability of staying within budget. 

Probability of continuity of funding. 

Vulnerability to "~cti of God." 
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developed as an i l l u s t r a t i v e  e f fo r t  showing the general consensus of the study 
participants.  Included as a base are r i  sk ev.aluations for  a 200,000 DWT 

tanker and a 130,000 cubic meter LNG ship fo r  comparison w i t h  the various OTEC 

structures considered in t h i s  report. 

When analyzing the judgments enumerated in Figure 4-3, i t  i s  not 
recommended tha t  the r i sk  level of each of the several factors be averaged, 
since no attempt has been made to  assign re la t ive  weights to  individual 
fac.tors. I t  i s  considered tha t  such weight assignment would be of l i t t l e  

value when%n unacceptable risk level in any one of the factors  might 
completely disqualify the OTEC s t ructure from consideration. 

I t  should be noted in Figure 4-3 tha t  we have not considered: 

'I. Risk management phi losophy. 
VII. Efficiency of program organization. 

VIII . Capabi 1 i ty  of program management. 
as we have no knowledge of these specif ic  factors .  I t  i s  recommended that  the 
evaluation of r isk be a continuing process by OTEC management which would 

attempt to  reduce unnecessary ident i f iab le  r i sks  as the program progresses. 

5.0 FINDINGS 

U 
This assessment study provides the basis t o  determine U.S. 

shipbuilding capabi l i t y  to  construct the 400 MWe OTEC platforms and 
corresponding cold water pipe. The findings enumerated herein are based on 

design and  engineering s tudies  made avai lable by the tovernment. I t  i s  
recommended that  when selecting the f ina l  OTEC platform t o  be bui l t , .  t ha t  a 
review of the design f o r  ease of construction be performed in order t o  
f a c i l i t a t e  program completion within schedule and cost. 

Table 5-1, U.S. Shipyard Capabili t ies of Platform Construction, i s  a 

sumnary of each platform type under varying construction methods. I t  

indicates the ava i l ab i l i t y  of graving docks, access channels, and shallow and 

deep water s i t e s .  A number of findings have evolved, which are: - 



TABLE 5 -1  

P l a t f o r m  Type 

C o n c r e t e  S h i p  XHE 
cn klethod 1 

C o n c r e t e  S h i p  XHE 
Method 2 

C o n c r e t e  S p a r  XHE 
Nethod 1 ( 8 )  (9)  

C o n c r e t e  Spar  XHE 
I.lethud 2 ( 8 )  

U 
Concl -e te  S p a r  TllE 

U. S. SHIPYARD C A P A B I L I T I E S  OF PLATFORII CONSTRUCTI(knl 

G r a v i n g  Dw! Acces s  Channe l s  ( 2 )  S h a l l o w  Wate r  S i t e  ( 1 )  Deep Water  S i t e  (1) 
n x  - nwc lwc "2% - lwc n x  - .  Iwc - 

N A N A P u g e t  Puge t P u g e t  Puge t Not R e q u i r e d  
Sound Sour-d Sound ( 7 )  Sound ( 7 )  

Long 
Beach , 

San F r a n .  

N A NA I Puge t  Pugf t 
Sound Sound 

Long . Long 
Beach Beach 

San F r a n .  San F r a n .  

N A N A Puge t  Puge t 
Sound Soufid 

Long. 
Beach 

Puge t  
Sound ( 7 )  

Puge t  
Sound ( 7 )  

N A N A Puge t Many U.S.  Puge t 
Sound s i . t c s  , l l awa i i  Sound 

P u e r t o  I t ico 
Long 
Beach 

San  F r a n .  

N A N A lluge t Puge t  
' Sound (10 )  Sound (10) 

Not Reqcsired 

Not R e c u i r e d  

Puge t  Puge t 
Sound ( 3 )  ' So1.1nd ( 3 )  

( 10 )  (10) 
(11 )  (1.1) 

Puge t Puge t Puge t  
S O L I I I ~  Sound ( 3 )  Sound (3)  

(10 )  (10 )  
(11 )  (11)  

Not Requi r e d  



Steel Ship 
(XIIE and IHE) 

Method 1 

Method 2 

Method 2a 

Method 3 

Method 4 

Method 5 (5) 

1 - East Coast 

3 - E E S ~  Coast 
2 - Gulf 
1 - West Coast 
3 - East Coast 
2 - Gulf 
1 - \Jest Coast 
3 - East Coast 
2 - Gulf 
1 - West Coast 

4 - East Coast 
3 - Gulf 
3 - West Coast 

Available 

Available 

Available 
I 

Availabl- 

e- 

Available (6) 

Available (6) 

Avail3ble (6) 

Available (6) 

Available (6) 

Not Required 

Not Required 

Not Required 

Not Required 

Not Required 

NO'I'ES: NA - Capability not available. 

Sheltered or partially sheltered sites 
Consider channel depths presently available. 
Completion site, where very large portion of work is actually performec. 
Original Method 2 proposes constructing tido Longitudinal halves in single long dock; however, 

it is assumed that each half may be constructed in sequence or i.n twc separate docks, 
each then floated out and joined. This increases the number of pol:el:tial yards In all coastal areas. 

Method 5 [nay be used, but considered i~npracti.cable and cost 1 y . 
Site where platform sections are floated off barges after wel.di.ng top,ctYher, usually in 100' water. 
For attaching n~odules; platform after outfitt.ing may be toweci to module installation site. . 
While concrete spar XIIE may be started in several U.S. si.tes other than Puget Sound, the greatest 

portion of work must he accomplished in deep water, either Puget Soulul or off-shore. 
DNV has developed alternate construction methods; however, i.nsufEicnct design data avai1.able to 
evaluate shipyard capability. 

1:ugec Sound work restricted by draft limitations of 30 fi1Ll101ns i.n I'ort 'l'ownsend ;area for tow-out t o  s e a .  
(.onsi.del- off-sl.lor.-e construct ion work bcyontl Part 'l'ownscntl i 11 the Strait: of J1.1cln tlc Fuca cc.) be 11azal-dt)ils 
anti ri.sky. 



- OTEC p l a t f o r m  c o n s t r u c t i o n  increases i n  d f f f i c u l t y  i n  t h e  

f o l l o w i n g  sequence: 

1. S tee l  s h i p  p l a t f o r m  ( e i t h e r  XHE or  IHE) 

2. Concrete sh ip  p l a t f o r m  w i t h  XHE 

3. Concrete spar w i t h  XHE 

4. Concrete spar w i t h  IHE 

- The s t e e l  s h i p ' p l a t f o r m  may be b u i l t  w i t h  e x i s t i n g  f a c i l i t i e s  i n  

a  number o f  shipyards having complete capabi 1  i t y  throughout  t he  

U.S. (See Table 5-1)  

- Cons t ruc t i on  o f  t h e  concrete ship w i t h  XHE i s  f e a s i b l e  on the  

West Coast p r o v i d i n g  a  s u i t a b l e  b u i l d i n g  dock and concrete p l a n t  

a re  b u i l t .  However, o n l y  t h e  Puget Sound area has s u f f i c i e n t  

depth t o  pe rm i t  upside-down cons t ruc t i on ,  Method 2 ,  w i t h  e i t h e r  

nwc o r  Iwc and complete o u t f i t t i n g .  

- U.S. sh ipyards have t h e  general  capabi 1  i t y  t o  c o n s t r u c t  t h e  
concrete ship p la t fo rm.  Since new o r  supplemental y a r d  i s  

requ i red ,  l a r g e  shore-s ide o r  o f f s h o r e  heavy c o n s t r u c t i o n  f i r m s ,  

e i t h e r  alone o r  i n  a  consort ium w i t h  a  sh ipyard  o r  others,  may 

a l s o  be i n te res ted .  

- The concrete spar w i t h  XHE (Methods 1 and 2 ) ,  w i t h  e i t h e r  nwc o r  

Iwc, may o n l y  be cons t ruc ted  i n  t h e  Puget Sound area. While 

t h e r e  i s  s u f f i c i e n t  she l te red  deep water between S e a t t l e  and 

Eve re t t ,  i t  should be noted t h a t  channel r e s t r i c t i o n s  of about 

30 fathoms near P o r t  Townsend would r e q u i r e  t h e  spar t o  be towed- 

t o  sea i n  a  h o r i z o n t a l  p o s i t i o n .  I n  a d d i t i o n ,  any o f f s h o r e  work 

accomplished i n  t h e  S t r a i t  o f  Juan de Fuca would be considered 

hazardous and c o s t l y .  

- The concrete spar w i t h  IHE us ing  Iwc may o n l y  be cons t ruc ted  i n  

a  s u i t a b l e  dock i n  t h e  Puget Sound area. The same tow-out d r a f t  

problems e x i s t ,  as i n d i c a t e d  f o r  t h e  spar w i t h  XHE, r e s u l t i n g  i n  



h o r i z o n t a l  towing t o  sea cond i t i ons .  The c o n s t r u c t i o n  of t h e  

spar w i t h  IHE,using nwc i s  no t  poss ib le  i n  t h e  c o n t i n e n t a l  U.S. 

- The pr ime c o n t r a c t i n g  i n t e r e s t  f o r  t h e  concrete spars i s  

be1 ieved t o  be l a r g e  shore- side o r  o f f  shore heavy c o n s t r u c t i o n  

f i r m s ,  w i t h  t h e  p o s s i b i l i t y  o f  e n l i s t i n g  a i d  from sh ipyards  and 

o t h e r ' s p e c i a l t y  groups. Several  shipyards have, however, shown 

bona-f ide i n t e r e s t  i n  any OTEC work. Reference has been made t o  

p o s s i b l e  o f f  shore c o n s t r u c t i o n  o f  t h e  concrete spars i n  t he  

Hawaiian I s lands  where moderate sea c o n d i t i o n s  are  u s u a l l y  

encountered. F a c i l i t i e s  f o r  t h i s  c o n s t r u c t i o n  do n o t  p r e s e n t l y  

e x i s t  on t h e  is lands .  Moreover, t h e  area does encounter storms 

which would add t o  the  cos t  and r i s k  o f  cons t ruc t i on .  I n  

add i t i on ,  t r a n s p o r t a t i o n  and labor  'costs a re  g rea te r  i n  Hawaii 

' t h a n  i n  t h e  c o n t i n e n t a l  U.S. 

- Assuming t h e  designs, m a t e r i a l s  and manufactur ing methods of t h e  

var ious  CWPs have been determined, t h e  c o n s t r u c t i o n  o f  these 

p ipes  - may be accomplished by any o f  t h e  major sh ipbu i lders ' ,  

p r o v i d i n g  t h e  b u i l d e r  i s  w i l l i n g  t o  e s t a b l i s h  a  separate 

manufactur ing center ,  p r e f e r a b l y  w i t h i n  t h e  y a r d ' s  p h y s i c a l  

boundaries. The CWPs can a l so  be cons t ruc ted  by  any competent 

major manufacturer  i n  t h e  U.S. w i t h  access t o  water 

t r a n s p o r t a t i o n .  I t  i s  noted t h a t  t r a n s p o r t a t i o n  o f  a  sec t i ona l  

p ipe  on barges i s  much l ess  compl icated than towing t h e  e n t i r e l y  

assembled pipe. 

- The s h i p b u i l d i n g  i n d u s t r y  i s  c u r r e n t l y  i n  a  d e c l i n i n g  employment 

mode th rough 1982; however, some s t a b l i z a t i o n  i s  a n t i c i p a t e d  

based on Navy and MarAd est imates through FY85. 

- Planned, b u t  y e t  indeterminante,  Navy programs, i f  f i n a l l y  

funded, would p lace  cons iderab le  work i n  t h e  major shipyards 

h i s t o r i c a l l y  c o n s t r u c t i n g  Navy ships,  t hus  decreasing t h a t  

segment o f  t h e  i n d u s t r y ' s  i n t e r e s t  i n  OTEC p l a t f o r m  cons t ruc t i on .  



- ' Passage o f  t h e  "Omnibus Mar i t ime B i l l "  H.R. 4769, i f  passed as 

o r i g i n a l l y  w r i t t e n ,  would depress U.S. commercial s h i p b u i l d i n g ;  

however, some compromise o f  t h i s  b i l l  i s  an t i c i pa ted ,  which 

would remedy t h i s  de fec t .  

- U.S. sh ipyards,  i n  a b r o a d ' c o n t e x t ,  would p r e f e r  e i t h e r  Navy 

and/or c o m e r c i a l  sh ip  cons t ruc t i on ,  p r o v i d i n g  such long-range 

programs are ava i l ab le ,  un less  OTEC c o n s t r u c t i o n  o f fe rs  promise 

o f  long-term more p r o f i t a b l e  work. 

= I t  i s  be l i eved  t h a t  t h e r e  i s  s u f f i c i e n t  sh ipya rd  i n t e r e s t  t o  

c o n s t r u c t  t h e  s t e e l  sh ip  p la t fo rm.  

- There are  a  number o f  smal l e r  sh ipyards  who have n e i t h e r  t h e  

f a c i l i t i e s  o r  t h e  present  e x p e r t i s e  t o  c o n s t r u c t  t h e  p la t fo rms .  

However, a f t e r  a  f i n a l  s e l e c t i o n  o f  p l a t f o r m  type has been made 

and.add i t iona1 eng ineer ing  has been completed, i t  would n o t  be 

unreasonable t o  have one o f  t h e  smal le r  yards, I n  a  consor t ium 

w i t h  others,  show i n t e r e s t  i n  ' the  b idd ing  o r  nego t i a t i ng .  

. . 

- Const ruc t ion  o f  t h e  s t e e l  s h i p  p l a t f o r m  cou ld  commence , i n  t h e  

e a r l y  80 '  s  p r o v i d i n g  t h e  f i n a l  design and c o n t r a c t  p lans  were 

completed. However, i n  t h e  absence o f  design and p lan  

f i n a l i z a t i o n ,  it i s  b e l i e v e d  c o n s t r u c t i o n  cou ld  o n l y  s t a r t  i n  

t h e  mid  80's. For s i m i l a r  reasons, p l u s  t h e  need fo r  new 

f a c i l i t i e s ,  t h e  c o n s t r u c t i o n  o f  t h e  concrete sh ip  and spar w i  11 

no t  commence u n t i l  t h e  l a t e  80 's .  

- The o v e r a l l  r i s k s  associated w i t h  most OTEC s t ruc tu res  t o  be 

b u i l t  w i t h i n  budget and on t ime  appear t o  be s u b s t a n t i a l l y  

g rea te r  than l a r g e  o r  complex commercial sh ips.  
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APPENDIX A 

FACILITY CAPABILITIES OF SHIPYARDS 



FACILITY CAPAaILITIES FOR SHIPYARDS 

Name: Gene ra l  Dynamics Corporation 
Quincy  S h i p b u i l d i n g  D i v i s i o n  ' 
97 ~ a b t  ~ o k a r d  street 
Quinc'y , Mass. 02169 

1." Type o f  f a c i l i t y  - g r a v i n g  docks 

2 .  Dock d imens ions  - 5 q u a l i f y i ~ l g  docks  

Dock S i z e  

M ~ x i c u n  
Sh ip  S i z e  
LOA-Bean 

Depth 
Over S i l l  

. 2 8 '  

3 .  Crane L i f t  C a p a c i t y  

1 - 1200 t c n  'gantry - s e r v i c e s  (d rydocks)  
b a s i n s  $6 and #7 

1 - 150 t o n  g a n t r y  - s l i p s  #11 and {I12 

4 .  Neare s t  f l o t a t i o n  s i t e  - 8 0 . 5  km (50' m i . )  
Cape Cod Bay - 20 fathoms o f  v7ater 

5 .  1 7 5 '  w i d e  b r i d g e  l i m i t s  a c c e s s  t o  y a r d  



FORE RIVER 



FACILITY CAPABILITIES FOR SHIPYARDS 

Name: Sun Shipbui ld ing  & Dry Dock Corp. 
Fcot  of Morton Avenue 
Ches te r ,  Pa. 19013 

1. Type of f a c i l i t y  - f l o a t i n g  drydock and shipway 

2 .  Dock dimensions - 4 q u a l i f y i n g  shipways 

Maximum 
Ship S i z e  Depth 

Shipway S i z e .  LOA-Beam Over S i l l .  

2 - SIJ 700' x 137'  1400' x 195 '  
(when j  oined)  

2 - F3 350' x 157'  28 ' 
(-Used f o r  launching and 
( j o i n i n g  s h i p  h a l v e s .  ) 

3 .  Cxene L i f t  Ca?acj.ty 

1 - 8 C G  t c n  ba rge  c rane  

- 250 con boom - 
- 75 ton  

4 .  Nezrest  f l o t a t i o n  s i t e  - 152.9 km (95  mi) through 
Celavare River and De1a:care Bay Co 20 fathom 
cc rve  of t h e  A t l a n t i c  Ocean. Due e a s t  of  Cape 
E e n l c ~ e n .  



SUN SHIPBUILDING b DRYDOCK CO. 

W E T  OOCKS 

2 1 T O N  35l'ON 2 1  T O N  
55' UOOM 35' UOOM 55' OOOM 

OPEN STORAGE Ai tEA 

(Y l-l 

a a o a 



FACILITY FOR 

Nane: Bethlehem S t e e l  Corp.  
Sparrows P o i n t  Yard 
Sparrows P o i n t ,  Pld. 21219 

1. Type o f  f a c i l i t y  - g r a v i n g  dock 

2 .  Dock d imens ions  - 1 q u a l i f y i n g  

Dock S i z e  

Maximum 
S h i p  S i z e  
LOA-Beam 

'Crane L i f t  C a p a c i t y  

Depth 
Over S i l l  

2 - 100 t o n  r z i l  c r a n e s  

7 5  x 50 t o n  tower  c r a n e s  

4 .  Nea re s t  f l o t a t i o n  s i t e  - 290 km (180 mi)  
t h rough  Chesapeake Bay t o  20 fa thom c u r v e  
7 2 . 4  km (45 mi)  due east  o f  Cape Henry. 



BETHLEl4E.M STEEL C O R P O R A T I O N  
SPARROWS PUlNT Y A K 0  

100 TON 
1 3 0 '  BOOM 

pATA?SCO R I V E R  

BLACKSMITH 

-- 



FACILITY CAPABILITIES FOR SHIPYARDS 

Name: Newport News S h i p b u i l d i n g  and Dry Dock Co. 
4101 Washington Avenue 
Newport News, Va. 23607 

1. Type of  f a c i l i t y  -' g r a v i n g  docks 

2 .  Dock dimensions  - 3 q u a l i f y i n g  docks 

Dock S i z e  

Maximum 
Sh ip  S i z e  
LOA-Beam 

960 '  x 124 '  

Depth 
Over Si.11 

3 .  Crane L i s t  Capac i ty  

1 - 900 t o n  g a n t r y  - s e r v i c e s  1600 f t .  dock 

1 - 310 t o n  g a n t r y  - s e r v i c e s  t h e  960 f t .  and 
1100 f t .  docks 

140 t o n  mob i l e  c r a n e s  
65  t o n  locomot ive  and f l o a t i n g  c r a n e s  

4 .  Nea re s t  f l o t a t i o n  s i t e  - 20 fathom c u r v e  1 2 1  km 
(75  mi) from the s h i p y a r d  o r  7 2 . 4  km (45 m i l e s )  
due e a s t  of  Cape Henry. 
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FACILITY CAPABILITIES FOX SHIPYARDS 

Name: Tampa Ship Repair 6 Drydock Co. ,  I n c .  
P.O. Box 1277 
Hooker's Po in t  
Tampa, F l o r i d a  33601 

1. Type of f a c i l i t y  - graving  dock 

2.  Dock dimensions - 1 q u a l i f y i n g  dock 

Dock S ize  

Maximum 
Ship S i z e '  
LOA-Beam 

Depth 
Over S i l l  

3 .  Crane L i f t  Capacity 

175 ton  g a n t r i e s  

4 .  Nearest  f l o t a t i o n  s i t e  - 5 6 . 3  km (35 m i )  t o  
20 fathom curve i n  t h e  Gulf of Mexico. 



SLUDGE TANKS 

TAMPA SHIP REPAIR AND DRY DOCK CO.  
TAMPA, FLORIDA 



FACILITY CAPABILITIES FOR SXIFY.4RDS 

Name: Ingalls Shipbuilding Division Litton Industries 
P.O. Box 149 
Pascagoula, Miss. 39567 

1. Type of facility - Level building positions 

2. Dock dimensions - launch from 5 qualifying 
positions 

Launch 
Max irnum 
Ship Size Depth 

Dock Size LOA- Beam Over Sill 

3 .  Crane Lift Capacity 

6 - 200 ton 

- 25 to 75 tons 

4 .  Nearest flotation site - 64.4 km ( 40  mi) to 
20 fathom curve south of Pascagoula Harbor 
entrance. 

(1) Used for launching ships. 



MULTI- 
PUHPlOSE 

ULDC. n COMBINED 
StiOPS 

INGALLS SHIPBUILDING 
. . 1) I v 1s [OM 01: L ~ . I . ' I : O N  :;Y S'I'KEIS , I NC . 

WEST GANK 
-- . 

\-.-.- 
1 ';e;C,l( X , i J b  A i: L\llCl< 

?--- 
2-50 T 1-50 T I-YJT 

1 EAST WklARF 2,700. 1 ! x O '  156' 

I I  I 
U U 

2 -,l,-/yl* 
I r w i  ! 11 150'  

1 2 1  ,- . -, / 
l a 

l a l  W U. 

1 p 1  I .  
- 1  I I " ' l  I 

I 
tIELIPORT I l ; i l  I I----? I I 2 1  
I .I I L5-J 

2 - - 2 0  'S HI1.lIX;I: - - - -- -- - - 
:$)I lJ:l: l ; i~ l~ :c s l~~v  !-,-. -; 1 (:A,.! l'l:y C':Ibu,xS L--J I 

.;ELL f T R A G i  
I 
I FAElHlCATlON 1-1 0 

1-1 -1 BUFFER AREA I 
I 

z 

\ADMINISTRATION 

z 0 0  
PANEL SHOP z -7 

= l a  

4, 
O P A l N T  St-IOP 

ADMINISTflATION ANNEX A 
I- V) t 

1 3 2.; EKH)UIE iCSI.;blLII.Y 
I ;;-. CJ K! 

' ~ l l l ~ - A . S ~ i ~ l l ~ ~ ~ ~  
\. Z;I.I;"I.:I) I IY  

G-rlO 'IYXJ N\II) 
LI- 15 'I'( N 
l \ l {  11<:1: ( YNI~l :~ '  ~:lm::s 



FACILITY CAPASILITIES FOR SHIPYARDS 

Name: Avondale Shipyards, Inc. . 
P.O. Box 50280 
New Orleans,. La. 70150 

1. Type of facility - floating dock for launching 
and ship ways 

2. Dock dimensions - 2 qualifying units 
Maxinun 
Ship Size Depth 

Shipway Size LOA-Beam Over Siil 

37' 
(used for 
launcning) 

sw 1050' x 174' 1020"~ 174' (Launching on FD) 

.SW 1165' x 130' 1200' x 126' ' (Side launching) 

3. Crane Lift Capsrity 

600 ton barge crane 

200 ton fixed 

4. Nearest flotation site - 214 kn (133. mi) through 
Nississippi River to 20 fathom curve in Gulf 
of Mexico 



AVONDALE SHIPYARD 

MlSSlSSlPPl RIVER 
TRANSFER DOCK 

900' L.0 A. s 260' BEAM I 



FACILITY CAPABILITIES FOR SHIPYARDS 

Name: National Steel and Shipbuilding Co. 
28th Street and Harbor Drive 
San Diego, Calif. 92138 

1. Type of facility - building dock 
2. Dock dimensions - 1 qualifying dock 

Maximum 

. Dock Size Ship Size 
LOA-Beam 

3 .  Crane Lift Capacity 

- 175 ton gantry 
- 60 ton 

Depth 
Over Sill 

4. Nearest flotation site - 7 2 . 4  km (45 zi) to 
Isthmus Cove, Santa Catalina Island, Calif. 



NATIONAL STEEL AND 
SHIPBUILDING CO. 



Appendix A-9 

FACILITY CAPABILITIES FOR SHIPYARDS 

Name: Bethlehem Steel Corp. 
San Francisco Yard 
P.O. Box 7963 
San Francisco, Calif. 94120 

1. Type of facility - floating dry dock 
2. Dock dimensions - 1 qualifying dock 

. Dock Size 
900' x 148' 

Maximum 
Ship Size Depth 
LOA-Beam Over Sill 

3. Crane Lift Capacity 

- 60 ton 
4. Nearest flotation site - 611 km (380 mi) to 

Isthmus Cove, Santa Catalina Island, Calif. . 



SAN F ItANCISCO 
PRRT 

COMMISSION 

BETHLEHEM STEEL CORP. 
SAN FRANCISCO YARD 



FACILITY CAPABILITIES FOR SHIPYARDS 

Name: T r i p l e  "A" Machine Shop, I n c .  
P.O. Box 24460, Hunters  P o i n t  
San F r a n c i s c o ,  C a l i f .  94124 

1. Type o f  f a c i l i t y  - grav ing  dock 

2.  Dock dimensions - 1 q u a l i f y i n g  dock 

Dock S i z e  

Maximum 
Ship  S i z e  
LOA-Beam 

3 .  Crane L i f t  Capac i ty  

I - 300 t o n  f i x e d  c r a n e  

- 49 t o n  

- 35 ton  

Depth 
Over S i l l  

47 ' 

4. Nearest f l o t a t i o n  s i t e  - 611.5 km (380 mi) t o  
Isthmus Cove, S a n t a  C a t a l i n a  I s l a n d ,  C a l i f .  



TRIPLE "A" MACHINE SHOP, INC. 
tiUNTERS POINT . 

TON 
BOOM 



FACILITY CAPABILITIES FOR SHIPYARDS 

Name:  Lockheed S.B.  and C o n s t r u c t i o n  Co. 
2929 1 6 t h  Avenue, S.W. 
S e a t t l e ,  Washington 98134 

1. Type o f  f a c i l i t y  - 3 f l o a t i n g  docks 
3 snipways  . 

2 .  . Dock d imens ions  - Shipways n o n - q u a l i f y i n g  
u n l e s s  e n l a r g e d .  

Shipway S i z e  Maximum 
Sh ip  S i z e  

Shipway S i z e  LOA-Beam 
Depth 

Over S i l l  

30 

3 .  Crane L i f t  Capac i t y  

Whi r leys  up t o  50 t o n s .  

4 .  Nearest F l o t a t i o n  s i t e  - About 35 fa thoms j u s t  
o u t s i d e  y a r d  and a b o u t  100 fa thoms abou t  
1 2  m i l e s  f rom y a r d .  



LOCKHEED 
2929 16TH AVENUE, S.W. 

PLANT 1 

42 TON 
45 TON 40' BOOM 

PLATE SHOlP 



LOCKHEED 
2330 S.W. FLORIDA ST. 

PLANT 2 

METAL 





APPENDIX B 

SHIPYARD CAPABILITY ASSESSMENT MATRICES 



SHIPYARD CAPABILITY ASSESSMENT 

S h i p y a r d  ' G e n e r a l  - Dynamics L o c a t i o n  - Ouincy ,  Mass. 

P l a t f o r m  Type 

S h i p y a r d  Requ i r emen t s  --- l a  l b  2  3  - 4a 4 b  11c 4d 4 c  4E 

C o n s t r u c t i o n  Dock - 0  0  0  0  0  0  0 0  3 3  -- 
.a Water Depth a t  y a r d  0  0 0 0  3 3 3 3  3 3 K e y - - ! ~  Platforms_ 

* - I lci~vy l . i f  t C r a n e s  0  0 0  0  3  3  3 '  3 3  --- l a - C o n c r e t e  S h i p  Method 1 

i1cces.s Channel  (2)  0  0 0 0  0  1 1 1 1 l b - C o n c r c t e  S h i p  Flethotl 2  --- 2  - C o n c r c t c  S p a r  XIIE 

0  0  0  0  NA(3) 2  2  2  2 - 3 - Conccc te  S p a r  lllE Uccp Watcr S i t e  - 4 a - S t e c l  S h i p  Flethud 1 

2  2 1 1  3  3  3  3  3 3 4b -S~ t : c l .  Shj.1) Flecl~od 2  Enf ; ineer  i n g  -- 
4 c - S t c c l .  S h i p  Method 2a 

C o n s t r u c  c i o n  Complex S t r u c t u r e s  (I 0  3 3 3 3  3 - 3  4c l -Stce l  Sl1i.p Flethocl 3  
4 e - S t e c l  S h i p  Method 4 

El:~nage~ncn t 2  2 2 2  3  3 3  3  3 - 3 4 f - S t c c l  Sli ip Flel:l~od 5 

Slci 1 l e d  l:orce 2  2  2  2  3 - 3  3  3 3 3  ----- 
Steel C o n s t r u c t i o n  

Cc.mcrct:c C o n s t r u c t i o n  
R a t i n g  L e v e l  

0  0 0 0  NA NA NA NA NA NA - - - - - . - -- - . -- - - - .. - - -. - - . . . - . . . . - - -. .- - . - ..- -. - ( A p p l i e s  t o  a l l  Append ices  B) 

I : i na~~c i . i j l  Capal) i . l i . ty 3 3 3 3  3  3  3 3  3  3 ---- .- -- - -. - . 3 - F u l l  c a p a b i l i t y  
2  - Good, r e q u i r i n g  some 

u p g r a d i n g  

( 1 )  R e q u i r e s  new b u i l d i n g  dock For c o n c r e t e .  1 - L i m i t e d ,  r e q u i r e s  
c c ~ n s i d e r a b l e  upgraJ i . ng  ' 

( 2 )  C o n t r o l l i n g  w i d t h  o f  1 7 5 '  t h r o u g h  Fore  R i v e r  Bri .dge.  
0 - 110 e x i s t i n g  c a p a l ) i l i t l y  

( 3 )  NA d e n o t e s  r e q u i r e m e n t  n o t  a p p l i c a b l e  



Colrscrc~ccion Ilock 

, IJot:er- 1)cl)tlr a t  Yartl 

SIIIPYA1U.l CAPARILI'TY ASSESSMI.:N'L' 

Strlpyard Sun S . U .  & D.C.  L C . C ~ I L ~ O ~  Ctrester , Pa. 

E ~ r g i l ~ c e r  irq; 

Conscri icLio~l (:orlrplex S t ruc tures  

La-Concrctc Strip M c ~ h o d  1 
lb-Concrc1:e Slri.1) klct:llod 2 
2 - Collcrtite Spar: XIII. 
3 - Co~rcrerc S l~ i l r  1111' 
h a - S t e e l  Slrip Elctlrod 1 
4 b - S ~ c c l  S l ~ i p  ElcClr!.)d 2 

/ ~ c - S t e c l  Ship Method 2.1 
Ccl-Sceel Ship blctl~ud 3 
4 c - S t c c l  S h i p  Mctl~otl  11 
4f - S t e e l  !;IiJp,Met:lrc,~l 5 



S l ~ i p y a r t l  D t l ~ l e h e m  S t e e l  Corp. L o c a t i o n  ---Spa~~gws P o i n t ,  bid, 

Sll ipyia~.cI Iteclui rc lnents  , -- 

(:orbs t r u c l :  Lo11 I)ock 

W ~ I C L \ C  IIcI>LII i l C  Ya~-d  

Ileirvy 1.j f c C r n r ~ c s  

Accc,ss C l ~ a l ~ ~ r c l .  

Deep W;jccr S i t e  

E I I ~ ; ~  11eer i ~ r g  

(:ol~s t:ruc t : i o ~ ~  Col~rplex Structures 

E l a ~ ~ ; ~ g c r ~ ~ c n C  

P l a t f o r m  ' r y ~ ) ~  
(lb (1c (l t l  4 e  4 f  l a  2 3 (la 

S k i  1 l e d  F o r c e  2 2 2 2 3 3 3 3 3p- .3 

l a - C o n c r c t e  S111.11 Elctlrod 1 
l b - C o r ~ c r c t e  S11i.p E1ct:lroil 2 
2 - Corrcre tc  S p a r  XIII: 
3 - C o n c r c t c  S p a r  1llE 
[ l a - S t e c l  S11i.p Mctl,ocl 1 
41)-Steel  S11j.p Elel'l~od 2 



SHZPYARD CAPABILITY ASSESSMEN'I' 

S h i p y a r d  N e w p o r t  News S . B .  L o c a t  i o n  Newpor t News. Va . 

P l a t  form Type  

Sh i l y a r d  R e q u i r e m e n t s  -- l a  l b  2  3  4 a  I f ~ c  4 d  4'e 4 f  

C o n s t r u c t i o n  Dock (1) 0  0 0 0  0  3  3  3 3 -- 3  

Water  Oc.pc.11 a t  Yard 0  0 0 0  3  3 3  3  3  3  Key t o  P l a t f o r m s  

l leavy L i f t  C r a n e s  0  0 0 0  3  3  3 - 3  -. 3  -- 3  . l a - C o n c r e t e  S h i p  ~ c t h o d  1 g? 
0 0 0  3  3 3 

L b - C o n c r e t e  S h i p  Elcthod 2 -- A c c c s s  C h a ~ l n e l  (I - ,  3 - 3  - 3  - 2 - Concrete S p a r  XliE 

0  0 0 0  N!L---- 2  2  2  :+a-Stee l .  S h i p  Elerliud 1 
3 - C o l i c r c t e  S p a r  IllE 

1)cc.p H a t e r  S i t e  --- 2  

2  3  3 3  3  3 
. '~ l , -Sceel  Slr ip  Elfthocl 2  

En!;i.nccl-ing ( 1 )  - 2 I I_-- 3 ----. -- 
. '+c -Scee l  S h i p  Method 2a 

C o n s t l - r ~ c c i c i n  Complex S t r u c t u r e s  0  , O  0  0  --- 3 3  3 3 ' 3  3 G d - S t e e l .  S h i p  Method 3  
ZIC-St:ccl .  S h i p  Method 4  

l . l n n n ~ ; c ~ ~ ~ c n  t 2  ' 2  2  .- 2  3  3 3 - 3  3  3  . i f - S t e e l  S h i p  M c ~ h o d  5 

S k i 1  l .cJ  F o r c e  2  2 2 2  3  3  3  3  3  3  -- -. -- .- -- - .- - .- -- - - - 
S t e c l .  C o n s t r u c t i o n  E x p e r i e n c e  3 3  3  3  3  3  3  3  3  - ----- 3  

0  0  0  0  NA NA NA NA NA NA ( ': l jncl:eL~: ( :onsLrucCion  E x p e r i e n c e  

( 1 )  HN h a s  v e r y  e x c e l l e n t  e n g i n e e r i n g  c a p a b i 1 i . t ~  



Watcr I)cpcll at Yard 

Ileavy I . i f t  Cranes  ' 

Access  Chilnlrcl. 

I)ccl) Maccr S i t e  

I.:~tg i r lcer  irrg 

CunsL1:~rct io11 Cortrplex S t r ~ ~ c t u r e u  

14;1nnge1twn L 

', & 
Ski1  Let1 Force  

i S L C C I  i :ollst~:ucti .un 

Shi.pynrd Tampa S h i p  Repair - - - - .-A . - 1.ncatj.olr Tampa. F l n  . - - - - - . - - - - - - - - 

Platform l.1~: ---- 
l t r  1 2 3 4.3 41) kc 411 4e f r C  -- 

1 .a -Co~rc re tc  S h i p  Etecllotl 1  
11)-Co~icrc te  Slr i.11 Mctltc>tl 2 
2 - C o r ~ c r c t c  Spar  XllE 
3 - C o ~ ~ c r e t e  Spar  IllE 
[to-Steel S h i p  Metltod I 
Ob-Stcel. Sll.il> NI-tl~otl 2 

f r c -S tcc l  S h i p  E1t:tllotl '2:1 
f rd -S tee l  Slril) I4cLlrotl 3 
( r e -S tec l  S11i.p Elc.!~l~od I t  

4E-Steel !;l~il) Mcl:hotl 5 



P l a t f o r m  Type 

C o n s t : r ~ ~ c t  i o n  Dock ( .I)  0  0  0  0  0  3 3 ' 3  3 3 --- 

Water I)ep1:11 a t  Y;~rtl 0  0  0 0  3 .  3 3 3 3 3 -- - - - -- - -- ---- 
Ilcavy I . i€t Crirnes - 0 0 0 0  3 3 3 3 3 3 -- 

I)ccl) \ J i l t ~ ~  S i t e  0  0 0 0  NA 3 3 3 3 3 ----- . - - -- -. 

la-Co11c1:el.c Ship  t-tctllocl 1 
11)-(:o~~crctc: SII i p Elcr:l~o~l 2 
2 - CotlcrcLe Spar XIII: 
3 - Concrete Spar  1111.: 
(an-Steel S l ~ i l )  E1ctl11,tl 1 
41,-Steel Slh i.1) tdcLI~i)tJ 2 



llei~vy I.i l ' t  Cralles 

Access C:l~;~~rrlel 

Ikcp Maccr S i  t:c 

E11g LllC!er i11g 

Con:;c~:uct i o n  Colnplex Structrurcs  

t.l;~nagi!~~~en c 

Sk i  1 1 c:tl Force 

S t e e l  l : o ~ ~ s t r ~ ~ c t i o n  

Concrete Co~lstrucl:iorl 

l : i .~~a~lc i  :I 1 C:~pi~l)i 1iLy 

SI~Lpyard Avondale Shipyards,  -- Irlc. -- Locat ion --esw-Orleatrs, La. 

Key to I ' l a ~ l o c ~ ~ ~ s  - - .- - -- - - - 

1.n-Concrete Slri.1) Eletl~od 1 
l.l~-Cor~crctc? Slr i p Metl~od 2 
2 - Coucrcte Spar Xllll 
3 - Cr)~~crc!te Slmr I.IIE 
I tn-Steel S l ~ i p  Mrtllotl 1. 
/,I>-Stcnl SI1t.p Elc~llotl 2 

11c-Steel Sl1i.1) McLllocl >a 
4d-Stee l  SIILI, Metllotl 3 
Ite-Steel. Slrip t.lc:l-lioil I+ 
11 E-!;t.eel Shi  1) Mc~l~tltl 5 



SllIPYAKD CAPA8ILI l .Y  ASSESSMENT 

S h i p y a r d  N a t i o n a l  S t e e l  & S . B . ( l )  1 , o c a t i o n  S a n  D i e g o ,  C a l i f .  -- 

P l a t f o r m  Type 
SII i p y a r d  R e q u i r c m e n _ ~  - - . - - -- - - I n  l b  2 3 4 a  4b  4 c  4d 4 e  4 f  

C o n s t r u c t i o n  Dock ( 1 )  

Watcr Dept-11 a t  Yard  

A c c e s s  C h a n n e l  

' 4% Ilcep \ d a t e r  s i t e  

I::rl); i n c c r i n g  

C C J I ~ S ~ ~ ~ I I C  t i011 C o ~ ~ ~ l ) l e l ;  S t r u c t u r e s  

0 0 0 0 0 0 3 3 3 3 

0 0 0 0  3 3 3 3 3 3 Key t o  P l a t f o r m s  -- 

l a - C o n c r e t e  S h i p  Metllod 1 
l b - C o n c r e t e  S11.i.p Mcttiod 2 
2 - C o n c r c t e  S p a r  );Ill: 
3 - C o n c r e t e  S p a r  1111:: 
[ l a - S t c e l  S h i p  PlcttloJ I 
41,-Steel.  Shi.p k l r ~ l ~ u d  2 

4 c - S t e e l  S h i p  Plethocl 2 3  
4 t l - S t e e l  S h i p  EleLllod 3 
4 e - S c e e l  S h i p  Method 4  
11 F - S t c c l  St1i.p t,lcchud 5 

(1) F u l l y  owned by Morr i son-Knut l sen  



SIIZPYARD CAPABILTTY ASSESSMENT 

Shi .pyard  B e t h l e h e m  S t e e l  C o r p .  L o c a t i o n  S a n  ~ r a n c i s c o .  C a l i f .  . 

P l a t E o r m  TYE 

S h i p y a r d  R e q u i r e m e n t s  l a  l b  2  3  4 a  4 b  4 c  4 d  4 e  4E 

C o n s t r u c t i o n  Dock ( 1 )  

W a t e r  Dcpth  a t  Yard  

Ili?iivy 1- EL: C r a n e s  0  0 0 0  3 3  3  3  3  3  

~ \ c c c s s  Chani le l  0  0 0  0  3  3  3  3  3  3  

Ijcap blnccr S i t e  - 0  0  0  0  -. NA 3  3  3 3  -- . 3  

Eni ; i .nccr ing  ( 1 )  2  2 2 2  2  2  2  2  2  2  ---- 
C o n s t r u c  t i o n  C o ~ n p l e x  S r r u c  t u r e s  0  0 0 0 . 2  -- 2  2  2  2  2  

~ I : I I I ; I C C I I I C ~  t pup 2  2 2 2  3 3  3  3  3  3  - 

Slii  l . lctl  F o r c e  1 1 1  1 2  2  -- 2  -- 2  * -- 2  

:il.eeL Construction 3 3 3 3  3 3  3  3  3 3  

Concl -ecc  C o t i s t r t ~ c c i b n  .- 0  - 0 0 0  - . -- - - . ..- - - - NA . .- - NA --- NA . -- . . -. .- . - NA . - . . .- . . - -. . . - NA . - .- . -. -. -. NA . . 

1:i11:11ic i ;I 1 Ci1pa1)i.l i t y  3  3 3 3  --.-- 3  3 3 3  3 .- .... 3 .- 

Kcv t o  P l a t f o r m s  

l a - C o n c r e t e  S h i p  Method 1 
111-Concrete S11i.p Mctliocl ? 
2  - C o n c r e t c  S p a r  XIIE 
3  - C o n c r c c e  S p a r  IllE 
4 , - S c e c l  S h i p  Methotl 1 
4b-S1 .ec l  Sllil)  klccl~od 2  

4 c - S t e e l .  Sl1i.l) McTl~od 'La 
4 d - S t e e l .  S h i p  Methotl 3  
h e - S t e e l  S h i p  Mctl~ocl 4 
[ I F - S c e c l  S11j.p Mcthocl 5 

(1). R e t h l e h e m  S p a r r o w s  P o i . n t  t e c h n i c a l  E o r c e  a v a i l a b l e .  



Shipyard T r i p l e  A blaclline Shop.- 1.ocntion San F r a n d s c o .  C n u E ,  

0 0 0  0  0  C o ~ ~ s c ~ - t ~ c t  ion I)uck (1) 0 -- 0  -I 0 . 0  3 

W:~tcr Ucp~11 a t  Yard -- 0  3 3 3 3 3 3 0  0  0  - Key t o  P l i ~ t f o r n ~ s  

I)ccp \Ja t e r  S i.te 

0 0  0  . O  3 3 3 3 3 I n - C o ~ ~ c r e t e S l l i l ) N c ~ : l ~ o c l l  

0  0 0 0  3 3 L--. 3 3- 3 2 - Concrete  S l ~ i ~ r  XIIJ: 
11)-Co~lcrctc SII i 11 Mcl:l~od 2 

0  0 0 0  N1\ 3 3 3 3 (1.1-steel. Stlip blettrc.)d .1 
3 - Concrete  ' ~ ; , a r  III1,: 3 

0  0 0 0  1' 1 1 1 
41)-!;cccI ~ 1 l i . i )  tlct:l~orl 2 

--. - -- 1 - :1 
4 ~ - S t c c l .  Ship I.letllo~l % i t  

C o ~ ~ : ; t r i r c t i . o ~ ~  Co1np1.e~ S t r u c t u r e s  0  0 0 0  1 1 1 1 I-- 1 11tl-Steel Sll i.1) I1cl:hod 3 
kc -S t cc l  Slhi.1) l4etl1o:I [I 

Ski. I.1.ctl Forcc 0  0  0 0  1 1 1 1 1. P 



S l ~ i  p y a r d '  l Ioc1lh_c~~ S. B. -, I . o c a t i o n  S e a t t l e ,  WasIi. .- 

( : o n s t r \ ~ c t i o n  I)c)ck 

W a t e r  Depth  at: Y;tcd 

lleavy I . . i l ' t  C r i l l ~ e s  

A c c e s s  C l ~ i l n n c l  

Ileep Water  S i t e  . 

lCn;;i~~ei:r i.ng 

C u n s t r ~ ~ c t i o l l  C o ~ ~ i p l e x  ~ t r"c1 :urc . s  

I . l a l~a l ;c~~~cn  t 

S k i  l l . cd  I:urce 

SI:t:sl. C o n s t r u c t i o n  

r:ori(:~-cL.c Consr:ruc t i o n  

I ? ~ I I L I I I ~  i i i l  (;:tpal>.i l i  t y  

l o - ( : o ~ ~ c ~  e.te S h i p  klet l~ot l  1 
l l ) - ( : t !~rccc~c!  S1ii.p Elt:tl~oJ 2 
2 - C u ~ ~ c c e t e  Spilr Xllll 
3 - ( : o l l c r e t r  S p a r  l.II[: 
4 n - S t e e l  S l i i p  klctliod 1 
II~I-:.;I:EC- L Sl) i.p M c ~ l l o J  2 

b c - S l : c c l  St1i.p Mehhotl % a  
~ I J - S t e e l  S h i p  Metll~uJ 3 
/ t c - S ~ : e e l  S h i p  Elcthod :I 

[ I F  - S ~ : e e l .  S h i p  Elc t l~od  5 
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SHIPBUILDING INDUSTRY WORKLOAD PROJECTION 

E)EBllLEHEfd STEEL CGIRP. ,S .P. 
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APPENDIX D 

DEFINITION OF. R I S K  LEVELS 

This  appendix r e l a t e s  t o  Sec t ion  E, Considera t ion  

of Risk.  It  d e f i n e s  each r i s k  l e v e l  f o r  each of twelve 

f a c t o r s  i d e n t i f i e d  f o r  r i s k  c o n s i d e r a t i o n .  

The next  s t e p  i s  t o  e s t a b l i s h  l e v e l  of r i s k  f o r  each 

r i s k  f a c t o r .  Level 1 would r e p r e s e n t  l e a s t  risk ane 

Level 4 would be t h e  g r e a t e s t .  The fo l lowing a r e  su3- 
F 

ges ted  d e f i n i t i o n s  of r i s k  l e v e l  f o r  each of t h e  r a c t o r s  

l i s t e d -  above : 

I.  Risk Managenent Philosophy 

' Level 1 Work w i t h i n  t h e  s t a t e  of a r t  wherever pos- 
s i b l e  i n  m a t t e r s  of  admin i s r . r a t ion ,  
e n g i n e e r i ~ g ,  s i z i n g ,  m a t e r i a l s ,  c c n s t r c c t i o n  
and hand l ing ,  redundant approach t o  s o l u t i o n  
of a l l  c r i t i c a l  p r o b l e n s ,  use  .of nock-ups,  
p rogress ive  s i z e s ,  e t c .  

Level 2 Exceed s t a t e  of a r t  only  f o r  a  mininua 
c a r e f u l l y  chosen i t e m ,  l i m i t  redundancy 
t o  s e l e c t e d  major p rob lens ,  l i m i t  nock-ups.  

Level 3 L i t t l e  weight t o  s t a t e  of a r t ,  l i t t l e  redcndancy, 
no mock-ups. 

Level 4 V i r t u a l l y  ignore  s t a t e  of a r t  i n  a t t empt ing  
t o  fo l low t h e o r e t i c a l l y  b e s t  desfgn and 
c o n s t r u c t i o n ,  no r ~ d u n d a n c y .  

11. Technica l  S t a t e  of t h e  A r t  

Level 1 Design of 50 ,000  DWT t a n k e r .  
Design of r e i n f o r c e d  c o n c r e t e  o f f i c e  b u i l d i n g .  
Design of 48" c o n c r e t e  p ipe  munic ipa l  d ra inage  
system. 



Level 2 Design of LNG ships. 
Design of large concrete gravity arch dam. 
Design of large diameter steel or concrete 
penstocks. 

Level 3 . Design of nuclear aircraft carrier (CVN). 
Design of large' submerged concrete oil 

storage structure in North Sea. 
Design of Alaska oil pipe line. 

Level 4 Design of large space station. 
Design of English Channel vehicular tunnel. 
Design of nuclear powered aircraft. 

111. Technical Talent Required 

Level 1 Engineers B.S., Civil, Mechanical, Electrical, 
(normal for small shipyard). 

Level 2 Engineers M.A., Civil, Mechanical, Electrical, 
Specialist, (norinal for large shipyard). 

Level 3 Engineers D.D., Civil, Mechanical, Electrical, 
, SpecialFst, Consultant (normal for designing 
CVNs) . 

Level 4 Engineers D.D., Civil, ?!echanical,'Electrical, 
highest level specialist and consultant - 
international. 

IV. Availability of Construction Facilities 

Level 1 Large number'of facilities on each cost, 
assume about 10 firms could bid on work. 

Level 2 Four, five facilities available in U.S., 
assume two or three bids. 

Level 3 One facility capable, assume cosz plus 
contract required. 

Level 4 All new facility must be built and operated 
on cost plus basis. 



Field Supervisors and Specialists Required 

Level 1 Skills required for construction of office 
buildings, apartment house, and simple civil 
works. 

Level 2 Skills required for construction of large 
civil works, Naval auxiliaries, complex 
merchant ships. 

Level 3 Skflls required for complex surface Naval 
ships, weapon systomc,deep warer off-shore 
exploration. 

Level 4 Skills required to build major space systems. 

V.1. Deployment Capability 

Level 1 , Conventional ship launching, sliding ways or 
in flooded graving dock, single tug tow, 
single anchor. 

Level 2 Nulti tug tow and three or inore anchors. 

Level 3 NultF tug tow - three or more anchors, ocean 
tipping - i . ~ . ,  pumping platform. 

Level 4 Nulti tug tow - three or nore anchors, acchors 
on slope, ocean tipping - larger than ever 
done before. 

VII. Efficiency of Program Organization 

Level 1 Single program manager with 100% responsibility. 

Level 2 Nulti progran. managers operating under coor- 
dinator wlthout 100% authority over program 
managers . 

Level 3 Program management by Government Commission 
representing several Government agencies. 

Level 4 Program management by mulii-national organi- 
zation. 



VIII. Capability of Program Management 

Level 1 Nanagement team that has career experience 
in the similar types of projects. 

Level 2 Experienced management team working on new 
type projects . 

Level 3 New management team that has not worked 
together before, but individutlly experienced. 

Level 4 New management team that has not worked 
together before and has not: had much 
experience or whose interest is divided. 

IX. Probability of Meeting Schedule 

Level 1 Construction of automobile. 

Level 2 Construction of commo.n civil works, office 
buildings, simple ships. 

Level 3 Construction.o£ large Naval ship - subway 
system. 

Level 4 Construction of space station - arctic pipe 
line - MX missile system. 

X. Probability of Staying Within Bud3et 

Level 1 , Manufacture of mass production items, i.e., 
autos, household appliances, etc. 

Level 2 Common office buildings, roads, etc. 

Level 3 Naval ships, ,subway systems. 

Level 4 Space station - underwater colony.- arctic 
pipe line. 

XI. . Probability of Continuity of Funding 

Level 1 Projects that can be completed in less than 
one year, e.g., public purchase of cars, 
small construction projects. 



Level 2 

Level 3 

Level 4 

Public projects that can be completed in two 
to five years, but financed by a single 
Government agency. 

Public projects that take five to fifteen 
years that require separate financing for each 
of several phases. 

Same as Level 3, plus the uncertainty of mlti- 
government or international'financing. 

XII. Vulnerability to "Acts of God." 

Level 1 Underground structures. 

Level 2 Underwater structures. 

Level 3 Surface structure, land. 

Level 4 Surface structure, ocean. 






