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ABSTRACT 

The unique 2000 f t  deep seawater  pipeline  installed 
a t  the  Natural Energy Laboratory of  Hawaii ( N E L H )  
supplies  the  only  cold  seawater  available  in  large 
volumes anywhere i n  the  tropics.  

Not only  does the low temperature of the  cold 
seawater  required  for  the OTEC process  permit  the 
tropical  culture of species normally found only  in 
colder  areas, i t  a1 so allows  inexpensive  yet  pre- 
cise  temperature  control  throughout even an  open 
cul ture  system. The deep  water  also  contains h i g h  
concentrations of the  dissolved  inorganic  nutrients 
essent ia l   to  p l a n t  g rowth ,  while  the  near  total 
absence of pathogens,  plants and par t iculates  makes 
the  water  particularly well sui ted  for   the  cul ture  
of sensi   t ive organisms and also  for   the development 
of pure cu l ture   s t ra ins .  

THE NATURAL E N E R G Y  LABORATORY OF HAWAII 
- A BRIEF  HISTORY 

The Hawaii State   Legis la ture  founded the  Natural 
Energy Laboratory of  Hawaii ( N E L H )  in 1974. The 
enabling  legislation  set   aside 322 a c r e s   a t  Ke- 
ahole P o i n t  on the Big Island of  Hawaii (Fig. 1) 
for  research i n t o  renewable  energy resources and 
also  established a Managing Board of S ta te ,  County 
and University  officials t o  oversee i t s  develop- 
ment. 
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From 1974 to  1979, the  Federal Department  of  Energy 
( D O E )  sponsored some experiments on  Ocean  Thermal 
Energy  Conversion (OTEC) which were  performed a t  
NELH by researchers from various  univers i t ies .  
D u r i n g  the same years ,  a  comprehensive permitting 
program established  all   the  permits  necessary  for 
performing research  onshore and offshore a t  NELH. 

Mfni-CTEC, the   wor ld ' s   f i r s t   ne t  power-producing 
OTEC plant,  operated  successfully  under  state and 
private  industry  sponsorship i n  NELH's offshore 
research  corridor i n  l a t e  1979.  In the same year ,  
construction began on the  Seacoast  Test  Facility 
(STF) ,  a j o i n t  state/DOE project  aimed a t  providing 
laboratory  faci l i t ies   for   s tudying OTEC processes. 
Only a  small portion of the  federal money earmarked 
f o r  STF construction  ever  materialized, so the 
s ta te   increased  i ts   contr ibut ion and applied 
"creative  engineering" t o  construct an operating 
laboratory  for  about  one-half  the  original planned 
$16 million  cost.  This  laboratory  has met or  ex- 
ceeded a l l  of the  goals   or iginal ly   set   for   the 
ful l   scale   faci l   i ty .1  

The Sta te  o f  Hawaii operates NELH t o  encourage 
research , development  and  comnercial ization of 
a l t e rna te  energy and related  technologies.  Since 
Hawaii by i t s e l f  does n o t  have suff ic ient   f inancial  
or human resources t o  perform the needed research, 
t h e   s t a t e ' s  goal i s   t o  provide a f a c i l i t y  where 
others from b o t h  the  public and pr ivate   sectors  can 
perform the  experimentation. I t   i s  planned tha t  
the   fac i l i ty   wi l l  soon become self-supporting from 
user  fees. 

The DOE remains the major user of NELR f a c i l i t i e s ,  
now providing  about 60%  of the  operational  funding. 
The s t a t e  has made e f fo r t s   t o  broaden the NELH 
support  base by encouraging  the in i t i a t ion  of a 
range of new projects  i n  aquaculture and related 
f i e lds  sponsored by both  government and industry. 

The s t a t e   l e g i s l a t u r e  has  recognized  the  potential 
of these new p r o j e c t s ,   f i r s t  by establishing "com- 
mercialization"  as a legi t imate  goal of NELH and, 
most recently,  by in i t ia t ing   the  development of the 
Hawaii  Ocean Science and Technology (HOST) P a r k  
adjacent t o  NELH. Laboratory  users can now plan on 
b o t h  pi lot   scale   comercial   operat ions on land 
leased from NELH and eventual  expansion to   l a rge r  
f a c i l i t i e s  i n  the  HOST Park. 
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THE  NELH  COLD  MATER P I P E  

The i n i t i a l  STF d e s i g n   c a l l e d   f o r   i n s t a l l a t i o n   o f  
t h r e e   3 2  in. p o l y e t h y l e n e   p i p e s :  a m i l e - l o n g   d e e p  
p i p e  f o r  c o l d  water ,  a n e a r s h o r e   p i p e   f o r  warm 
s u r f a c e   w a t e r   a n d   a 7 d i s c h a r g e   p i p e   f o r   o f f s h o r e  
d i scha rge   a f te r   expe r imen ts .   These   p ipes   were  
t o   r u n   t h e  380 f t  f r o m   t h e   s h o r e l i n e   t o  a pump s t a -  
t i o n   a t   t h e   l a b o r a t o r y   t h r o u g h a   t r e n c h   e x c a v a t e d  
t o  8 f t  be low  sea leve l .   The  t rench was necessary  
s i n c e  a s t a t i c  head i s   r e q u i r e d   o v e r   t h e   i n t a k e  
p ipes   and   t he  pumps t o   p r e v e n t  pump c a v i t a t i o n  
caused   by   t he   suc t i on   head   deve loped   i n   suck ing  
th rough a m i l e - 1  ong p ipe .  2 

When f u n d i n g  was reduced,   engineers  developed a 
cheaper   " in te r im"   sys tem,   where   the   p ipes   run   up  
o v e r   t h e   s e a - c l i f f   a t   t h e   s h o r e l i n e .   T h i s   d e s i g n  
n e c e s s i t a t e s   t h e   i n s t a l l a t i o n   o f   t h e   d e e p   w a t e r  
pumps o f f s h o r e   t o   p r o v i d e   t h e   r e q u i r e d   s t a t i c   h e a d .  

The s u r f a c e   w a t e r   p i p e   f o r   t h i s   i n t e r i m   s y s t e m  was 
i n s t a l l e d  as p a r t   o f   t h e  Phase I c o n s t r u c t i o n   o f  
t h e  STF i n  1980. I t s   f o u r   o n s h o r e  500 GPM pumps 
p r o v i d e  a t o t a l   c a p a c i t y   o f  2000 GPM, and water   has  
been pumped t h r o u g h   t h e   s y s t e m   c o n t i n u o u s l y   s i n c e  
J u l y   o f  1981. 

Nhen i t  became c l e a r   t h a t  DOE f u n d i n g   f o r   t h e  
r e m a i n d e r   o f   t h e  STF w o u l d   n o t   m a t e r i a l i z e ,   t h e  
s t a t e   t o o k   t h e   i n i t i a t i v e   a n d   i n s t a l l e d   t h e   i n t e r -  
i m  c o l d   w a t e r   s u p p l y   s y s t e m ,   u s i n g   C a p i t a l   I m p r o v e -  
men t   P ro . i ec t   f unds   ea rmarked   f o r   aauacu l   t u re .   P iDe  

i n s t a l l a t i o n  was c o m p l e t e d   i n  December  1981,  and 
the  system  began  pumping  co ld  seawater  i n  February  
1982.  Deep  seawater  has  f lowed  onshore  cont inuous- 
l y  s i n c e   i n i t i a l  pumping  problems  were r e c t i f i e d   i n  
August  1982. 

F i g u r e  2 shows t h e   d e s i g n   o f   t h e  12 i n .   d i a m e t e r  
NELH i n t e r i m   c o l d   w a t e r   p i p e l i n e   p r e p a r e d   b y  J. van 
R y t i n   o f  Makai Ocean Eng ineer ing  i n  Waimanalo, 
H a w a i i .   T h e   o f f s h o r e   p o r t i o n ,  made f r o m   s l i g h t l y -  
b u o y a n t   h i g h   d e n s i t y   p o l y e t h y l e n e ,  is  h e l d  on t h e  
b o t t o m   w i t h   c o n c r e t e   a n c h o r s  down t o   t h e  500 f t  
d e p t h ,   b e l o w   w h i c h   t h e   b o t t o m   d r o p s   o f f   m o r e   s t e e p -  
l y .  From t h a t  500 f t  t r a n s i t i o n   p o i n t ,   t h e   p i p e  
f l o a t s   i n  a buoyan t   ca tenary  down t o   t h e  2000 f t  
d e p t h   w h e r e   l a r g e   b a t t l e s h i p   a n c h o r s   h o l d   t h e   i n -  
t a k e   a b o u t  100 f t  o f f   t h e   b o t t o m .  The pump s t a -  
t i o n ,   l o c a t e d   i n   a b o u t  30 f t of   water   approx imate ly  
100 f t  o f f s h o r e ,   c o n t a i n s   t h r e e   h o r i z o n t a l l y - m o u n t -  
e d   i n - l i n e   s u b m e r s i b l e  pumps a r r a n g e d   i n   p a r a l l e l .  
Power f o r   t h e  pumps comes through  armored  cables 
f rom  shore .  

E x p e r i m e n t a l   r e q u i r e m e n t s   d i c t a t e d   t h a t   t h e   c o l d  
wa te r  pumps n o t   d i s s o l v e   i r o n   i o n s   i n t o   t h e   w a t e r .  
S i n c e   f i b e r g l a s s   o r   p l a s t i c   l i n e d   s u b m e r s i b l e  pumps 
w e r e   u n a v a i l a b l e ,  316 s t a i n l e s s   s t e e l  was s p e c i f i e d  
f o r   a l l   w e t t e d   c o m p o n e n t s .  Pump per formance  has 
n o t   y e t   m e t   s p e c i f i c a t i o n s ,   d u e   t o   m a n u f a c t u r e r  
i n e x p e r i e n c e   w i t h  SS c a s t i n g s .  Non-316 SS compon- 
e n t s   h a v e   a l s o   b e e n   r e p e a t e d l y   d i s c o v e r e d ,   i n   s p i t e  
o f   c e r t i f i c a t i o n s   t o   t h e   c o n t r a r y .   W i t h   t h e   t h r e e  
pumps now i n s t a l l e d ,   t h e   s y s t e m   p r o d u c e s   u p   t o  1100 
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2000 

F i g u r e   2 .   T h e  NELH C o l d w a t e r   P i p e l i n e  
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GPM. Two  new  pumps planned fo r   i n s t a l l a t ion  i n  
September  1985 will  together  provide  the 1300 GPM 
design  capacity of the system. One of the  present 
pumps will remain instal led  as   a  backup. 

The NELH s t a f f  has  developed  techniques fo r   i n s t a l -  
ling and removing the  cold  water pumps in most wave 
and current  conditions from a  small  boat.  Mainte- 
nance becomes impossible, however, d u r i n g  extreme 
wave conditions which occur 20 t o  30 days  per  year. 
In sp i t e  of t h e   f a c t   t h a t  system fa i lu re s  tend t o  
coincide w i t h  extreme conditions,  hard work  and a 
generous amount o f  good luck have permitted  nearly 
continuous  operation  for more than  three  years. 

The polyethylene  pipes  survived  the  large waves 
generated by Hurricane Iwa i n  November 1982, b u t  
damage t o  the armored electrical   cables  resulted i n  
several  short-duration pump outages  over  the en- 
suing two months. No flow interruptions exceeding 
two hours  occurred a f t e r   t ha t   un t i l   l a rge  waves 
again  broke  the armored power cables  in  January 
1985. A 37 hour  outage a t   t h a t  time  permitted 
ins ta l la t ion  of new special ly  designed  caged-armor 
cables which should  ensure  continuous  operation  as 
l o n g  as  the pumps operate and the  pipeline remains 
in t ac t .  

The NELH cold  seawater system i s  believed  to be the 
only one i n  the  world which continuously  brings 
pure  ocean water from 2000 f t  deep i n  the  sea  to 
shore  for  experimentation and comercial  ventures. 
Planning i s  underway for  additional  pipelines  to be 
i n s t a l l e d   a t  NELH by b o t h  industry and government. 

COLD WATER PROPERTIES 

A regular sampling program has been maintained  for 
the  three  years  that  cold  water  has been  pumped, as 
par t  of the DOE-sponsored OTEC experiments. Weekly 
surface and deep  water measurements of s a l in i ty ,  
a lka l in i ty ,  pH, dissolved oxygen, dissolved nu-  
t r i en t s  (NO3,PO4,& SiO3),  total  dissolved  nitrogen 
and phosphorus, total  organic  carbon, and total  
suspended  sol  ids  supplement dai ly  measurements of 
temperature and hypochlorite  concentration. 

Table  I summarizes the   resu l t s  of these measure- 
ments. As was  we1  1-known from tradi t ional  oceano- 
graphic  data,  the deep water i s   s i g n i f i c a n t l y  en- 
riched  over  the  tropical  surface  water i n  the  dis-  
solved  inorganic  nutrients which are  essential  t o  
plant growth. The intake  temperature of the  cold 
water  stays  within  the  range of 5.5OC - 6.5"C 
(42.4"F - 43.7"F) throughout  the  year. The temper- 
ature  delivered on shore is a function of the flow 
rate  in  the  pipe: a t  500 GPM the  temperature is 
about 10°C (50°F) , a t  1000 GPM i t   i s  approximately 
7.5OC (45.5"F). 

Three properties of the  cold  water make i t  par t ic-  
ularly  useful  for  aquaculture: 

1) Coldness - Not only  does the  cold  water  permit 
the  culture of plants and animals which could  not 
otherwise  tolerate  tropical  temperatures, i t  a l so  
provides a simple,  accurate and cost-effect ive 
means  of year-round  temperature  control t h r o u g h o u t  
a culturing system. Control of the  rate of water 

Table 1. WATER QUALITY DATA - NELH WARM A N D  COLD SEAWATER SYSTEMS 

PARAMETER 

Temperature 
( i n  Lab) 

Sa l in i ty  

PH 

NO3 + N O 2  

N H 4  

p04 
Si1  icon 

Total Diss. 
Nitrogen 

Total D i  ss. 
Phosphorus 

Total Org. 
Carbon 

Ut4 IT 

"C 
O F  

O / O O  

- 

u w t /  '1 * 
w a t / l  

ug-at/l 

vg-at/l 

ug-at/l 

ug-atl l  

(Weekly Sampl es 1982-84) 
WARM SEAWATER SYSTEM 

max . 
28.0 
82.4 

35.05 

8.35 

0.50 

0.76 

0.34 

11.52 

7.84 

0.66 

1.20 

m i n .  

24.3 
75.7 

34.33 

8.02 

0.05 

0.20 

0.03 

1.80 

2.51 

0.19 

0.51 

mean 

- 
- 

34.71 

8.24 

0.17 

0.47 

0.15 

3.46 

4.12 

0.35 

0.91 

COLD SEAWATER SYSTEM 

mean 

- 
- 

34.29 

7.55 

39.62 

0.34 

3.00 

77.58 

42.16 

3.03 

0.58 

- 
- 
- 
- 

1: 230 

- 
1: 20 

1: 22 

1: 10 

1:9 

- 

RATIO - 
WARM:COLD 

*microgram-atoms/liter 
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f l o w ,   m e r e l y   b y   o p e n i n g   o r   c l o s i n g   v a l v e s ,   p e r m i t s  
maintenance o f  any   temperaure   be tween  the   inpu t  
c o l d   w a t e r   ( a l w a y s   l e s s   t h a n  10°C)  and t h e   a m b i e n t  
a i r   t e m p e r a t u r e   ( a l w a y s   a t   l e a s t  22°C).  Tempera- 
t u r e s   c a n   b e   m a i n t a i n e d  i n  t h i s  way even i n  open o r  
s h a d e - c l o t h - c o v e r e d   t a n k s   o r   r a c e w a y s .   N o t e   t h a t  
by   m ix ing   t he   deep   wa te r   w i th   app rop r ia te   amoun ts  
o f   t h e   f l o w i n g   s u r f a c e   w a t e r   a l s o   a v a i l a b l e   a t  
NELH, l a r g e   v o l u m e s   o f   s e a w a t e r   a t   a n y   t e m p e r a t u r e  
between 10°C and 24°C (50°F  and  75°F)  can  be  ob- 
ta ined   yea r - round .  

2 )   N u t r i e n t s  - The h i g h   n u t r i e n t   l e v e l s   o f   t h e   c o l d  
d e e p   w a t e r   p r o v i d e   t h e   o p p o r t u n i t y   f o r   r a p i d   g r o w t h  
r a t e s  i n  m a r i n e   p l a n t s  - e i t h e r   f o r   p l a n t   p r o d u c -  
t i o n   o r  as f o o d   f o r   d e s i r a b l e   a n i m a l s .  

3 )  P u r i t y  - S i n c e   t h e   d e e p   w a t e r  comes f r o m   w e l l  
below tine p h o t i c   z o n e ,   v i a b l e   p l a n t   c e l l s   a r e  
s c a r c e ,   a l l o w i n g   t h e   c u l t u r e   o f   p u r e   s t r a i n s   o f  
a l g a e   w i t h o u t   c o s t l y   f i l t r a t i o n .   B a c t e r i a   a n d  
o t h e r   p a t h o g e n   l e v e l s  i n  t h e   d e e p   w a t e r   a r e   a l s o  
e x t r e m e l y   l o w ,   p e r m i t t i n g   c u l t u r e   o f   v e r y   s e n s i t i v e  
a n i m a l   l a r v a l   s t a g e s  i n  the  raw  seawater .  

AQUACULTURE  RESEARCH  PROJECTS  FOR  OTEC 
BY-PRODUCTS 

Both   research   and  commerc ia l   aquacu l tu re   p ro 'ec ts  
have  been  conducted  us ing  NELH's  co ld   water . j   Th is  
s e c t i o n   d e s c r i b e s   r e s e a r c h   p r o j e c t s ,   i n c l u d i n g  
t h o s e   w h i c h   r e q u i r e   v e r y   l a r g e   v o l u m e s   o f   w a t e r ,  
such  as   wou ld   be   d ischarged  f rom  an   opera t ing  OTEC 
p l a n t .  Such p r o j e c t s   m i g h t   p r o v e   v e r y   p r o f i t a b l e  
i n   c o n j u n c t i o n   w i t h   a n  OTEC p l a n t  - even  enough t o  
s i g n i f i c a n t l y   i m p r o v e   t h e   o v e r a l l   e c o n o m i c   v i a b i l i -  
ty o f   t h e  OTEC process - b u t   a l o n e   t h e y   m i g h t   w e l l  
be  unable t o   s u p p o r t   t h e   t r e m e n d o u s   c a p i t a l   i n v e s t -  
m e n t   r e q u i r e d   f o r   i n s t a l l a t i o n   o f   t h e   r e q u i r e d   c o l d  
water   supply   system. 

T h e   n e x t   s e c t i o n  will desc r ibe   commerc ia l   p ro jec ts  
w h i c h   g e n e r a l l y   u s e   l e s s   w a t e r   p e r   p o u n d   o f   p r o d u c t  
so t h a t ,   e s p e c i a l l y   f o r   i n t r i n s i c a l l y   v a l u a b l e  spe- 
c i e s ,   t h e y  may p r o v e   e c o n o m i c a l l y   v i a b l e  on t h e i r  
own. Such p r o j e c t s   e i t h e r   u s e   s u c h   s m a l l  amounts 
o f   wa te r   t ha t   t hey   can   p roduce   commerc ia l   amoun ts  
o f   p r o d u c t   u s i n g   o n l y   r e s e a r c h   v o l u m e s   o f   w a t e r ,   o r  
t h e   p r o d u c t   v a l u e   i s   g r e a t  enough so t h a t   p i p e l i n e  
i n s t a l l a t i o n   c o s t s  become accep tab le .  

SALMON  AND  TROUT - When t h e   c o l d   s e a w a t e r   f i r s t  
became a v a i l a b l e   e a r l y   i n  1982, D r .  A. F a s t   o f   t h e  
H a w a i i   I n s t i t u t e   o f   M a r i n e   B i o l o g y   ( H I M & )   o b t a i n e d  
f u n d i n g   f r o m   t h e  UH SeaGrant (UHSG) program  and  the 
s ta te   Depar tment   o f   P lann ing   and  Economic   Deve lop-  
ment (DPED) t o   c o n d u c t  an i n v e s t i g a t i o n   i n t o   t h e  
p o s s i b i l i t y   o f   g r o w i n g   s a l m o n  a n d   r a i n b o w   t r o u t   i n  
t h e   c o l d   d e e p   w a t e r .   T h i s   p r o j e c t   c o n t i n u e d  
t h r o u g h   t h e   e n d   o f   1 9 8 4 ,   a n d   i n d i c a t e d   s i g n i f i c a n t  
p o t e n t i a l   f o r   g r o w i n g   t h e s e   f i n f i s h   i n   t h e   t r o p i c s .  

Rainbow t r o u t  (Sa lmo   k i su tch )   were   a l ready   be ing  
g r o w n   s u c c e s s f u l l y   i n   f r e s h w a t e r   i n   H a w a i i ,  and 
t h e y   a d a p t e d   w e l l   t o   t h e   c o l d   s e a w a t e r   a t  NELH. By 
m a i n t a i n i n g   h i g h   f l o w s   o f   a e r a t e d   w a t e r ,   t h e   r e -  
s e a r c h e r s   w e r e   a b l e   t o   k e e p   n e a r l y  400 l b s .   o f   f i s h  
a1 i v e   i n  each  600-gal 1 o n   f i b e r g l a s s   t a n k .  Eggs 

were  hatched i n  f r e s h w a t e r   a n d   t h e  f ry  r a i s e d   t o  
t h e   s m o l t i f i c a t i o n   s t a g e ,   a f t e r   w h i c h   t h e y   w e r e  
t r a n s f e r r e d   t o   c o l d   s e a w a t e r   w h e r e   t h e y   g r e w   r a p i d -  
l y  as "s tee lhead" .  

Exper iments   w i th   sa lmon,   bo th   "K ing"   (Ch inook  - 
Oncorhyncus   t shawy tscha)   and   s i l ve r   ( coho  - 0. 
k i s u t c h ) ,   i n i t i a l l y  g a v e   l o w   s u r v i v a l   r a t e s  when 
t h e   f i s h   w e r e   t r a n s f e r r e d   f r o m   f r e s h   t o   s a l t   w a t e r .  
R e c o g n i z i n g   t h a t   e n v i r o n m e n t a l   i n f l u e n c e s  on t h e  
smol t i f i c a t i o n   p r o c e s s   w e r e   p o o r l y   u n d e r s t o o d ,   D r .  
Gordon  Grau i n i t i a t e d  a s e p a r a t e   e x p e r i m e n t   t o  
s t u d y   t h e   e f f e c t s   o f   p h o t o p e r i o d   a n d   t e m p e r t u r e  on 
t h e  smol t i f i c a t i o n   p r o c e s s .   I n i t i a l   r e s u l t s   i n d i -  
c a t e   t h a t   p h o t o p e r i o d   h a s   l i t t l e   e f f e c t ,   b u t   t h a t  
l o w e r   t e m   e r a t u r e s   d e c r e a s e   t h e   t i m e   b e f o r e  smol ti- 
f i c a t i o n .  

I n   f u r t h e r   e x p e r i m e n t s   w i t h   m a t u r e   b r o o d   t r o u t ,   t h e  
researchers   man ipu la ted   the   tempera ture   and  photo-  
p e r i o d   t o   c o n v i n c e   t h e   f i s h   t o  spawn i n  seawater.  
The  eggs  and  sperm  were  then  "mi lked"   f rom  the 
females  and  males  and  mixed  together  i n   f r e s h w a t e r .  
These f e r t i l i z e d  eggs e x h i b i t e d   h i g h e r   s u r v i v a l  
r a t e s   t h r o u g h   t h e   s m o l t i f i c a t i o n   s t a g e   t h a n   h a d  
been o b t a i n e d   i n   p r e v i o u s   e x p e r i m e n t s   e l s e ~ h e r e . ~  

NOR1 - A n o t h e r   p r o j e c t   i n i t i a t e d   i n   t h e   s p r i n g  of 
1982 w i t h  UHSG and DPED fund ing   g rew  the  seaweed 
" n o r i "   ( P o r p h y r a  %) u n d e r   t h e   d i r e c t i o n   o f  D r .  R. 
Spencer  and F.  Mencher.  The n o r i ,   w i d e l y   u s e d   i n  
Japan  and  Hawaii  f o r   w r a p p i n g   " s u s h i " ,   g r e w   w e l l  
u s i n g  a m i x t u r e   o f  warm sur face   and  co ld   deep  sea-  
wa te r .   Researchers   exper imen ted   w i th   va r ious  tem- 
pe ra tu res   and   pho toper iods ,   and   conc luded   tha t  
g r o w t h   i s   b e s t   v e r y   n e a r   t h e   c o n d i t i o n s  i n  t h e  
harbors   where   nor i   g rows i n  Japan.   Growth   ra tes   o f  
abou t  35% i n c r e a s e   i n   w e i g h t   p e r   d a y   w e r e   a c h i e v e d  
f o r   t h e   f i r s t  15  days i n  a t u m b l e - c u l t u r e   u s i n g  
r a p i d   w a t e r   f l o w   a n d   b u b b l e d   a i r .   M o r e   t h a n  600gms 
d r y   w g i g h t   p e r   c u b i c   m e t e r   w e r e   h a r v e s t e d   a f t e r   3 9  
days.3  Japanese  researchers  are now i n v e s t i g a t i n g  
c o m m e r c i a l   n o r i   c u l t u r e   p r o s p e c t s   a t  NELH. 

MAINE LOBSTER - Beginning  in   September  1982,  San- 
d e r s   A s s o c i a t e s ,   a n   e l e c t r o n i c s  company  headquar- 
t e r e d   i n  Nashua, New Hampshire,   performed a one 
y e a r   p i l o t   t e s t   o f   t h e i r   p r o p r i e t a r y   p r o c e s s   f o r  
g row ing   Ma ine   Lobs te r  (Homarus amer i canus )   w i th  
p a r t i a l   s p o n s o r s h i p   b y  DPED. U s i n g   m i x t u r e s   o f  
d e e p   a n d   s u r f a c e   s e a w a t e r   t o   c o n t r o l   t e m p e r a t u r e   a t  
d i f f e r e n t   s t a g e s   o f   h a t c h i n g   a n d   g r o w t h ,   t h e y   s u c -  
c e s s f u l l y   g r e w   t h e   a n i m a l s   f r o m  eggs  hatched i n  
H a w a i i   t o   a d u l t s .   S a n d e r s   d e t e r m i n e d   t h a t   t h e   h i g h  
c o s t   o f   t h e   m a t e r i a l s   a n d   t h e  manpower r e q u i r e d  
make t h e   p r o c e s s   u n p r o f i t a b l e   a t   t h e   p r e s e n t   l e v e l  
o f   w h o l e s a l e   l o b s t e r   p r i c e s   i n   H o n o l u l u ,  so t h e  
p r o j e c t  was t e r m i n a t e d   a f t e r  one  year.6 

OYSTERS - Oys te rs   (C rasos t rea  sp.) i m p o r t e d   f o r  a 
d e f u n c t   p r o j e c t   a r e  now being  grown  by NELH s t a f f .  
I n i t i a l   a t t e m p t s   t o   c u l t u r e   v a r i o u s   s t r a i n s   o f  
a l g a e   t o   f e e d   t h e   o y s t e r s   m e t   w i t h   m i x e d   s u c c e s s .  
Recent ly ,   rap id   g rowth   has   been  ach ieved  by   feed ing  
t h e   o y s t e r s   w i t h   d i a t o m s   b e i n g   f i l t e r e d   f r o m   t h e  
aba lone   f a rm 's   ke lp   t anks .   Th i s   success   has  1 ed t o  
t h e   i m p o r t a t i o n   o f   o t h e r   o y s t e r   a n d   c l a m   s p e c i e s  
f o r   s i m i l a r   e x p e r i m e n t s .  Though commerc ia l -sca le  
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growout  of these  mollusks i n  the   t ropics  may re- 
quire  too much water and inf ras t ruc ture   to  be eco- 
nomically  viable, i t  does  appear that   the   puri ty  of 
the deep water may provide  ideal  conditions  for 
commercial hatchery  operations. 

GIANT  CLAMS - Dr. Murray Dailey,  in  cooFeration 
w i t h  the Waikiki  Aquarium, has begun a  project  w i t h  
private and grant  funds us ing  the deep water a t  
NELH to  grow giant  clams (Tridacna %) imported 
from Palau.  These  clams have  economic potential  
both f o r  their meat and fo r   t he i r   she l l s  which, a t  
various  stages of growth, have uses  ranging from 
earrings  to  bathtubs.   Since  they  subsist  on algae 
which  grow symbiotically w i t h i n  their  bodies,  they 
require no food beyond the  sunl ight  and nutr ients  
necessary  for  plant growth. The i n i t i a l  phase of 
th i s   p ro jec t ,  beginning i n  August 1985, includes 
research t o  determine the ef fec ts  of the  following 
variables:   (1)  the  nutrient-rich  water,  ( 2 )  colder 
temperatures,  (3)  flow  rate,  (4) l i g h t  spectrum and 
(5)   spa t ia l   d i s t r ibu t ion .  

CURRENT COMMERCIAL DEEP WATER AQUACULTURE 
PROJECTS 

ABALONE - In May 1984, Hawaiian  Abalone Farms (an 
a f f i l i a t e  of Monterey  Abalone Farms  of Cal i fornia)  
signed  a  long-term  lease f o r  21.3 acres of land 
adjacent t o  the NELH compound and  began development 
of a "Commercial Demonstration Module" of an aba- 
lone  (Haliotus  referens)  production  facility.  This 
culminated more than two years of research a t  NELH 
which indicated  the  suitabil i ty of the deep cold 
water  for  abalone  culture. The  Company has s ince 
moved i t s  production  operations from  Monterey to  
Kona and cleared  the  land  for  the  demonstration- 
module. They are  presently  install ing  a new cold- 
water  pipe  with the i r  own funding, and plan t o  
market  abalone  soon. 

This  company's research has  demonstrated  the  useful 
properties of the deep cold water for  aquaculture 
of marine  mollusks. The purity of the  water  per- 
mits successful  larval growout w i t h o u t  expensive 
water  purification. The high leve ls  of dissolved 
inorganic  nutrients i n  the deep water  provide  rapid 
growth ra tes  and high protein  content i n  b o t h  the 
microscopic  diatoms  the  mollusks consume as  larvae 
and i n  the  g i a n t  kelp  (Macrocystis  pyrifera) which 
they eat   as   adul ts .   Since  the deep water  is  always 
colder  than  required  for  the  various growth s tages ,  
temperature can be maintained i n  a l l  systems by 
control1 ing  water  flow. 

MICROALGAE - Cyanotech Corporati on of  Woodinvi 11 e ,  
Washington has  recently  constructed  large raceways 
on land  leased a t  NELH for   the   cu l ture  of various 
marine  microalgae. Initial  production  includes 
Spirulina,  a  protein-rich  microalga in grea t  demand 
as  a  health food supplement. Though Spirulina is 
normally grown i n  fresh  water, Cyanotech sc i en t i s t s  
have  developed  techniques f o r  growing i t  i n  NELH's 
pure nutrient-rich deep seawater. The  company is 
a l so  growing other  microalgae w i t h  very h i g h  con- 
centrat ions of  Beta carotene,  a  vitamin A precursor 
w i t h  a  recently-discovered  ability t o  prevent  cer- 
tain  types of cancer.  Future  plans  include  devel- 

opment  of other pharmaceutical  products from m i -  
croalgae. 

The microalqae grow i n  oval raceways, some u p  t o  
550 f t  1 ong by  50 f t  wide, w i t h  the water  circu- 
la ted by large paddle  wheels.. The deep  seawater i s  
intent ional ly  warmed to  the  higher  temperatures 
needed f o r  optimum algal growth during i t s  slow 
passage  through the  pipes  to  the  raceways. Once 
production i n  each  raceway i s   in i t ia ted ,   the   on ly  
water  required is to  replace  evaporation  losses. 
The high nutrient  content of the  water, i t s  extreme 
puri ty  and the h i g h  sun1 i g h t   a t  Ke-ahole Point  ( the 
highest   solar   insolat ion measured a t  sea  level i n  
the U.S . ) ,  combine to  provide  ideal growth condi- 
t i o n s  for   these  rnicroalgae. 

COLD SEANATER AGRICULTURE! 

A t  the  instigation of NELH Board Chairman  John 
Craven, U H  invest igators  have begun research on the 
possible  use of the  cold  freshwater which condenses 
on the  pipes  carrying  cold  seawater  to  irrigate 
agricultural   crops such as   s t rawberr ies .  W i t h  
funding from UHSG, several beds  were constructed a t  
NELH and plumbed with  various  cominations of cold- 
water p i p i n g  r u n n i n g  both  above and  below the   so i l .  

In i t ia l   resu l t s  show tha t   suf f ic ien t   water  con- 
denses from the ambient a i r   a t  Ke-ahole Point  to 
provide  adequate  irrigation  for  strawberry  growth. 
In addition,  the  strawberries grown u s i n g  this cold 
condensed  water consis tent ly  have about  five  times 
the  sugar  content of control  plants  watered w i t h  
ambient  temperature  tap  water. Varying the  flow 
ra t e  of the  cold  seawater  also  allows  control of 
the r o o t  temperature of the  plants,  providing  the 
poss ib i l i ty  of rapid  seasonal  cycling  for  increased 
f r u i t  production. The i n i t i a l  six-month p i l o t  
project  conducted i n  1984 demonstrated the  useful- 
ness of the  coldwater  agriculture  concept, and 
fur ther  work is  planned  soon. 

FUTURE PLANS 

Recognizing the  s ignif icant  conunercial possibi l   i -  
t i e s  developing from the  coldwater  research a t  
NELH, t he   s t a t e  government has begun development  of 
the Hawaii Ocean Science and Technology (HOST) Park 
on 547 acres of land  adjacent  to  the NELH property. 
Park s i t e s ,  ranging in   s ize  from three  acres   to  100 
or more acres,   will  be leased  to companies w i s h i n g  
t o  take  advantage  of  the  unique  natural  attributes 
of Ke-ahole P o i n t  for  production of aquacultural ,  
energy or related  products.  7 

I n i t i a l l y  proposed by the Hawaii  High Technology 
Development Corporation  as an appropriate  area of 
"High Tech" f o r  Hawaii, the HOST Park has now 
received  support from Governor  Ariyoshi and the 
leg is la ture .  Design work is underway, and the 
infrastructure  ( including warm and cold  seawater 
systems) will be completed in 1986. 

In addi tion t o  the new p i  pel ines planned for   the  
HOST Park and f o r  Hawaiian  Abalone  Farms, DOE i s  
presently  contracting  for  final  design of a new 30 
i n .  p ipe l ine   for  OTEC research. Each of these 
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pipe1 ines will  give some measure  of  redundancy t o  
the NELH seawater  system,  providing  the  increased 
r e l i a b i l i t y  which i s   par t icu lar ly   des i rab le   for  
aquaculture  research and development. 

NELH will  continue  to  provide  research, development 
and pi lot-scale   " incubator"   faci l i t ies   for   projects  
which may eventually expand in to   t he  HOST Park 
f a c i l i t i e s .  The capabi l i ty  of combining research 
with pilot  scale  production makes NELH a unique 
s i te   for   important   s tages   of  commercial devel- 
opment. New ventures can now util ize  these  unique 
advantages, knowing tha t   fu l l   - sca le  devel oprnent may 
follow a t   t h e  HOST Park. 
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