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1 .O INTRODUCTIOA 

c 

Cons t ruc t ion  and o p e r a t i o n  o f  an Ocean Thermal Energy Conversion 
(OTEC) f a c i l i t y  w i l l  a f f e c t  marine, t e r r e s t r i a l ,  and a tmospher ic  
environments.  T h e  n a t u r e  and d e g r e e  of OTEC envi ronmenta l  impacts  have 
been s u b j e c t s  of numerous s t u d i e s  and r e p o r t s ,  bu t  i n  t h e  absence  of an 
o p e r a t i n g  commercial OTEC p l a n t ,  e m p i r i c a l  d a t a  on OTEC.environmenta1 
e f f e c t s  a r e  l ack ing .  However, s e v e r a l  s i t e - s p e c i f i c  model s t u d i e s  have 
a t tempted  t o  d e l i n e a t e  p robab le  r anges  of e f f e c t s  f o r  t h e i r  r e s p e c t i v e  
a p p l i c a t i o n s  of OTEC technology. 
P o i n t ,  Oahu, Hawaii has been the  focus  of  much of t h i s  work. Environmental 
documentation a t t e n d a n t  upon t h e  development of t h e  Kahe Po in t  OTEC p l a n t  
p rov ides  the  most comprehensive summary t o  d a t e  of  the  p o t e n t i a l  e f f e c t s  of 
OTEC p l a n t  c o n s t r u c t i o n  and o p e r a t i o n .  T h i s  r e p o r t  p r e s e n t s  a compi l a t ion  
of b i o l o g i c a l  f i n d i n g s  of t h e  envi ronmenta l  impact s t a t emen t  p repa red  f o r  
the  Ocean Minera ls  and Energy D i v i s i o n  of t h e  N a t i o n a l  Oceanic and 
Atmospheric Admin i s t r a t ion  (NOAA) a s  a p r e l i c e n s i n g  requi rement  f o r  t h e  
Kahe P o i n t  40 MWe OTEC p l a n t .  For t h e  most p a r t ,  emphasis i s  p laced  on 
oceanographic c o n s i d e r a t i o n s  of OTEC deployment, a l t hough  s i g n i f i c a n t  
a s p e c t s  of n e a r s h o r e  impacts a r e  d i s c u s s e d  t o  p r o v i d e  a comprehensive 
survey of t h e  f u l l  range of p r o j e c t e d  impacts.  

T h e  proposed 40 MWe OTEC p l a n t  a t  Kahe 

T h e  f i r s t  s e c t i o n  p r o v i d e s  a summary of p e r t i n e n t  des ign  f e a t u r e s  of 
t h e  proposed p l a n t ,  i n c l u d i n g  s t a n d a r d  o p e r a t i n g  pa rame te r s .  Next, s a l i e n t  
e lements  of t h e  b i o l o g i c a l  oceanography i n  t h e  r e g i o n  of t h e  proposed 
development a r e  summarized. T h e  fo l lowing  s e c t i o n s  d i s c u s s  expec ted  
impacts of c o n s t r u c t i o n  and o p e r a t i o n  of t h e  p l a n t ,  and f i n a l l y ,  
s i g n i f i c a n t  a s p e c t s  of modeling s t u d i e s  conducted i n  suppor t  of t h e  Kahe 
OTEC p l a n t  development a r e  p re sen ted .  

2.0 M-W, OTEC PLANT DESCRIPTIVE OVERVIEW 

Kahe Po in t  on the southwest sho re  of  Oahu, Hawaii, i s  t h e  proposed 
s i t e  f o r  t h e  n a t i o n ' s  f i r s t  commercial OTEC p l a n t  ( F i g u r e  2.1). A f o s s i l  
f u e l  e l e c t r i c a l  g e n e r a t i n g  s t a t i o n  i s  o p e r a t e d  a t  t h e  s i t e  by Hawaiian 
E l e c t r i c  I n d u s t r i e s  ( H E I ) .  T h i s  conven t iona l  power p l a n t  w i l l  p rov ide  t h e  
shore-based power d i s t r i b u t i o n  network and w i l l  enhance t h e  OTEC thermal  
r e s o u r c e  through t h e  d i s c h a r g e  of i t s  c o o l i n g  system e f f l u e n t  t o  t h e  OTEC 
p l a n t  i n t a k e .  F i g u r e  2.2 p r e s e n t s  a g e n e r a l  view of t h e  proposed system. 
T h e  Land-Based Containment System (LBCS) c o n t a i n s  t h e  major s eawa te r  
pumping f a c i l i t i e s ,  h e a t  exchangers ,  and t u r b i n e s  which c o n s t i t u t e  t h e  
power convers ion  elements of t h e  sys tem.  The LBCS w i l l  be connec ted  t o  
sho re  by a t r e s t l e  p rov id ing  a c c e s s  f o r  o p e r a t o r s ,  e q u i p m e n t ,  and s u p p l i e s  
and c a r r y i n g  e l e c t r i c  power, ammonia t r a n s f e r  l i n e s ,  and c o n t r o l  and 
command c a b l e s  l i n k i n g  t h e  LBCS w i t h  H E I ' s  onshore  s t a t i o n .  

Warmed seawater  from t h e  H E 1  s t a t i o n  w i l l  be piped t o  t h e  shore-  
f a c i n g  s i d e  of t h e  LBCS. Sur face  seawater  w i l l  be  drawn i n t o  t h e  warm- 
water  i n t a k e  through f i x e d  and t r a v e l i n g  s c r e e n s  and mixed w i t h  t h e  H E 1  
e f f l u e n t  water .  Cold seawa te r  w i l l  be d e l i v e r e d  t o  t b e  LBCS through a co ld  
water  p i p e  (CWP) ex tend ing  from t h e  LBCS t o  t h e  i n t a k e  s t r u c t u r e  a t  a depth 
of about 670 m l o c a t e d  roughly  4,000 m o f f s h o r e .  T h e  CWP w i l l  be d i v i d e d  
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Figure  2.1.--Hawaiian Islands and Oahu. 



3 

i 

Figure  2.2.--Plan v i e w  of 40 Mw, OTEC power p l a n t .  
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i n t o  two major s e c t i o n s :  t h e  deep segment w i l l  b e  a composi te  f i b e r -  
r e i n f o r c e d  p l a s t i c  (FRP) s t r u c t u r e  ex tend ing  from t h e  s h e l f  s l o p e  b reak  a t  
a depth  of abou t  85 m t o  t h e  deep i n t a k e  s t r u c t u r e .  Between t h e  t o p  of t h e  
escarpment and t h e  LBCS. t h e  c o l d  water w i l l  be conducted through one 
s e c t i o n  of a three-element  c o n c r e t e  p i p e l i n e  s t r u c t u r e  which w i l l  a l s o  
i n c l u d e  two mixed e f f l u e n t  p i p e s  (MEPI. 
t h e  sediment s u r f a c e  u n t i l  a depth  of abou t  30 m. a t  which p o i n t  i t  w i l l  
e n t e r  a prepared  t r e n c h  and be b u r i e d  f o r  t h e  remainder  of i t s  r u n  t o  the 
LBCS. 

The c o n c r e t e  p i p e l i n e  w i l l  l i e  on 

The OTEC power system c o n s t i t u t e s  a c l o s e d  Rankine c y c l e  w i t h  ammonia 
as t h e  working f l u i d .  
evaporator-condenser  sets and one t u r b i n e  g e n e r a t o r .  The h e a t  exchangers  
are t i t a n i u m  tube- in-she l l  d e s i g n s ,  each approx ima te ly  7 m i n  d i ame te r  and 
20 m long.  
50 ppb ( p a r t s  pe r  b i l l i o n )  f o r  1 h d a i l y .  

Four  40 We modules are planned,  each w i t h  two 

The evapora to r  t u b e s  w i l l  be c l eaned  u s i n g  c h l o r i n a t i o n  a t  

Nominal o p e r a t i n g  parameters  f o r  t h e  p l a n t  are summarized i n  Table  
2.1. Ambient s u r f a c e  w a t e r  a t  roughly  25OC w i l l  b e  drawn i n t o  t h e  i n t a k e  
a t  a rate of about  76 m3s-1. 
rate of abou t  32  m3s-1 .  
t r a n s f e r r e d  t o  t h e  vapor i zed  ammonia working f l u i d ,  and t h e  thermal  energy 
w i l l  be conver ted  t o  mechanical  energy i n  t h e  t u r b i n e s .  The gaseous  
ammonia w i l l  t hen  e n t e r  a n o t h e r  s e t  of h e a t  exchangers  f o r  condensa t ion  and 
subsequent  d e l i v e r y  t o  t h e  e v a p o r a t o r s  t o  s t a r t  a n o t h e r  cyc le .  The 
seawater i n  t h e  condensers  w i l l  be drawn from t h e  deep i n t a k e  a t  a rate of 
approximate ly  90 m3s-' and an  average  t empera tu re  of abou t  5 O C .  Excurren t  
seawater from e v a p o r a t o r s  and condensers  w i l l  be mixed i n  t h e  e f f l u e n t  bay 
of t h e  LBCS and d i scha rged  through t h e  mixed e f f l u n t  p i p e  (MEP) a t  a d e p t h  
of about  85 m. 
sur rounding  ambient water and w i l l  t end  t o  s i n k  i n  t h e  water column. A t  t h e  
depth  of d e n s i t y  equ i l ib r ium,  t h e  e f f l u e n t  plume w i l l  be  e n t r a i n e d  i n  
p r e v a l e n t  oceanographic  c i r c u l a t i o n  s t r u c t u r e s .  

The 310-32OC HE1 e f f l u e n t  w i l l  mix i n  a t  a 
A t  t h e  evapora to r s ,  thermal  energy w i l l  be  

The mixed d i s c h a r g e  of 197 m3s-' w i l l  be dense r  t h a n  t h e  

3.0 BIOLOGICAL OCEANOGRAPHY 

3.1 Phytoplankton 

Chlorophyll 5 Concentrat ions--In t h e  o c e a n i c  waters o f f  Kahe Po in t  
c h l o r o p h y l l  a c o n c e n t r a t i o n s  are l o w ,  i n c r e a s i n g  w i t h  dep th  t o  a maximum 
and then  d e c i i n i n g  r a p i d l y  (Fig.  3.1) (Noda e t  a l .  1981) .  
c h l o r o p h y l l  a maximum below t h e  mixed l a y e r  i s  a c o n s i s t e n t  a t t r i b u t e  of 
t h e  Kahe P o i z t  ocean ic  environment.  
around H a w a i i  (i .e.,  Bienfang 1981) and many o l i g o t r o p h i c  P a c i f i c  areas 
(Shulenberger  1978) .  
average  about  0.1 pg 1-l; t h e  average  c o n c e n t r a t i o n  a t  t h e  s u b s u r f a c e  
c h l o r o p h y l l  2 m a x i m u m  is about  0.3 pg 1-1 (Noda e t  a l .  1981).  The dep th  
of t h e  c h l o r o p h y l l  5 maximum varies  among sampling areas, r ang ing  from 50 
t o  120 m. Sur face  c h l o r o p h y l l  5 c o n c e n t r a t i o n s  o c c a s i o n a l l y  i n c r e a s e  w i t h  
proximi ty  t o  t h e  shore ,  and leve ls  r ang ing  from 0.10 t o  0.90 ug 1-1 have 
been r e p o r t e d  i n  n e a r s h o r e  environments  (Bienfang 1975; Bienfang  and Brock 
1980).  

The s u b s u r f a c e  

This  p a t t e r n  i s  t y p i c a l  f o r  t h e  waters 

I n  t h e  upper mixed l a y e r  c h l o r o p h y l l  2 c o n c e n t r a t i o n s  
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Tab le  2.1.--The 40 MWe OTEC p l a n t  nominal o p e r a t i n g  
and c o n f i g u r a t i o n  parameters .  

Design c o n d i t i o n s  
Surface  temp (OF) 
HECO temp (OF) 
CWP d e p t h  ( f t )  
CW temp (OF) 
DP CWP l n g t h  ( f t )  

Turbine e f f  (X) 
Water pump e f f  (XI 
Fouling f a c t o r  

System c h a r a c t e r i s t i c s  
cw flow 
DP CWP D I A  ( f t )  
cw v e l o c i t y  ( f p s )  

Warm flow (m3s-1) 
HECO flaw (m3s-l) 
WW mixed temp (OF) 
System T (OF) 

Evaporator  
Water f low (m3s-1) 
No. t u b e s  
Tube l e n g t h  ( f t )  
Tube vel  ( f p s )  
P r e s s  drop ( p s i d )  
Overall U 
NH3 flow ( l b  s-1) 

Condenser 
Water flow (m3s-l) 
No. t u b e s  
Tube l e n g t h  ( f t )  
Tube vel  ( fps )  
P r e s s  drop ( p s i d )  
Overall U 

WW pump TWR (me) 
CW pump PWR (me) 
NH3 pump PWR (me) 
Other  PWR (me) 
T/G r a t i n g *  

J u n e  1984 

77.5 
87 .O 
2200 
41.5 
8400 

86 
87 
0.0001 

89.65 
19.8 
10.3 

75.58 
31.85 
80.3 
38.8 

13.43 
40.128 
44.8 
4.5 
3.48 
443.2 
3 95 

11.21 
37.671 
49.3 
4.0 
3.28 
458.3 

4.1 
8.4 
0.9 
0.4 
14.9 

* 10% o v e r c a p a c i t y  f o r  maximum warmwater c o n d i t i o n s .  
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Figure  3.1.--Chlorophyll a v a l u e s  a t  Kahe P o i n t  (from 
Noda e t  a l .  1981).  

Numerical i n t e g r a t i o n  o f  c h l o r o p h y l l  d a t a  a t  a l l  dep ths  p r o v i d e s  an  
index  of t h e  t o t a l  phytoplankton s t a n d i n g  s t o c k  i n  t h e  p h o t i c  zone. For 
t h e  oceanic  Kahe Poin t  environment ,  d e p t h - i n t e g r a t e d  c h l o r o p h y l l  - a levels  
ranged from 12 t o  40 mg m-2 ove r  t h e  y e a r  and averaged 20 mg m-2. 
of t h e  phytoplankton  biomass p r e s e n t  i n  t h e  p h o t i c  zone occur s  below t h e  
mixed l a y e r  (Noda e t  a l .  1981) ;  on ly  about  20% of t h e  t o t a l  c h l o r o p h y l l  a 
biomass occur s  i n  t h e  l a y e r  above 44 m. 

Most 

Recent s t u d i e s  have i n v e s t i g a t e d  c h l o r o p h y l l  5 d i s t r i b u t i o n  i n  t h e  
nea r shore  r eg ion  and expanded t h e  d a t a  r e c o r d s  i n  t h e  o f f s h o r e  reg ion .  The 
s i n g l e  s r s t i o n  sampled i n s h o r e ,  a t  t h e  approximate  l o c a t i o n  of t h e  LBCS, 
showed c h l o r o p h y l l  2 levels  s i m i l a r  t o  t h o s e  a t  o t h e r  nea r shore  s t a t i o n s  i n  
70 m of water (Bienfang e t  a l .  1983) .  

Phaeopigment Levels--Phaeopigments are  an  e a r l y - s t a g e  decomposi t ion 
product  of c h l o r o p h y l l s  and are f r e q u e n t l y  a major component of t h e  gu t  
c o n t e n t s  of he rb ivo rous  zooplankton.  Because they  are l i g h t - l a b i l e ,  they 
represent :  an  i n t e g r a t e d  measure of g r a z i n g  over  a time scale of roughly  a 
week. Phaeopigment/chlorophyll r a t i o s  i n  t h e  ocean ic  area range  between 
0.6 and 1.5 and average  about  1.0 (Noda e t  a l .  1981) .  Nearer t h e  s h o r e l i n e  
t h e s e  r a t i o s  t end  t o  be h i g h e r  due t o  i n c r e a s i n g  c o n t r i b u t i o n s  of 
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decomposing p l a n t  material resuspended from t h e  ben thos  (Bienfang and 
Gundersen 1977) .  

Phytoplankton S i z e  S t r u c t u r e - T h e  phytoplankton  component smaller than  
3 p~ ( termed p icoplankton)  c o n s t i t u t e s  abou t  65% of t h e  t o t a l  biomass a t  
a l l  depths  i n  t h e  Kahe Po in t  area. The predominance of phytoplankton  
biomass i n  t h e  p icoplankton  s i z e  class i s  a d i s t i n g u i s h i n g  a t t r i b u t e  of 
o l i g o t r o p h i c  seas and may be r e l a t e d  t o  a p r e v a i l i n g  n u t r i e n t  f i e l d  
c h a r a c t e r i z e d  by p e r s i s t e n t l y  low n u t r i e n t  l eve ls  and numerous s m a l l  i n p u t s  
of r egene ra t ed  n u t r i e n t s  from g r a z i n g  (Noda e t  a l .  1981) .  

Taxonomic Composition--No c r e d i b l e  taxonomic d a t a  exist  for t h e  
phytoplankton  assemblages i n  t h e  Kahe Poin t  environment .  The predominance 
of p icoplankton  i s  known from o t h e r  Hawaiian o c e a n i c  waters (Noda e t  a l .  
1982).  Thus g e n e r a l i z a t i o n s  based on d a t a  from nearby l o c a l e s  are probably 
r e l e v a n t  t o  t h e  Kahe p o i n t  system. The p i cop lank ton  component, r ep resen t -  
i n g  t h e  predominant biomass f r a c t i o n ,  c o n s i s t s  of monads and small 
u n i d e n t i f i a b l e  f l a g e l l a t e s  (Takahashi  and Bienfang  1983).  The nanno- 
p lankton  component (3-20 pm) c o n s i s t s  ( i n  o r d e r  of dec reas ing  abundance) of 
small d i n o f l a g e l l a t e s ,  cocco l i thophores ,  small penna te  and c e n t r i c  diatoms, 
chrysophytes ,  and blue-green a l g a e  (Takahashi  and Bienfang 1983).  The n e t  
p lankton  component (>20  ym) c o n s i s t s  of  l a r g e  d i n o f l a g e l l a t e s ,  c e n t r i c  and 
pennate  diatoms,  and blue-green a l g a e  (Takahashi  and Bienfang 1983) .  Such 
a community composi t ion can be  expec ted  i n  t h e  Kahe ocean ic  waters. 
i n c r e a s i n g  proximi ty  t o  t h e  s h o r e l i n e ,  t h e  a s s o c i a t e d  dec rease  i n  water 
dep th  w i l l  probably r e s u l t  i n  an  i n c r e a s e d  abundance of pennate  diatoms,  
many of which are a s s o c i a t e d  w i t h  t h e  benthos.  

With 

W 

Primary P r o d u c t i v i t y - I n  t h e  Kahe P o i n t  o c e a n i c  reg ion ,  pr imary  
p r o d u c t i v i t y  is  g e n e r a l l y  uniform; t h e  rates are abou t  0.12 VgC . 1-1 O v e r  

t h e  upper 90 m and about  0.03 ygC 1-1 h-1 a t  t h e  base of t h e  p h o t i c  
zone (Noda e t  a l .  1981). The a v e r a g e  d e p t h - i n t e g r a t e d  pr imary p roduc t ion  
i n  t h e  area i s  13.8 mgC . m-2 . h-1, and t h e  ave rage  annual  pr imary 
p roduc t ion  estimate i s  60.4 gC m-2 . yr-1 (Noda e t  a l .  1981).  This  v a l u e  
i s  similar t o  v a l u e s  f o r  o t h e r  s u b t r o p i c a l  waters (El-Sayed and Taguchi 
1979).  

* 
The temporal  v a r i a b i l i t y  of p r o d u c t i v i t y  i n  t h i s  area i s  cons ide rab ly  

l a r g e r  t h a n  t h a t  of  t h e  biomass v a r i a b l e s .  The n a t u r e  of t h i s  v a r i a b i l i t y  
is  s y s t e m a t i c  and u n l i k e  t h a t  of t h e  biomass v a r i a b l e s ,  showing two r a t h e r  
d i s t i n c t  phases  of  low and high p roduc t ion  from May t o  December and January  
t o  May, r e s p e c t i v e l y  (Noda e t  a l .  1981) .  

Nearshore v a l u e s  of primary p r o d u c t i v i t y  are s i g n i f i c a n t l y  h i g h e r  t han  
t h o s e  o f f s h o r e ,  r ang ing  from 0.043 t o  0.436 ygC 1-1 . h-1 on t h e  upper 
80 m, and between 0.056 and 0.090 pgC . 1-1 . h-1 below 80 m. P r o d u c t i v i t y  
levels i n  sha l low (50 m) water appea r  t o  be  similar t o  t h o s e  i n  deeper  
water (Szyper e t  a l .  1983).  Depth- in tegra ted  pr imary product ion  f o r  t h e s e  
nea r shore  samples w a s  34.0 mgC . m-2 h-1; t h e  ave rage  annual  p roduc t ion  
is e s t i m a t e d  t o  be 298 g c  m-2 yr-1, approximate ly  5 times t h a t  of t h e  
o f f  sho re  reg ion .  



8 

3.2 Zoqelankton 

- Microeooplanbton--Microzooplankton a r e  s m a l l ,  f r e e - f l o a t i n g  an imals  
d e s c r i b e d  o p e r a t i o n a l l y  a s  t h o s e  organisms which p a s s  through a 202-um mesh  
n e t  and a r e  c o l l e c t e d  on a 35-pm mesh n e t .  Most microzooplankton a r e  
he rb ivo rous  (i.e.,  feed  upon phy top lank ton) ,  and a l a r g e  p r o p o r t i o n  a r e  
young developmental  s t a g e s  of c a l a n o i d  copepods. 

S tanding  s t o c k  d e n s i t i e s  i n  t h e  u p p e r  200 m i n  Hawaiian w a t e r s  r ange  
from 0.1 t o  1.3 mgC m-3, and t h e  t o t a l  microzooplankton s t a n d i n g  s t o c k  i n  
t h e  upper 200 m i s  e s t i m a t e d  t o  be  166 mgC m-' (Gundersen e t  a l .  1976).  
S imi l a r  s t a n d i n g  s t o c k s  a r e  r e p o r t e d  f o r  a v a r i e t y  of o l i g o t r o p h i c  P a c i f i c  
l o c a l e s  (Beers  and Stewar t  1969a, 1969b; Beers e t  a l .  1975). Microzoo- 
p lankton  biomass i n c r e a s e s  w i t h  dep th  t o  a maximum a t  75 t o  125 m ,  then  
d e c r e a s e s  i n  t h e  lower p o r t i o n  of  t h e  p h o t i c  zone. T h e  v e r t i c a l  p r o f i l e  of 
biomass e x h i b i t s  a maximum a t  about t h e  same depth  as t h a t  f o r  t h e  phyto- 
p lankton  biomass (Table  3.1) (Gundersen e t  a l .  1976) .  Microzooplankton 
s t a n d i n g  s t o c k  i s  b e l i e v e d  t o  d e c r e a s e  a b r u p t l y  below 200 m ,  a l t hough  
v e r t i c a l  mig ra t ion  can t a k e  p l a c e  t o  a t  l e a s t  t h e  depth  of t h e  co ld-water  
p i p e  i n t a k e .  

Add i t iona l  s i t e - s p e c i f i c  d a t a  from microzooplankton s t a n d i n g  s t o c k s ,  
taxonomic composition, and p a t t e r n s  of n a t u r a l  v a r i a b i l i t y  were t o  have 
been o b t a i n e d  d u r i n g  phase 2 f o r  i n c o r p o r a t i o n  i n t o  t h e  EIS a n a l y s i s  (OTC 
19851, bu t  such s t u d i e s  have not  y e t  been performed. 

Table  3.1.--Biomass d i s t r i b u t i o n  i n  Hawaiian waters 
(from Gundersen e t  a l .  1976) .  

Depth Bacteria Fungi Phytoplankton'  Microzoopl ankton 
( m) (pg c/rn3> (ug c/rn3> (mg c/m3) (mg c/m3) 

0 
25 
50 
7s  

100 
125 
150 
175 
200 

Tot a12 

13.0 
8.3 
3.2 
2.2 
1.2 
2.0 
1.8 
1.3 
0.8 

67 5 

0.062 
0.056 
0.052 
0.060 
0.216 
0.165 
0.114 
0.137 
0.160 

23 

9.0 
12.5 

9.5 
8.5 

13.8 
21.5 
15.5 
10.5 

7.2 

2497 

0.110 
0.550 
0.765 
0.915 
1.300 
1.285 
0.997 
0.570 
0.380 

166 

'Ca lcu la t ed  from c h l o r o p h y l l  5 x 100 (Gundersen e t  a l .  1976) .  
2To ta l  carbon i n  t h e  w a t e r  column 0-200 m/m 2 of ocean s u r f a c e .  
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Hacrozooplankton--Macrozooplankton are  f r e e - f l o a t i n g  an imals  cap tu red  
by a 202 um m e s h  n e t ;  these organisms a r e  t axonomica l ly  he te rogeneous  and 
i n c l u d e  h e r b i v o r e s  and c a r n i v o r e s .  C h a r a c t e r i s t i c a l l y ,  macrozooplankton 
biomass d e c r e a s e s  w i t h  depth .  The  composition t e n d s  t o  change w i t h  
i n c r e a s i n g  proximi ty  t o  s h o r e ,  and t h e  assemblage c o n t a i n s  a g r e a t e r  
meroplankton component. Meroplankton a r e  temporary members of t h e  p lankton  
community; t h e y  i n c l u d e  eggs and l a r v a e  of b e n t h i c  organisms,  and f i s h e s  
(Raymont 1983).  T h e  l a t t e r  a r e  c a l l e d  i ch thyop lank ton  and are d i s c u s s e d  i n  
t h e  fo l lowing  subsec t ion .  

” 
Macrozooplankton biomass o f f  Kahe Po in t  e x h i b i t s  two p r e v a l e n t  

p a t t e r n s  o f  v a r i a t i o n :  
biomass l e v e l s  g r e a t e r  t han  daytime l e v e l s  i n  t h e  upper w a t e r s  (Tab le  3.2). 
Macrozooplank on s t a n d i n g  s t o c k s  a r e  ex t remely  v a r i a b l e .  Values a s  high a s  
4.72 mgC m-’ have been r e p o r t e d  f o r  t h e  upper 2 5  m (Tab le  3.2). Organism 
d e n s i t i e s  i n  excess  of 300 m-3 have been r e p o r t e d  n e a r  t h e  Kahe power p l a n t  
(Coles  and McCain 1973; Environmental  C o n s u l t a n t s  1974a, 1974b; McCain 
1977). 

a d e c r e a s e  of biomass w i t h  dep th ,  and n i g h t t i m e  
W 

T h e  r e l a t i v e  abundance of t h e  common macrozooplankton groups of t h e  
o f f s h o r e  Kahe P o i n t  environment i s  g iven  i n  Tab le  3.3. Copepods are 
t h e  most abundant,  compr is ing  between 70435% of t h e  t o t a l  numbers; 
approximate ly  60% a r e  c a l a n o i d  copepods. Biomass maxima of medusae, 
gas t ropod l a r v a e ,  and f o r a m i n i f e r s  e x i s t  nea r  t h e  s u r f a c e  and d e c r e a s e  w i t h  
depth .  R a d i o l a r i a n s ,  pelecypod l a r v a e ,  amphipods, chae togna ths ,  l a r v a c e a n s ,  
and s a l p s  have biomass maxima between 25 and 200 m (Noda e t  a l .  1981) .  
In  t h e  w a t e r s  c l o s e r  t o  s h o r e ,  copepods a r e  t h e  predominant f auna  (Bienfang 
1975;’McCain 19771, and meroplankton such a s  g a s t r o p o d ,  b i v a l v e  and 
po lychae te  l a r v a e  a r e  common (Environmental  C o n s u l t a n t s  1974a). 
common i n s h o r e  meroplankton i n c l u d e  f i s h  l a r v a e ,  c r a b  and shrimp zoea ,  and 
echinoderm l a r v a e  (Environmental  Consu l t an t s  1974a) .  

O t h e r  

Table  3.2--Diel v e r t i c a l  d i s t r i b u t i o n  of macrozooplankton biomass 
observed a t  Kahe Po in t  (Noda and A s s o c i a t e s  and 01 1982) .  

Average macrozooplankton biomass 
Depth 

Nitrofen i n t e r v a l  Organisms Dry weigh t  Carbon 
(m) ( N ~ .  jm3 (mg/m3 1 (mg/m3 1 (mg/m 1 

0-25 day 22.5 5.0 1.42 0.33 
0-25 n i g h t  32.4 10.0 4.72 1.09 

25-200 day 11.6 3 . 1  0.9 0.19 

200-600 n i g h t  1 .o 0.7 0.37 0.09 

25-200 n i g h t  12.9 4.9 1.84 0.45 
200-600 day 1.6 1.2 0.58 0.13 

600-1,000 day 0.5 0.51 0.17 0.03 

c 



10 

Table 3.3--Summary s t a t i s t i c s  f o r  common zooplankton  taxa observed d u r i n g  t h e  O'OTEC 
exped i t ions :  
of occurrence  i n  a l l  samples. 
a l .  19811. 

maximum and minimum of a l l  v a l u e s ,  median of c r u i s e  medians, and f requency  
All  abundance v a l u e s  i n  number p e r  100 m3 ( a f t e r  Noda e t  

Neuston 25 m 200 m 600 m 1.000 m 

Day Night  Day Night  Day Night  Day Night  Day Name 

- 
Foramini fe ra  M a x i m u m  2,770 

Median 2 43 
Minimum 0 
N 16 

4,480 
375 
0 
9 

2,750 
536 
0 
14 

2,130 
3 06 
0 

11 

1,490 
53 0 
0 
13 

75,100 
3,308 
4 46 
15 

27 , 900 
3,668 
2 23 
15 

3,980 
356 
0 
13 

1,570 
3 82 
0 
12 

1,670 3,080 
511 163 
71 0 
22 19 

1,540 942 
406 345 
41 46 
20 19 

231 130 129 
93 34 75 
7 20 1 
17 8 11 

L 

Radio1 aria M a x i m u m  1.320 
Median 186 
Minimum 0 
N 15 

1,425 4,000 
3 95 350 
0 0 
20 18 

2,710 3,140 
259 220 
0 0 
18 18 

774 460 176 
20 19 22 
0 0 0 

15 7 10 

Medusae Maximum 1,030 
Median 32 
Minimum 0 
N 9 

842 1,050 
124 99 
0 0 
18 17 

384 262 
30 38 
0 0 

11 11 

2 21 38 2 
6 2 0 
0 0 0 
10 6 3 

Maximum 360 
Median 117 
Minimum 0 
N 14 

Siphonophores 2,290 1,334 
3 01 490 
75 0 
22 19 

373 301 
106 100 
0 0 
17 14 

58 43 11 
17 5 0 
0 0 0 
15 7 4 

Gastropod 
v e l i g e r s  

M a x i m u m  13,900 
Median 2,030 
Minimum 92 
N 17 

2,750 12,000 
1,077 2,642 
199 827 
22 21 

1,920 2,500 
67 1 7 07 
181 122 
20 19 

415 70 55 
48 42 7 
5 22 2 
17 8 11 

- Pelecypod 
v e l i g e r s  

Maximum 6,540 
Median 1,401 
Minimum 0 
N 16 

4,510 26,984 
926 1,972 
66 372 
22 21 

1,490 1,090 
610 396 
84 47 
20 19 

500 37 46 
15 9 2 
0 0 0 
16 5 10 

Polychae tes  Maximum 443 
Median 68 
Minimum 0 
N 10 

916 1,570 
113 4 46 
0 107 
18 21 

427 394 
150 129 
0 18 
19 19 

130 65 27 
18 12 6 
0 0 0 
16 7 10 

1,710 3,920 
713 1.110 
3 01 198 
20 19 

Ostracods M a x i m u m  55 
Median 0 
Minimum 0 
N 3 

529 5,690 
0 824 
0 0 
8 20 

1,160 549 235 
333 171 26 
75 68 11 
17 8 11 
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Table 3.3 (Continued) 

N a m e  

Neuston 25 m 200 m 600 m 1,000 m 

Day Night  Day Night  Day Night  Day Night  Day 

Amphipods 

Euphausi ids  

Chaetognaths 

Larvaceans 

Sa lps  

F i s h  eggs 

Calanoid 
copepods 

Ac r o c  a1 anus 
SP 

M a x i m u m  
Median 
Minimum 
N 

Maximum 
Median 
Minimum 
N 

M a x i m u m  
Median 
Minimum 
N 

Maximum 
Median 
Minimum 
N 

Maximum 
Median 
Minimum 
N 

M a x i m u m  
Median 
Minimum 
N 

369 
0 
0 
6 

206 
0 
0 
2 

2,250 
5 42 
0 
13 

16 , 900 
2,695 

18 
17 

265 
0 
0 
4 

57 , 400 
22,500 
12,600 

17 

1 , 840 45 8 
146 38 
0 0 
10 14 

995 1,280 
76 154 
0 0 
8 16 

10,300 1,730 
1 , 485 928 
304 0 
15 21 

21 , 400 25 , 900 
5,665 5,682 
1,490 1,180 

15 22 

989 687 
110 107 
0 0 

11 18 

41,900 19,000 
11,975 10,012 
5,760 4,040 

15 22 

Maximum 152,424 281,276 61,551 
Median 6,268 42,286 23,079 
Minimum 52 10,211 4,181 
N 17 15 22 

M a x i m u m  91.900 28,900 4.550 
Median 728 1,188 1,118 
Minimum 0 175 0 
N 16 15 20 

799 398 
90 76 
0 0 
11 17 

2,140 4 87 
5 40 182 
0 0 
20 19 

4,890 1,070 
1 , 482 63 4 

53 1 257 
21 20 

41,245 4,940 
7,617 1,455 

213 943 
21 20 

53 3 3 95 
116 116 
0 0 
16 17 

77,500 13,700 
11,025 2,860 
3,590 654 

21 20 

3 57 
91 
0 
16 

1,290 
43 9 
15 
19 

1 , 260 
560 
0 
18 

5,790 
3,085 
83 4 
19 

737 
129 
0 
18 

9,020 
4,500 
65 5 
19 

59 30 
6 6 
0 0 
12 4 

3 03 67 
64 13 
16 0 
17 8 

9 
1. 
0 
8 

27 
5 
1 

11 

? 

404 216 115 
73 109 16 
23 39 0 
17 8 10 

404 142 77 
73 73 23 
0 0 0 
15 7 9 

83 9 5 
0 0 1 
0 0 0 
5 1 4 

1,930 320 867 
237 242 438 
75 39 27 
17 8 11 

68,177 23,633 32,309 50,027 2,581 1,664 
30,783 12,913 12,315 1,781 1,125 416 
17,524 3,293 2,926 895 514 216 

21 20 19 17 8 11 

8,030 1.960 565 221 3 0 
1,034 254 220 1 0 0 

0 8 0 0 0 0 
20 20 17 6 1 0 



12 

Table 3.3 (Continued) 

Neuston 25 m 200 m 600 m 1,000 m 

Name Day Night Day Night Day Night Day Night Day 

Paraca l  anus - sp. 

Clausocalanus 
SP. 

Euchaeta sp. 

Pleuromamma 
SP 

Luc icu t i a  sp. 

Halop t i lu s  

Candacia sp.  

Acartia 
negl igens  

M a x i m u m  
Median 
Minimum 
N 

M a x i m u m  
Median 
Minimum 
N 

Maximum 
Median 
Minimum 
N 

Maximum 
Median 
Minimum 
N 

Maximum 
Median 
Minimum 
N 

M a x i m u m  
Median 
Minimum 
N 

Maximum 
Median 
Minimum 
N 

Maximum 
Median 
Minimum 
N 

1,840 
0 
0 
8 

10,500 
43 4 
0 
15 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

98 
0 
0 
1 

20 5 
0 
0 
5 

1,300 
254 
0 
13 

11,900 
145 
0 
12 

18,200 
3,677 
43 7 
15 

17 6 
0 
0 
3 

1,490 
82 
0 
6 

47 9 
0 
0 
4 

0 
0 
0 
0 

2 83 
34 
0 
5 

4,600 
2,402 

0 

3,390 
152 
0 
18 

11,100 
3,164 

74 
22 

2,200 
191 
0 
14 

0 
0 
0 
0 

151 
0 
0 
4 

37 
0 
0 
2 

7 87 
58 
0 

11 

3,480 
83 4 
0 

14 20 

3,670 1,110 
175 100 
0 0 
14 18 

6,990 5,970 
3,415 1,188 
53 5 3 28 
21 20 

1,330 656 
45 1 20 7 
0 0 
16 16 

6 , 020 34 
408 0 
0 0 
20 2 

2,350 1,040 
6 95 379 
87 0 
21 19 

87 3 20 
0 119 
0 0 
2 19 

7 83 40 4 
70 53 
0 0 

11 15 

8,360 852 
2,211 186 

0 0 
20 18 

926 
13 9 
0 
18 

6,220 
1,240 
23 8 
19 

2,260 
263 
0 
15 

2,730 
558 
0 
16 

6,172 
553 
53 
19 

3 94 
123 
0 
16 

322 
45 
0 
11 

595 
165 
0 
17 

55 8 0 
0 0 0 
0 0 0 
3 1 0 

7 36 89 11 
115 7 0 
0 0 0 
12 4 2 

17 8 17 55 
1 0 1 
0 0 0 
6 2 3 

940 162 66 
83 27 1 
0 0 0 
15 7 4 

452 222 164 
127 82 13 
0 5 0 
16 8 7 

13 1 74 33 
43 48 2 
0 25 0 
15 8 6 

12 4 1 
0 0 0 
0 0 0 
3 1 1 

83 0 0 
0 0 0 
0 0 0 
2 0 0 
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Table  3.3 (Continued) 

Name 

Neuston 25 m 200 m 600 m 1,000 m 

Day Night  Day Night  Day Night  Day Night Day 

Oithona sp. M a x i m u m  326 3,980 17,900 11,800 7,950 
Median 0 872 3,685 3,542 2,742 
Minimum 0 0 472 0 613 
N 8 12 22 20 20 . 

Corycaeidae Maximum 57,600 17,900 16,700 17,100 2,280 
Median 12,200 6,310 4,035 5,705 1,260 
Minimum 239 1,600 2,220 3,020 297 
N 17 15 22 21 20 

Oncaea sp. M a x i m u m  19.800 43,800 9,970 21,400 6,540 
Median 745 5,985 2,710 7,910 2,442 
Minimum 0 953 664 3,490 9 67 
N 16 15 22 21 20 

6,120 
2,865 
867 
19 

3 , 260 
1,310 
25 9 
19 

8,090 
3,065 
47 2 
19 

1,350 326 66 
192 147 18 
45 61 2 -  
17 8 11 

a 
718 97 66 
26 35 4 
0 0 0 
15 7 10 

3,020 1,830 1,140 
1,032 541 311 
317 325 96 
17 8 11 

- Ichthvoplankton--The composition of i ch thyop lank ton ,  t h e  eggs and 
l a r v a e  of  f i s h ,  i s  v a r i a b l e .  Nearshore samples t end  t o  c o n t a i n  a g r e a t e r  
p r o p o r t i o n  of r e e f  f i s h  and c o a s t a l  s p e c i e s ;  o f f s h o r e  samples r e v e a l  more 
eggs and l a r v a e  of mesopelagic and e p i p e l a g i c  s p e c i e s .  

Samples taken  over  1 y r  a t  a s t a t i o n  5 nmi o f f s h o r e  of Kahe Po in t  
( S t a t i o n  1 of t h e  Bench a r k  su rvey)  i n d i c a t e  d e n s i t i e s  of f i s h  eggs of 
about 105, 37,  and 2 m-’ f o r  t h e  0.25, 25-200, and 200-600 m depth  
i n t e  v a l s ,  r e s p e c t i v e l y  (Noda e t  a l .  1981). F i s h  egg d e n s i t i e s  of about 
4 m-’ were r e p o r t e d  i n  t h e  n e a r s h o r e  r e g i o n  a t  Waianae (Bienfang 19751, and 
means of 23 and 26 m-3 from n e a r s h o r e  samples o f f  Kahe Po in t  (Environmental  
Consu l t an t s  1975). 

Table  3.4 summarizes d e n s i t i e s  of f i s h  l a r v a e  i n  samples t aken  du r ing  
the summer and w i n t e r  a t  sha l low (3-5 m) and deep (127-128 m) s t a t i o n s  o f f  
Kahe Po in t  ( L e i s  1978; Miller e t  a l .  1979). 
l a r v a l  f i s h  abundance a t  t h e  sha l low s t a t i o n  w s 0.232 m- ( r e p r e s e n t i n g  50 
s p e c i e s ) ,  and a t  t h e  deep s t a t i o n  was 0.126 m-’ ( r e p r e s e n t i n g  27 s p e c i e s ) .  
During w i n t e  t h e  average  t o t a l  f i s h  l a r v a e  d e n s i t y  t t h e  sha l low s t a t i o n  
was 0.084 m-5’(representing 21 s p e c i e s )  , and 0.01 5 m-’ ( r e p r e s e n t i n g  1 1  
s p e c i e s )  a t  t h e  deep  s t a t i o n .  Other s t u d i e s  conducted i n  t h e  n e a r s h o r e  
Ka e Po in t  environment showed ave rage  l a r v a l  f i s h  d e n s i t i e s  of about 2.1 
m . A common f e a t u r e  of a l l  t h e s e  s t u d i e s  has been an extremely high 
measured v a r i a b i l i t y  (McCain 1977). Bienfang (1983) found high r mean 
d e n s i t i e s  onsh re t h a n  o f f  hore  i n  summer (2.11 m-3 v s .  0.26 m 
w i n t e r  (0.32 -’ v s  0.17 m-’) w i t h  s t anda rd  d e v i a t i o n s  as high a s  50% of t h e  
mean f o r  i n d i v i d u a l  s t a t i o n s .  

During summeg, t h e  t o t a l  

-9 
-5 and 
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Table  3.4--Compilation of s e l e c t e d  f i s h  larvae abundance i n  t h e  Kahe 

da ta .  (Data t aken  from Miller e t  a l .  1979.) 
P o i n t  v i c i n i t y .  Abundances are number of i n d i v i d u a l d m  3 , (-1 = no 

Summer . Winter  

Genera I n s h o r e  Of f shore  I n s h o r e  Off s h o r e  

Cyclothone s p .  
V i n c i g u e r r i a  sp. 
Ce ra toscope lus  sp. 
Hygophum sp. 
Lampadena sp. 
Cypselurus sp. 
Mu1 1 i dae  
S e r i o l a  sp. 
Coryphaena sp .  
Abudef duf sp. 
Eupamocentrus sp. 
A u x i s  sp.  
Gobi idae  
P s i l o g o b i u s  sp. 
T r i p t e r y g i o n  sp. 
Enchelyurus sp. 
Ekallias sp. 
S c h i n d l e r i i d a e  
Te t r aodon t idae  

0.0011 
0.0044 
0.0057 

0.0007 
0.0015 
0.0162 
0.0013 
0.0021 
0.0037 
0.0007 

0.0028 
0.0021 
0.004 
0.0202 
0.046 
0.0013 
0.0022 

-- 

-- 

-- 
-- 

0.0014 -- 
-- 

0.0007 
0.0081 
0.0014 

0.0037 

0.0007 
0.0007 

-- 

-- 

-- 
-- 

0.0360 
0.0114 

0.0007 
-- 

0.0009 

0.0009 

0.0009 

-- 

-- 
-- 
-- 
-- 
-- 

0.0028 
-- 
-- 
-- 
-- 

0.0008 
0.0019 
0.0001 

-- 
-- 

Average t o t a l  d e n s i t i e s  of f i s h  l a r v a e  found a t  s t a t i o n s  2.4, 4.8, and 
8 km from s h o r e  a t  Kahe P o i n t  were 0.009, 0.006, and 0.006 m-3, r e spec -  
t i v e l y  (Pa r sons  Hawaii 1981) .  
g r e a t e s t  d i r e c t  commercial importance,  Carangidae  ( j a c k s )  and Scombridae 
( t u n a )  g e n e r a l l y  were most abundant a t  
p r e s e n t  a t  d e n s i t i e s  of about  0.0011 m . 

T h i s  s t u d y  shows t h a t  t h e  s p e c i e s  of 

h e  o f f s h o r e  s t a t i o n  and were -5 
3.3 Mictonekton 

T h i s  c l a s s i f i c a t i o n  i n c l u d e s  organisms t h a t  r ange  i n  s i z e  from 1 t o  10 
cm, a r e  capab le  of a c t i v e  swimming, and commonly d i s p l a y  e x t e n s i v e  v e r t i c a l  
mig ra t ion  on a d i u r n a l  c y c l e .  Micronekton t y p i c a l l y  a r e  found between 500 
and 1,000 m du r ing  t h e  day and between t h e  s u r f a c e  and 300-350 m a t  n i g h t .  
The micronekton a r e  dominated by f i s h  (e.g. ,  Myctophidae, Gonostomatidae,  
and S te rnop tych idae ) ,  c r u s t a c e a n s  (Penae idae ,  Ca r idae ,  Euphausidae,  and 
Mysidae), cephalopods,  and g e l a t i n o u s  organisms. 
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Gonostomatids and myctophids are most abundant  a t  about  600 m du r ing  
t h e  day. and du r ing  t h e  evening  many s p e c i e s  m i g r a t e  toward t h e  s u r f a c e  
(Clarke 1973. 1974; Amesbury 1975) .  
of about  0.004 m-3 a t  650 m du r ing  t h e  day, and t h e s e  levels  may dec rease  
t o  <0.001 m-3 a t  t h a t  d e p t h  d u r i n g  t h e  evening  due t o  upward m i g r a t i o n s  
(Riggs 1977) .  
r e p o r t e d  a t  t h e  same d e n s i t y  a t  650 m du r ing  t h e  day and a t  0-200 m a t  
n i g h t  (Wal te rs  1976).  Maynard e t  a l .  (1975) r e p o r t e d  t o t a l  micronekton 
s t a n d i n g  s t o c k  levels of 494 g w e t  weight  p e r  100  m2 of ocean s u r f a c e  f o r  
t h e  0-1.200 m dep th  range  i n  t h e  Kahe P o i n t  area. Clarke  (1983) h a s  
reviewed micronekton s t u d i e s  i n  more d e t a i l .  

Penaeid shr imp may occur  a t  d e n s i t i e s  

S e r g e s t i d  shr imp t h a t  mig ra t e  t o  t h e  s u r f a c e  have been 

3.4 Nekton 

F i s h e s - A  r i c h  fauna. i n c l u d i n g  143 s p e c i e s .  h a s  been d e s c r i b e d  i n  
nea r shore  waters o f f  t h e  HE1 power p l a n t  (McCain and Peck 1973; Steams-Roger 
1973).  Common r e e f  f i s h  i n c l u d e  s u r g e o n f i s h e s  (Acanthurus spp.)  . wrasse. 
Thalassoma duperrey.  and damsel f i sh .  Chromis v a n d e r b i l t i ,  (Pa r sons  H a w a i i  
1981).  Add i t iona l  s p e c i e s  r e p o r t e d  o f f  Kahe P o i n t  i n c l u d e  h e r b i v o r e s  (such 
as a c a n t h u r i d s  and s c a r i d s )  . p l a n k t i v o r e s  (e. g. , pomacentr ids)  . and 
p i s c i v o r e s  (e.  g. . scombrids and l u t j a n i d s )  (Table  3 .5) .  

I n d i v i d u a l  f i s h  s p e c i e s  i n  t h e  n e a r s h o r e  area seem t o  be d i s t r i b u t e d  
accord ing  t o  water depth.  a l though  t h e  p a t t e r n  h a s  n o t  been thoroughly  
de f ined  (McCain and Peck 1973; Stearns-Roger 1973) .  For example. t h e  
s u r f a c e  zone ( < l o  m depth)  i s  c h a r a c t e r i z e d  by h i g h e r  t u r b i d i t y  levels,  
s t r o n g  wave surge.  and warmwater i n t r u s i o n  d u r i n g  p e r i o d s  of southwes t  
winds.  Dominant f i s h e s  i n  t h i s  zone  are s u r g e o n f i s h e s  (Acanthur idae) .  
moorish i d o l ,  Zanclus  co rna tus .  mu l l e t .  Neomyxus c h a p t a l i i .  and aholehole .  
Kuhl ia  s a n d v i c e n s i s .  F i s h e s  i n  t h e  subsurge  zone (dep ths  >10 m) are 
c h a r a c t e r i z e d  by h ighe r  s p e c i e s  d i v e r s i t y .  
surgeonf  i shes .  wrasses (Labr idae)  . and b l e n n i e s  (B lenn i idae )  . Thickly  
branched c o r a l  heads  are popula ted  by r e e f  f i s h .  i n c l u d i n g  moray eels 

Common near-bottom f i s h  i n c l u d e  

(Gymnothorax spp.) , s q u i r r e l f i s h e s  ( M y r i p r i s t i s  spp.)  . and j u v e n i l e  
damse l f i shes  (Pomacentridae) (Stearns-Roger 1973) .  Need le f i shes  (Belonidae)  
and h a l f b e a k s  (Exocoet idae)  occur  nea r  the s u r f  ace; jacks and ba r racudas  
(Sphyraena spp.)  range  throughout  t h e  water column i n  t h e  subsurge  zone 
(Stearns-Roger 1973) .  Midwater dep ths  o f t e n  c o n t a i n  common r e e f  s p e c i e s  

S tanding  c rop  estimates of f i s h  o f f  Kahe P o i n t  range  from 45 m-2 i n  
nea r shore  areas t o  196 g m-2 on t h e  deeper  r e e f s .  
biomass may exceed 600 g m-2 (McCain and Peck 1973) .  With t h e  excep t ion  of 
t h e  o u t f a l l  nekton,  Kahe Po in t  s t a n d i n g  s t o c k s  are similar t o  t h o s e  a t  
o t h e r  Hawaiian r e e f  areas (Brock 1954; Wass 1967) .  Few d a t a  on deep nekton 
popu la t ions  are a v a i l a b l e .  Winter  s torms  and subsequent  i n u n d a t i o n  of r ee f  
areas by suspended sand may r e s u l t  i n  s u b s t a n t i a l  shor t - te rm d e c l i n e s  i n  
r e e f  f i s h  popu la t ions  (Parsons  H a w a i i  1981) .  Because storm-wave e f f e c t s  
are l i m i t e d  t o  sha l low bottom areas. f i s h  p o p u l a t i o n s  l i v i n g  beyond t h e  
she l f -break  (ca.  90 m depth)  are l i t t l e  a f f e c t e d  by s torms.  Brock (1983b) 
h a s  d a t a  on nekton  i n  more d e t a i l .  

Near t h e  HE1 d i scha rge .  
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Table 3.5--Chm~On fishes in the nearshore zone o f f  Kahe Point 
(Stearns-Roger 1973). 

Surge zone Subsurge zone 
Family (<lo m depth) ( > l o  m depth) 

Muraenidae 
(moray eels) 

Gymnothorax Gymnothorax 

- G. petelli 
flavimarginatus flavimarginatus 

- G. petelli 

Congridae 
(conger eels) 

Conger marginatus Conger marginatus 

Fis tu1 ariidae 
(cornetfishes) 

Fistularia petimba 

Aulos tomidae 
(trumpetfishes) 

Aulostomus chinensis 

Holocentridae 
(squirrel f ishes) 

My r i p ri s t is Adioryx xantherythrus 

M. multiradiatus 
multiradiatus Myripristis berndti 

- 
Mugilidae 

(gray mullets) 
Neomyxus chaptalii 

Kuhl i idae 
( ahol ehol es 1 

Kuhlia sandvicensis 

Priancanthidae 
(aw eoweos ) 

Priacanthus cruentatus 

Apogonidae 
(cardinalfishes) 

Apogon snyderi 
- A. menesemus 

Carangidae 
(uluas, pompanos, 
and jacks) 

Caranx sp. Caranx sp. 
Decapterus pinnulatus 
Trachurops 
c rumenopht halmus 

Lutj anidae 
(snappers) 

Aprion virescens 

Mu1 1 ida e 
(goatfishes) 

Mu1 1 o id ic ht hy s 

Parupeneus porphyreus Parupeneus 

Mulloidichthy s 
samoens is auriflamma 

c hry sery dro s 
- P. multifasciatus 
P. bifasciatus 
- P. pleurostigma - 
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Table 3.5 (Continued) 

Family 
Surge zone 

( < l o  m depth) 
Subsurge zone 
( > l o  m depth) 

Sparidae 

Chaetodontidae Chaetodon miliaris 
(but t er f ly f is hes 

Cirrhitidae 
(hawkf ishes) 

Pomacentridae 
(damselfishes) 

Labridae (wrasses) 

Zanclidae 
(moorish idols) 

Acanthuridae 
(surgeonf ishes) 

Abudefduf sordidus 
- A. sordidus 
- A. imparipennis 
A. abdominalis 
Chromis ovalis 
- 

Thal as s oma umb ros t igma 
- T. duperrey 
Coris flavovitatta 
Stethojulis axillaris 
- S.  albovittata 

Zanclus cornutus 

Acanthurus triostegus 
- A. leucopareius 
- A. nigrofuscus 
- A. nigroris 
- A. achilles 
- A. dussumieri 
Naso unicornis 

Mono t axis Rrand ocul is 

Chaetodon miliaris 
- C. lunula 
- C. auriga 
- C. fremblii 
C. unimaculatus 
C. multicinctus 
- C. corallicola 
Heniochus acuminatus 
Centropyge potteri 
Forcipiger flavissimus 

- 
- 

Paracirrhites 
f orsteri 

- P. arcatus 

Plectroglyphidodon 
j ohnstonianus 

Dascyllus albisella 
Pomacentrus j enkinsi 
Chromis ovalis 

~~ ~ - C. verater 
- C. vanderbilti 
- C. leucurus 

Cheilinus rhodochrous 
Thalassoma ballieui 
Gomphosus varius 
Coris gaimardi 
C. venusta 
Stethoj ulis bal teata 
S. albovittata 

- 

- 

Acanthurus triostegus 
A. nigrofuscus 
- A. nigroris 
- A. olivaceus 
Ctenochaetus strigosus 
Zebrasoma flavescens 
Naso lituratus 

- 

t 
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Table  3.5 (Continued) 

Family 
Surge zone Subsurge zone  

(>lo m dep th )  ((10 m dep th )  

B lenn i idae  Runula g o s l i n e i  C i r r i p e c t u s  v a r i o l o s u s  
( b l e n n i e s )  Exall i a s b r e v i s  

Runula g o s l i n e i  

B a l i s t i d a e  
( t r i g g e r f i s h e s )  

Suf flamen b u r s a  
Mel ich thys  buniva  
- -  M. v i d u a  
Rhinecanthus . 

r e c t a n g u l a t u s  

Monacanthidae Amanses sandwich iens i s  

O s t r a c i o n t i d a e  O s t r a c i o n  l e n t i g i n o s u s  Pervagor  sp i losoma 
(boxf i s h e s )  

C a n t h i g a s t e r i d a e  C a n t h i g a s t e r  
(sharpbacked amboinensis  
p u f f e r s )  - C. j a c t a t o r  

3.5 Marine Mammals gxJ *tiles 

Marine mammals and r e p t i l e s  r e p o r t e d  i n  Hawaiian wa te r s  a r e  l i s t e d  i n  
Table  3.6. Seve ra l  s p e c i e s  of c e t a c e a n s ,  t u r t l e s ,  and t h e  monk s e a l ,  
-------- Monachus ------------- s c h a u i n s l a n d i ,  t h a t  have s t a t u s  a s  t h r e a t e n e d  o r  endangered 
s p e c i e s  a r e  i n d i c a t e d  i n  t h e  t a b l e ;  t h e  d i s t r i b u t i o n s  of these s p e c i e s  a r e  
d i scussed  i n  Sec t ion  3.6. T h e  nonendangered s p e c i e s  of ce t aceans  
t h a t  a r e  l i k e l y  t o  occur  i n  i n s u l a r  s h e l f  w a t e r s  o f f  Kahe Po in t  a r e  t h e  
P a c i f i c  b o t t l e n o s e  do lph in ,  l''rgigsg grgncgtug and p o s s i b l y  t h e  s p i n n e r  
do lph in ,  Stenella hsgirggi~ig. Bot t l enose  d o l p h i n s  a r e  common i n  sha l low 
water  near  a l l  of t h e  major i s l a n d s ,  p r i m a r i l y  ove r  t h e  edges of submarine 
banks o r  she lves  between t h e  20 and 60 m i s o b a t h s .  Spinner  and b o t t l e n o s e  
do lph ins  a r e  p r e s e n t  near  a l l  of t h e  i s l a n d s  and congrega te  i n  s m a l l  s choo l s  
o f f  t h e  leeward shore  of Oahu (Sha l l enbe rge r  1981) .  

3.6 Endangered Marine S p e c i e s  

A l i s t  of Hawaii ' s  t h r e a t e n e d  and endangered marine s p e c i e s  i s  
provided i n  Table  3.6. A r e c e n t  r e p o r t  by Sha l l enbe rge r  (1981) 
i n d i c a t e s  t h a t ,  w i t h  t h e  excep t ion  of t h e  humpback whale,  _Mfggtg_rg 
m~1gpgg1ilie, endangered ce t aceans  r a r e l y  a r e  s i g h t e d  i n  the  v i c i n i t y  of 
t h e  major Hawaiian I s l a n d s .  Humpback whales  e n t e r  Hawaiian w a t e r s  
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Table 3.6.--Species of marine m a m m a l s  and r e p t i l e s  r e p o r t e d  o f f  
H a w a i i  (Un ive r s i ty  of H a w a i i  1973; Payne 1981a;  S h a l l e n b e r g e r  
1981).  "S ta tus"  column i n d i c a t e s  i f  t h e  s p e c i e s  i s  t h r e a t e n e d  
(T) o r  endangered (E) p e r  50 CFR 17 (1983 e d i t i o n ) .  

Spec ie s  Common N a m e  S t a t u s  

Cetaceans 

Balaenop te ra  physa lus  
B. e d e n i  
Beresa a t t e n u a t a  
Globicephala  macrorhynchus 
Grampus g r i s e u s  
Kogia b r e v i c e p s  
Megaptera novaeangl iae  
Mesoplodon d e n s i r o s t r i s  
Orc inus  o r c a  
Peponocephala electra 
Physe te r  catodon 

- -  

Pseudorca c r a s s i d e n s  
S t e n e l l a  coe ru leoa lba  
S. a t t e n u a t a  
- S. l o n g i r o s t r i s  
Steno b redanens i s  
Tur s iops  g i l l i  
Z iph ius  c a r i r o s t r i s  

- 

Finback whale  
Bryde' s whale 
Pygmy k i l l e r  whale  
P i l o t  whale  
R i s so '  s whale 
Pygmy sperm whale  
Humpback whale  
Densebeaked whale  
K i l l  e r  whal e 
Me1 on-heade d wh a1 e 
Sperm whale  
F a l s e  k i l l e r  whale  
S t r i p e d  do lph in  
Spo t t ed  d o l p h i n  
Spinner  d o l p h i n  
Rough-toothed do lph in  
B o t t l e n o s e  d o l p h i n  
Goo s eb  eaked whale  

Cetaceans: Unconfirmed sightings 

Delphinus d e l p h i s  Common d o l p h i n  
Hyperoodon sp. B o t t l e n o s e  wha le  
Kogia simus Dwarf sperm whale  
Lagenorhyncus ob l iqu idens  P a c i f i c  wh i t e - s ided  

do lph in  

Cetaceans: 
Threatened and Endangered" (50 CFR 17) 

Accidental sightings and/or "Oceanic Pacific 

Balaenop te ra  a c u t o r o s t r a t a  Minke wh a1 e 
- B. b o r e a l i s *  S e i  whale  
Balaena g l a c i a l i s *  Right  whale  
Balaenoptera  musculus* Blue whale  

Reptiles 

Caretta caret ta  
Chelonia  mydas 
Dermochelys c o r i a c e a  

E 

E 

E 

E 
E 
E 

Loggerhead sea t u r t l e  T 
Green sea t u r t l e  E 
Lea therback  t u r t l e  E 
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Tab1 e 3.6 (Continued) 

S p e c i e s  Common N a m e  S t a t u s  

Eretmochelys imbricata H a w k s b i l l  sea t u r t l e  E 
Lepidochelys  o l i v a c e a  Olive r i d l e y  sea t u r t l e  T 

Pinnipeds 

Monachus s c h a u i n s l a n d i  Hawaiian monk seal E 

*Not cons ide red  p a r t  of t h e  expec ted  c e t a c e a n  f auna  i n  
Hawaiian waters. 

p r i m a r i l y  d u r i n g  w i n t e r  and a r e  u s u a l l y  s i g h t e d  n e a r  Maui, Molokai, Lanai ,  
and Kahoolawe. Peak p o p u l a t i o n s  of  200 t o  500 i n d i v i d u a l s  t y p i c a l l y  a r e  
p r e s e n t  d u r i n g  mid-February. Calv ing  and b r e e d i n g  may occur  i n  Hawaiian 
wa te r s ,  and l i m i t e d  numbers of c a l v e s  o c c a s i o n a l l y  may be p r e s e n t  o f f  Oahu 
(Sha l  l enbe rge r  1981 1. Although s i g h t i n g ,  s t r a n d i n g  , and a g g r e g a t i n g  a r e a s  
f o r  humpback whales have not  been r e p o r t e d  f o r  t h e  Waianae c o a s t ,  some 
s i g h t i n g s  have occurred  o f f  the west sho re  of Kaena Po in t  ( G i l m a r t i n  pe r s .  
commun. 1. 

Of t h e  f i v e  s p e c i e s  of marine t u r t l e s  t h a t  have been r e p o r t e d  o f f  
Hawaii, t h e  green  t u r t l e ,  Ghgl~gig gydgs, i s  t h e  most abundant. T u r t l e  
s i g h t i n g s  have been made on t h e  r e e f  d i r e c t l y  o f f  t h e  Kahe p o w e r p l a n t .  The 
green  t u r t l e  b reeds  n e a r l y  e x c l u s i v e l y  a t  French F r i g a t e  Shoa l s ,  a l though 
s c a t t e r e d  b reed ing  may occur  on o t h e r  Northwestern Hawaiian I s l a n d s  ( N W H I )  
and i n  t h e  main i s l a n d s  (e.g., a t  Kahuku on Oahu's no r th  s h o r e )  (Ba lazs  
1980).  During t h e  nonbreeding season ,  g reen  t u r t l e s  a r e  found a t  
e s t a b l i s h e d  f e e d i n g  and r e s t i n g  a r e a s  l o c a t e d  throughout  t h e  main and NWHI. 
The impor tan t  res ident  a r e a s  on Oahu are  d i s t a n t  from Kahe P o i n t ,  i n c l u d i n g  
Ka i lua  and Kaneohe Bays and no r thwes te rn  c o a s t a l  a r e a s  from Mokuleia t o  
Kawailoa Beach (F ig .  3.2).  D i s t r i b u t i o n s  a r e  more s c a t t e r e d  d u r i n g  
m i g r a t i o n  t o  b reed ing  grounds. Hawksbill  t u r t l e ,  Qe&ggc$glyg igbrica&a, 
and l e a t h e r b a c k  t u r t l e ,  Egrggg&lyg c_o&cga, may occur  i n  sma l l  numbers 
a long  t h e  Waianae c o a s t ;  t h e  o l i v e  r i d l e y  t u r t l e ,  LgEidochelyg pliygcgg, and 
loggerhead t u r t l e ,  c a ~ g t t a  yarge&a, have been r eco rded  a s  i n c i d e n t a l s  (Payne 
1981a, 1981b). 

T h e  monk s e a l  i s  endemic t o  Hawaii, bu t  b r e e d i n g  i s  r e s t r i c t e d  t o  t h e  
NWHI from Nihoa I s l a n d  t o  K u r e  A t o l l .  Monk s e a l s  are o c c a s i o n a l l y  seen i n  
t h e  main i s l a n d s ;  du r ing  t h e  summer of 1984, s e v e r a l  s i g h t i n g s  of a s i n g l e  
s e a l  on t h e  beach were made from Kaena P o i n t  t o  Kahuku ( G i l m a r t i n  pe r s .  
commun.). The  monk s e a l  popu la t ion  c u r r e n t l y  exceeds  1,000 i n d i v i d u a l s .  
There i s  no r eco rd  of monk s e a l  s i g h t i n g s  off Kahe P o i n t .  
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Figure  3.2.--Some impor tan t  r e s t i n g  and f e e d i n g  areas f o r  
t h e  Hawaiian green  t u r t l e ,  Chelonia mydas (adapted from 
Sinay-Friedman 1 9 7 9 ) .  

3.7 Benthos 

a 

Corals--Living and dead c o r a l s  s c a t t e r e d  th roughou t  t h e  n e a r s h o r e  a r e a  
o f f  Kahe P o i n t  suppor t  d i v e r s e  communities of b e n t h i c  organisms (F ig .  
3.3). Hermatypic c o r a l s  are not  t h e  dominant b e n t h i c  organisms i n  
terms of e i the r  p r o d u c t i v i t y  o r  biomass; however, as a h a b i t a t ,  c o r a l s  
i n f l u e n c e  t h e  composition, s p a t i a l  d i s t r i b u t i o n ,  and s t r u c t u r e  of t h e  
a s s o c i a t e d  communities (Stearns-Roger 1973).  Cora l  coverage  on t h e  r e e f s  
o f f  Kahe Po in t  has dec reased  s t e a d i l y  s i n c e  1973, due t o  a number of 
n a t u r a l  causes  (i.e.,  storm-induced t u r b u l e n c e  and sediment i n u n d a t i o n )  and 
manmade causes  ( i . e . ,  o u t f a l l  c o n s t r u c t i o n  and sediment d i s c h a r g e ) .  Storm 
waves i n  t h e  J anua ry  1980, s o u t h e r l y  storm caused major damage t o  t h e  r e e f .  
T h i s  s torm damage was t h e  most s i g n i f i c a n t  cause  of i n s h o r e  c o r a l  d e c l i n e  
s i n c e  mon i to r ing  of t h e  Kahe r e e f  began i n  1973 (Co les  e t  a l .  1982).  
Offshore  c o r a l  communities were s i g n i f i c a n t l y  d i s r u p t e d  by Hur r i cane  Iwa i n  
1982 (Coles  and Fukuda 1983, 1984).  

Cora l  s p e c i e s  r e p o r t e d  on t h e  Kahe r e e f  a r e  l i s t e d  i n  Table  3.7. 
------- P o r i t e s  ------ l o b a t a  i s  t h e  most abundant s p e c i e s  on t h e  r e e f  i n  terms of 
coverage ;  E'ec'lle~g~g ggagigiga i s  a l s o  u b i q u i t o u s ,  bu t  w i t h  r e l a t i v e l y  
s m a l l e r  coverage ;  Ppgjtgs cpgpggsga i s  codominant w i t h  E .  &bggg a t  a depth  
of 7.5 m immediately seaward of t h e  HE1 i n t a k e  b a s i n ;  and _Mgg&i~ggg 
ygggggggg and ,M. ~ a t g l a  a r e  a l s o  l o c a l l y  abundant a t  a depth  of 2 m (Coles 
and Fukuda 1975; Coles 1979) .  A t  dep ths  of 15-20 m i n  a r e a s  sou th  of H E I ,  
pe rcen t  bottom coverage i s  r e l a t i v e l y  low, and E .  &&gta i s  t h e  o n l y  
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Figure 3.3.--General bottom c o n f i g u r a t i o n  n e a r s h o r e  a t  t h e  Kahe 
Generating S ta t io f i s  showing d i s t r i b u t i o n  of c o r a l  and sand ( a f t e r  
Coles e t  a l .  1982).  MLLW = mean lower l o w  water. 

I 
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Table  3.7.--Coral s p e c i e s  c o l l e c t e d  from the r e e f s  
o f f  Kahe P o i n t  (Coles  and Fukuda 1975).  

S p e c i e s  

Cosc ina raea  o s t r e a e f o r m i s  
Cyphas t rea  o c e l l i n a  
L e p t a s t r e a  purpurea  
L e p t o s e r i s  i n c r u s t a n s  
Montipora d i l a t a t a  
Montipora f l a b e l l a t a  
Montipora p a t u l a  
Montipora v e r r i l l i  
Montipora v e r r u c o s a  

Pavona v a r i a n s  
P o c i l l o p o r a  meandrina 
P o c i l l o p o r a  eydouxi 
P o r i t e s  b r ighami  
P o r i t e s  compressa 
P o r i t e s  l o b a t a  
P o r i  t es evermanni 
Psammocora (S tephana r i a )  
Psammocora v e r r i l i  

Pavona due rden i  

s p e c i e s  p r e s e n t  (Pa r sons  Hawaii 1981).  
w e l l  documented. Coral beds occur  down t o  a t  l e a s t  25 m i n  a r e a s  south  of 
t h e  H E 1  d i scha rge .  F i e l d  o b s e r v a t i o n s  (e.g., McCain and Peck 1973; Coles 
1982 and o t h e r s )  i n d i c a t e  t h a t  t h e  s h e l f  f u r t h e r  t h a n  350 m southwes t  of 
t h e  d i s c h a r g e  i s  a sand p l a i n  devoid  of l i v i n g  c o r a l .  

Cora l  coverage  below 20 m i s  not 

T h e r e  a r e  no known beds of  deepwater p r e c i o u s  c o r a l  o f f  Kahe P o i n t ,  
bu t  one of Hawai i ' s  s i x  known beds of deepwater p r e c i o u s  c o r a l  i s  l o c a t e d  
o f f  Kaena P o i n t ,  about 27 km nor thwes t  of Kahe P o i n t  (DLNR 1979).  Pink, 
go ld ,  and bamboo c o r a l s  have suppor t ed  an annual  h a r v e s t  of 104 kg a t  Kaena 
Po in t  . 

Aka*-Attached a l g a e  a s s o c i a t e d  w i t h  r e e f s  a t  Kahe Po in t  a r e  d i v e r s e ;  
however, f o l i o s e  a l g a l  abundance i n  terms of p e r c e n t  bottom coverage  i s  
apprec i ab ly  lower than  t h a t  of c o r a l s  (Pa r sons  Hawaii 1981).  In  g e n e r a l  
t h e  d i s t r i b u t i o n  and abundance of a l g a l  s p e c i e s  are  in f luenced  by a v a i l a b l e  
subs t ra tum,  t u r b u l e n c e ,  d e p t h ,  and, i n  t h e  immediate v i c i n i t y  of t h e  H E 1  
o u t f a l l ,  by thermal  d i s c h a r g e  (Coles  and Fukuda 1975; Coles 1979).  Highest 
a l g a l  cove r  occur s  i n  the  immediate nea r shore  a r e a s  w h e r e  c o r a l  growth i s  
i n h i b i t e d  by s t r o n g  wa te r  t u r b u l e n c e  (Parsons  Hawaii 1981). I n  c o n t r a s t ,  
l i g h t  a t t e n u a t i o n  may modify a l g a l  d i s t r i b u t i o n  i n  deepe r  s e c t i o n s  of t h e  
r e e f  (Coles  and Fukuda 1975) .  

Common a l g a l  s p e c i e s  from r e e f s  o f f  Kahe P o i n t  a r e  l i s t e d  i n  Table  
3.8. Of 117 s p e c i e s  i d e n t i f i e d  i n  a 1980 s t u d y ,  r e d  a l g a e  (Rhodophyta) 
comprised 52%, green  a l g a e  (Chlorophyta)  23%, brown a l g a e  (Phaeophyta) 9%, 
blue-green a l g a e  (Cyanophyta) 13%, and Chrysophyta 3% of t h e  t o t a l  (Coles  
e t  a l .  1982) .  -- c a E i l l a c e a  ----,,,¶ ---------- G e l i d i e l l a  sp . ,  and Arn,aggdg gl_ogehag,a. In  a d d i t i o n ,  c o r a l l i n e  
a l g a e  may be impor tan t  e p i b i o t i c  ( f o u l i n g )  organisms on hard s u b s t r a t a .  

Dominant macro a l g a e  i n c l u d e  Lithnthagging spp., J_agig 
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Table  3.8--Common s p e c i e s  of a l g a e  o c c u r r i n g  a t  Kahe 
Point (Coles  e t  al. 1982). 

Species  Frequency (%) 

Cy anophy t a 
Hormothamnion sp. 
Lyngbya sp.  1 
O s c i l l a t o r i a  l u t e a  
Sympl o ca hy dnoid e s 

Chlorophyta  
Dic tyosphae r i a  cavernosa  
D. v e r s l u y s i i  
Neomeris a n n u l a t a  
- 

Phaeophy t a  
D i c t y o t a  f r i a b i l i s  
Sphace la r i a  t r i b u l o i d e s  
R a l f s i a  pangoensis  

Rhodophyta 
Amansia g lomera ta  
G e l i d i e l l a  sp. 
J a n i a  c a p i l l a c e a  
Lithothamnion sp .  1 
Lithothamnion sp. 2 
Pey s s o n e l  i a  r u b r a  

81 
7 8  
84 
84 

84 
92 
92 

84 
86 
7 8  

78 
97 

100 
100 
89 
92 

During a 1-yr s tudy pe r iod ,  c o r a l l i n e  a l g a e  c o n s t i t u t e d  t h e  g r e a t e s t  
p o r t i o n  of  e p i b i o t i c  biomass on dead c o r a l  b locks  (Coles  e t  a l .  1982) .  
C o r a l l i n e  a l g a e ,  a s  well a s  o t h e r  rhodophytes and cganophytes ,  may a t t a c h  
t o  exposed p i p e l i n e s  i n  t h e  v i c i n i t y  of t h e  H E 1  g e n e r a t i n g  p l a n t .  

Invertebrates--Information on t h e  composi t ion and abundance of 
i n v e r t e b r a t e  fauna i s  meager. During impingement s t u d i e s  a t  H E 1  
power p l a n t ,  the c r u s t a c e a n s ,  Chfirybdig hsyfiiinsmin, B r a c h y c p r p p  
Pigs&gicgl&gs, SryllgriPgn pqpgmmppqs, and Squilla grntorig were t h e  major 
i n v e r t e b r a t e  s p e c i e s  c o l l e c t e d .  However, t h e  r e l a t i v e  abundance found i n  
t h e s e  s t u d i e s  does not  n e c e s s a r i l y  r e f l e c t  a c t u a l  popu la t ion  l e v e l s  (Coles 
e t  a l .  1982).  

EDifauna--A s t u d y  of ep i f auna  and c ryp to fauna  ( e n c r u s t i n g  and c r e v i c e -  
dwel l ing  o r  bor ing  organisms)  c o l o n i z i n g  c o r a l  b l o c k s  a t  t h r e e  H E 1  
moni tor ing  s t a t i o n s  over  a 1-yr p e r i o d ,  i d e n t i f i e d  a t o t a l  of 30 
po lychae te ,  16 c r u s t a c e a n ,  and 4 s i p u n c u l i d  s p e c i e s  (Coles  e t  a l .  1982).  
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The po lychae te s  Pseudopolydora and Capi te l la  comprised 38% of t h e  t o t a l  
number of organisms,  whereas s i p u n u c u l i d s  accounted  f o r  t h e  g r e a t e s t  
p r o p o r t i o n  of  t h e  t o t a l  biomass. I n  gene ra l ,  however, t h e  biomass of t h e  
c ryptof  auna w a s  r e l a t i v e l y  l o w  dur ing  t h e  exper iment .  

Typ ica l  e p i f a u n a l  organisms a s s o c i a t e d  w i t h  t h e  Kahe r e e f  h a b i t a t  are 
l i s t e d  i n  Table  3 .9;  u r c h i n s  (Echinometra ma thae i ) ,  s e r p u l i d  worms, 
x a n t h i d  crabs, and sponges may be  r e l a t i v e l y  abundant  (Stearns-Roger 1973). 
However, no q u a n t i t a t i v e  d a t a  are a v a i l a b l e  t o  assess t h e  abundance of 
i n d i v i d u a l  s p e c i e s .  Seve ra l  s p e c i e s  of i n v e r t e b r a t e s ,  i n c l u d i n g  t h e  
mol luscs  Vermetus and Ostrea hanleyana  and t h e  u rochorda te  B o t r y l l o i d e s  
a t t a c h e d  t o  exper imenta l  c o r a l  b l o c k s  du r ing  a l - y r  s tudy  o f f  Kahe Po in t  
(Coles e t  a l .  1982) .  
ha rd  s u b s t r a t a  i n  t h e  n e a r s h o r e  area, such  as o u t f a l l s  and p i p e l i n e s .  

These s p e c i e s  presumably would a l s o  a t t a c h  t o  o t h e r  

Infauna--Subtidal sed iments  a d j a c e n t  t o  r e e f  ou tc rops  c o n s i s t  of 
coarse- t o  f ine -g ra ined  sand and are  r e l a t i v e l y  depaupera te  of  macrofauna. 
Stearns-Roger (1973 1 l i s t e d  50 i n v e r t e b r a t e  s p e c i e s  a s s o c i a t e d  w i t h  t h e  
sandy s u b s t r a t a  o f f  t h e  HE1 power p l a n t .  The m a j o r i t y  of s p e c i e s  were 
r e p r e s e n t e d  by s m a l l  numbers of dead i n d i v i d u a l s .  The URS (1973) a l s o  
r e p o r t e d  a law d i v e r s i t y  of macro-infauna ( f auna  >1.5 mm) i n  sandy areas 
o f f s h o r e  of t h e  HE1 f a c i l i t y :  t h e  fauna  inc luded  on ly  a few each of 
burrowing clams, c rus t aceans ,  small-bodied po lychae te s ,  and echinoderms. 
I n  t h e  immediate v i c i n i t y  of t h e  d i s c h a r g e  and i n t a k e  s t r u c t u r e  (HE1 
power p l a n t ) ,  Burch and Burch (1977) c o l l e c t e d  209 i n d i v i d u a l s  r e p r e s e n t i n g  
37 s p e c i e s  from 13 s t a t i o n s .  A s  w i t h  p rev ious  s t u d i e s ,  they  found a low- 
d i v e r s i t y  community i n  which po lychae te s  and small b i v a l v e s  ( < l o  mm) were 
t h e  common s p e c i e s .  Organisms were more abundant i n  f i n e r  sed iments  away 
from t h e  d i s c h a r g e  area t h a n  i n  t h e  c o a r s e  sands  a d j a c e n t  t o  t h e  d i scha rge  
s t r u c t u r e .  Surveys f o r  microfauna (<1.5 mm) i n  t h e  Kahe Poin t  area show 
t h a t  f o r a m i n i f e r s  are t h e  major component of t h e  microfauna (Stearns-Roger 
1973; URS 1973) .  D i s t r i b u t i o n  of t h e  i n f a u n a  i n d i c a t e s  t h e  e x i s t e n c e  of a 
shal low,  nea r shore  community and a deeper  o f f s h o r e  community: t h i s  
d e l i m i t a t i o n  may be due t o  t h e  e f f e c t s  of d i f f e r e n c e s  i n  c u r r e n t  v e l o c i t y  
and l o c a l  anox ic  bottom c o n d i t i o n s  (URS 1973).  

Deeper o f f s h o r e  areas i n  l ee  i s l a n d  zones s imilar  t o  t h e  Kahe Poin t  
area may c o n t a i n  two b io topes :  sand-covered terraces and rocky ou tc rops  
(Stearns-Roger 1973).  
beds  of h a t c h e t  clams (Pinna mur i ca t a )  or o c c a s i o n a l  h e a r t  u r c h i n s  ( B r i s s u s  
l a t e c a r i n a t u s )  and tube-dwell ing po lychae te s  (Stearns-Roger 1973; EPA 
1980). The s t a r f i s h ,  L incke ia  m u l t i f o r a ,  as w e l l  as commercially impor tan t  
l o b s t e r  ( P a n u l i r u s  sp . )  and oc topus  (Octopus cyanea) may be p r e s e n t  nea r  
rocky o u t c r o p s  i n  moderate abundance (Parsons  H a w a i i  1981).  

T e r r a c e s  are  t y p i c a l l y  b a r r e n  excep t  f o r  s c a t t e r e d  

Unique Marine B i o l o p i c a l  F e a t u r e s - P r e v i o u s  d e s c r i p t i o n s  of t h e  
a f f e c t e d  marine environment nea r  Kahe Po in t  have noted  t h e  occur rence  of 
p r i s t i n e  c o r a l  communities e x h i b i t i n g  r e l a t i v e l y  h igh  d i v e r s i t y  and 
coverage i n  t h e  area a d j a c e n t  t o  t h e  proposed p l a n t  (e.g. B-K Dynamics, 
Inc.  1971; McCain and Peck 1973; Bienfang and Brock 1980). Enhanced 
community development and l a c k  of s i g n i f i c a n t  p e r t u r b a t i o n  l e d  t o  t h e  
proposa l  t h a t  t h e  area t o  t h e  s o u t h  of Kahe Po in t  be d e c l a r e d  a marine 
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Table  3.9.--Typical e p i f a u n a l  s p e c i e s  of r e e f  communities o f f  Kahe P o i n t  
( a f t e r  URS 1972) .  For a complete l i s t  see URS (1972).  

Cora ls  
P o c i l l o p o r a  meandrina var. n o b i l i s  
P o r i t e s  l o b a t a  
P. compressa 

Ecknoderms 
Echinometra mathae i  
E u c i d a r i s  m e t u l a r i s  
L i n c k i a  m u l t i f o r a  
Ophiocoma e r i n a c e u s  
O p h i a c t i s  s a v i g n y i  
Macrophiothr ix  demessa 
Ho lo thu r i a  a r e n i c o l a  

Te reb ra  a r e o l a t a  
Cypraea f imbriata 
C o r a l l i o p h i l a  n e r i t o i d e s  

Mollusks 

Foraminif era 
Po lyc lads  
Brachiopods 
S e r p u l  i d s 

J a n u s  (Dexiospa) n ippon ica  
Salmacina sp. 

As c i  d i a n  s 
Sponges 
Bryozoa 

Rhamphostomella a r g e n t e a  
P a r a s m i t t i n a  s e r r u l a  (ms. name) 
- P. a l a n b a n n e r i a  (ms. name) 
Waters ipora  edmundsoni 
Hippopore l la  c a l y c i f o r m i s  
Beania  m i r a b i l i s  
C a l l e t o s i a  r a d i a t e  

Sipuncul  i d  
Crus tacea  
Algae 

Amansia g lomera ta  
Antithamnion sp. 
Cent roceros  sp. 
C e r a m i u m  sp. 
Chondria sp. 
D ic tyosphae r i a  cavernosa  

T o t a l  s p e c i e s :  1 4  

T o t a l  s p e c i e s :  21 

T o t a l  s p e c i e s :  70 

1 T o t a l  s p e c i e s  : 
1 T o t a l  s p e c i e s  : 
1 T o t a l  s p e c i e s  : 

T o t a l  s p e c i e s :  1 0  

T o t a l  s p e c i e s :  30 
T o t a l  s p e c i e s :  16 
T o t a l  s p e c i e s :  43 

T o t a l  s p e c i e s  : 1 
T o t a l  s p e c i e s :  70 
T o t a l  s p e c i e s :  108  
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conse rva t ion  d i s t r i c t  ( K i m m e r e r  and Durbin 1975). However, two severe 
s torms ( t h e  s torm of January  1980 and Hurr icane  Iwa i n  November 1982) 
caused e x t e n s i v e  damage t o  c o a s t a l  communities a long  t h e  s o u t h  and west 
sho res  of  a l l  t h e  Hawaiian i s l a n d s  (Coles  and Fukuda 1983, 1984).  The 
n a t u r a l  d e c r e a s e  i n  c o r a l  cove r  i n  t h e  v i c i n i t y  of  t h e  proposed OTEC p l a n t  
has been c i t e d  a s  a m i t i g a t i n g  c i rcumstance  o f f s e t t i n g  p o t e n t i a l  d i s t u r b -  
ances  a t t e n d a n t  upon p l a n t  c o n s t r u c t i o n  and o p e r a t i o n  (OTC 1984b). 

Natu ra l  f l u c t u a t i o n s  i n  c o r a l  r e e f  community s t r u c t u r e  and e x t e n t  a re  
most f r e q u e n t l y  a t t r i b u t e d  t o  e f f e c t s  of p h y s i c a l  f o r c e s  de r ived  from 
p e r i o d i c  weather d i s t u r b a n c e s  (e.g., Shinn 1972; Stodda r t  1974; Woodley e t  
a l .  1981; D o l l a r  1982; K j e r f v e  and Dinnel  1983).  The r e e f ' s  c a p a c i t y  t o  
r ecove r  from d e s t r u c t i v e  e v e n t s  r e p r e s e n t s  a n a t u r a l  a d a p t a t i o n  t o  s h o r t -  
term envi ronmenta l  v a r i a b i l i t y .  Thus, p e r i o d i c  d i s r u p t i o n  of  r e e f  
communities due  t o  s torm waves i s  expec ted  and n e c e s s a r y  f o r  t h e  
development of s t a b l e ,  d i v e r s e  c o r a l  r e e f  f a u n a l  assemblages (Connel l  
1978).  However, t h e  r e e f ' s  recovery  p o t e n t i a l  depends u l t i m a t e l y  upon t h e  
r e e s t a b l i s h m e n t  of t h e  same p r i s t i n e  wa te r  q u a l i t y  c o n d i t i o n s  t h a t  
p r e v a i l e d  b e f o r e  t h e  d i s r u p t i v e  even t .  I n  t h e  absence  of human i n f l u e n c e ,  
f r i n g i n g  r e e f s  go through a n a t u r a l  c y c l e  of enhancement and d e g r a d a t i o n  i n  
response  t o  s p e c i f i c ,  r e c u r r e n t  n a t u r a l  p e r t u r b a t i o n s  (Smith and Harr i son  
1977).  
may resu l t  i n  a more r a p i d  d e g r a d a t i o n  i n  r e sponse  t o  n a t u r a l  envi ronmenta l  
s t ress ,  o r ,  conve r se ly ,  a d iminished  o r  r e t a r d e d  r e t u r n  t o  an enhanced 
s t a t e .  Thus, t he  argument t h a t  r e e f s  damaged by n a t u r a l  e v e n t s  i m p l i c i t l y  
p rov ide  a c c e p t a b l e  s i t e s  f o r  OTEC development i s  s p e c i o u s  and i n v a l i d .  

Supe r impos i t i on  of a secondary p e r t u r b a t i o n  o n  t h e  n a t u r a l  c y c l e  

S i g n i f i c a n t  wave h e i g h t s  comparable t o  t h o s e  h i n d c a s t  a t  Kahe Poin t  
fo l lowing  Hurr icane  Iwa have been c l a s s i f i e d  as  a 100-yr event  
( B r e t s c h n e i d e r  1984).  S i m i l a r l y ,  t h e  s torm of January  1980, r e p r e s e n t e d  a 
33-yr event .  
r e c o l o n i z a t i o n  time on l a v a  f lows  i n  leeward Hawaiian waters t o  b e  on t h e  
o r d e r  of 50 yr .  Recovery f o l l o w i n g  s torm damage w i l l  b e  more r a p i d ,  s i n c e  
l i v i n g  remnants o f  former communities w i l l  mature  f a s t e r  t han  r e e f s  
e s t a b l i s h e d  on s t e r i l e  s u b s t r a t a  by p l a n u l a r  r e c r u i t m e n t  a lone  ( D o l l a r  
1982).  Thus, i n  t h e  absence  of  human i n f l u e n c e ,  reef communities n e a r  Kahe 
Po in t  may b e  expec ted  t o  r e t u r n  t o  t h e  enhanced s t a t u s  observed b e f o r e  1980 
over  an i n t e r v a l  of from 20 t o  30 y r .  

Grigg and Maragos (1974) e s t i m a t e d  c o r a l  community 

Phys ica l  d i s t u r b a n c e  due t o  waves i s  t h e  most s i g n i f i c a n t  f a c t o r  
de t e rmin ing  t h e  s t r u c t u r e  of Hawaiian c o r a l  communities ( D o l l a r  1982) .  
Changes due  t o  breakage,  s cour ing ,  o r  b u r i a l  of c o r a l s  by storm s u r f  a r e  
man i fe s t ed  by s h i f t s  i n  t h e  amount of hard  subs t r a tum and l o s s  of c o r a l  
coverage. Mot i le  s p e c i e s  l e a v e  t h e  a f f e c t e d  area because of t h e  l o s s  of  
a p p r o p r i a t e  h a b i t a t .  These  a l t e r n a t i o n s  (i.e.,  h a b i t a t  s i m p l i f i c a t i o n :  
fewer  s p e c i e s  and g r e a t e r  dominance by fewer s p e c i e s )  may be  appa ren t  ove r  
a s h o r t  e c o l o g i c a l  t i m e  frame. 

None of t h e  envi ronmenta l  s t u d i e s  ( c i t e d  p r e v i o u s l y )  conducted i n  
these sha l low h a b i t a t s  i d e n t i f i e d  any b i o l o g i c a l  components un ique  t o  Kahe  
Po in t .  Shal low marine communities s imi l a r  t o  t h o s e  a t  Kahe Po in t  have been 
i d e n t i f i e d  t o  t h e  south  (Environmental  C o n s u l t a n t s  1975; Khmerer and 
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Durbin 1975; Bienfang and Brock 1980) and probably  c o n t i n u e  northward up 
t h e  c o a s t  . 

Deeper wa te r  su rveys  (between 30 and 365 m) i n  t h e  a r e a  seaward of 
Kahe P o i n t  have n o t  p inpo in ted  any unique b e n t h i c  b i o l o g i c a l  f e a t u r e s .  
S t r a s b u r g  e t  a l .  (1968) and o t h e r s  no ted  beds of r e d  c o r a l  (Sgyllzg_ei sp.)  
and pink o r  p r e c i o u s  c o r a l  (sgyghiig~ sp . )  between 137 and 183 m i n  the 
Barbers Point-Kahe Point a r e a .  Brock and Chamberlain (1968) d i d  n o t  r eco rd  
e i ther  of these s p e c i e s  n o r t h  of Kahe Po in t .  Grigg and Bayer (1976) found 

major g e o l o g i c a l  s t r u c t u r e  around which c u r r e n t  m u s t  pas s ,  Kahe P o i n t  
probably does no t  harbor  s i g n i f i c a n t  beds of sorgllihg sp. 
e x p l o i t a t i o n  of sgrgmligm, sp. has t aken  p l a c e  i n  t h e  Kahe P o i n t  a r ea .  

. t h a t  Gormliq u s u a l l y  o c c u r s  between 350 and 475 m. S ince  it  i s  n o t  a 

No commercial 

4.0 EAVIROIHElPTBL CONSEQUENCES OF PLANT COISTRUCTION OH WATER QUALITY 

F a c t o r s  t h a t  may a f f e c t  the  ocean ic  environment d u e  t o  p i l o t  p l a n t  
deployment and o p e r a t i o n  can be r e l a t e d  t o  s p e c i f i c  p l a n t  a c t i v i t i e s .  
These a c t i v i t i e s  and t h e i r  a s s o c i a t e d  envi ronmenta l  e f f e c t s  i n c l u d e :  

p i p e  emplacement 

LBCS p resence  

P l a n t  c o n s t r u c t i o n :  B u r i a l ,  s i l t a t i o n ,  and removal of 
LBCS, a c c e s s  p i e r ,  fauna;  a e s t h e t i c  and a i r  q u a l i t y  
i n t a k e  and d i s c h a r g e  impacts ;  release of p o l l u t a n t s  and 

n u t r i e n t s  from dredged m a t e r i a l s ;  
t u r b i d i t y  ; 

Bio ta  a t t r a c t i o n ;  a e s t h e t i c s ;  wave 
d i f f r a c t i o n ;  sediment t r a n s p o r t ;  

Warm and cold-wa-er Organism impingement and en t ra inmen-  ; 
withdrawal ocean ic  p r o p e r t i e s  r e d i s t r i b u t i o n ;  

sand l o s s ;  

Water d i s c h a r g e  

" 

Oceanic p r o p e r t i e s  and b i o t a  
r e d i s t r i b u t i o n ;  bottom s c o u r ;  
b i o c i d e ,  working f l u i d ,  and t r a c e  
c o n s t i t u e n t  r e l e a s e ;  secondary 
en t r a inmen t ;  r e s o u r c e  deg rada t ion .  

Indigenous marine organisms o f f  Kahe P o i n t  a r e  adapted  t o  a r e l a t i v e l y  
s t a b l e ,  p r i s t i n e  h a b i t a t .  Slobodkin and Sanders (1969) hypothes ized  t h a t  
organisms adapted t o  s t a b l e ,  p r e d i c t a b l e  environments would be  more 
" f r a g i l e "  o r  v u l n e r a b l e  t o  envi ronmenta l  stress t h a n  organisms adapted  t o  
u n s t a b l e ,  u n p r e d i c t a b l e  environments.  T h i s  e f f e c t  has been demonst ra ted  
f o r  lower food-chain members of an o c e a n i c  community ( F i s h e r  e t  a l .  1973; 
F i s h e r  1977) and f o r  t r o p i c a l  communities ( P a i n e  1969). T h u s  c o n s t r u c t i o n  
and o p e r a t i o n a l  a c t i v i t i e s  a s s o c i a t e d  w i t h  an OTEC p l a n t  i n  such an 
environment have more p o t e n t i a l  f o r  measurable  impacts  t h a n  a c t i v i t i e s  i n  
more v a r i a b l e  o r  a l r e a d y  a f f e c t e d  a r e a s .  
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For t h e  purposes  of t h e  f o l l o w i n g  d i s c u s s i o n  of  p o t e n t i a l  impacts ,  t h e  
b i o l o g i c a l  community i s  d i v i d e d  i n t o  t h e  f o l l o w i n g  c a t e g o r i e s :  

Phytoplankton 
Zooplankton (microzooplankton and macrozooplankton, i n c l u d i n g  

Ich thyoplankton  ( f i s h  eggs and l a r v a e )  
Micronekton (mesopelag ic  f i s h e s ,  cephalopods ,  c r u s t a c e a n s ,  and 

Nekton 
Benth ic  and c o r a l  communities 
Endangered s p e c i e s  

meroplankton) 

g e l a t i n o u s  organisms)  

T h e  major envi ronmenta l  i s s u e s  a f f e c t i n g  each  b i o l o g i c a l  ca t egory  a r e  
d e s c r i b e d  i n  F igu re  4.1 and summarized w i t h  r e s p e c t  t o  e f f e c t  on each 
b i o l o g i c a l  ca t egory  i n  Table  4.1.  
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Figure 4.1.--Potential environmental effects of an OTEC pilot plant at 
Kahe Point, Oahu (after DOE 1981). 
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The approach t o  mar ine  impact assessment  i n  t h i s  r e p o r t  resembles  t h a t  
used i n  t h e  supplement t o  t h e  D E I A  f o r  OTEC-1 (Sinay-Friedman 1979) .  The 
Kahe Po in t  OTEC p l a n t  w i l l  c ause  a l o c a l  a l t e r a t i o n  o f  t h e  p r e s e n t  c o a s t a l  
environment a t  Kahe P o i n t ,  which d i r e c t l y  and i n d i r e c t l y  w i l l  p e r t u r b  t h e  
n a t u r a l  popu la t ion  o f  marine organisms found there.  A l t e r a t i o n s  w i l l  occur  
du r ing  c o n s t r u c t i o n  and o p e r a t i o n .  Th i s  r e p o r t  must f i r s t  i d e n t i f y  
a l t e r a t i o n s ,  t hen  de termine  t h e  magnitude of  t h e  p e r t u r b a t i o n  t o  t h e  
popu la t ion  dynamics of t h e  s p e c i e s  of t h e  community, and f i n a l l y  de te rmine  
w h e t h e r  t h e  p e r t u r b a t i o n  i s  of s u f f i c i e n t  magni tude t o  t h r e a t e n  t h e  
s u r v i v a l  of t h e  popu la t ion .  The c r i t e r i a  f o r  impact  assessment  are  whether  
t h e  r e p r o d u c t i v e  success  of t h e  p o p u l a t i o n  o r  t h e  p o p u l a t i o n  s i z e  i s  
d iminished  s i g n i f i c a n t l y .  

4.1 Barbers Point D e e D  Draft Harbor 

Major components of t h e  40 Me OTEC p l a n t  (LBCS, CWP, MEP) w i l l  be  
f a b r i c a t e d  and assembled a t  a c o n s t r u c t i o n  s i t e  a t  Barbers  P o i n t  Deep 
D r a f t  Harbor (OTC 1984a).  Cons t ruc t ion - re l a t ed  contaminants  may a f f e c t  t h e  
harbor  water q u a l i t y .  T h i s  s e c t i o n  i d e n t i f i e s  p o t e n t i a l  p e r t u r b a t i o n s  t o  
harbor  environments  and c a t e g o r i z e s  v a r i o u s  s t a g e s  of  c o n s t r u c t i o n  a c t i v i t y  
i n  terms of s e v e r i t y  and p e r s i s t e n c e  of impact. 

S p e c i f i c  s t a g i n g  areas f o r  component c o n s t r u c t i o n  have been p r e v i o u s l y  
desc r ibed  (F ig .  4.2). Support  r equ i r emen t s  f o r  h e a v y - l i f t  machinery 
( c rawle r  c r a n e s ,  e t c . )  w i l l  r e q u i r e  e x t e n s i v e  founda t ion  and paving  
i n s t a l l a t i o n  w i t h i n  t h e  c o n s t r u c t i o n  area. A n t i c i p a t e d  impacts  a s s o c i a t e d  
w i t h  s h o r e s i d e  f a c i l i t y  c o n s t r u c t i o n  inc lude :  

1) Noise from c o n s t r u c t i o n  equipment;  

2) F u g i t i v e  d u s t  around t h e  c o n s t r u c t i o n  area on d r y  days ;  

3 )  Runoff d u r i n g  r a i n y  weather c o n t r i b u t i n g  t o  an i n c r e a s e  i n  harbor  
t u r b i d i t y  ; 

4) Inc reased  v e h i c u l a r  t r a f f i c  due t o  c o n s t r u c t i o n  a c t i v i t i e s .  

Except f o r  item 31 ,  these impacts  are expec ted  t o  be  of  l i m i t e d  d u r a t i o n .  
In  a d d i t i o n ,  t h e  s e v e r i t y  of t h e  s h o r e s i d e  s t a g i n g  area p r e p a r a t i o n  impacts  
w i l l  be  s u b s t a n t i a l l y  l e s s  t h a n  t h a t  of ha rbor  c o n s t r u c t i o n .  However, t h e  
long-range i m p l i c a t i o n s  of  runof f  impacts  on h a r b o r  w a t e r  q u a l i t y  merit 
f u r t h e r  d i s c u s s i o n .  

P resen t  development p l a n s  f o r  t h e  ha rbor  propose  c o l l e c t i o n  o f  runoff  
gene ra t ed  by t h e  p o r t  f a c i l i t i e s  i n  an underground d r a i n a g e  sys tem which 
d i s c h a r g e s  i n t o  t h e  harbor  (M & E P a c i f i c  1978) .  It i s  expec ted  t h a t  paved 
a r e a s  ded ica t ed  t o  OTEC c o n s t r u c t i o n  w i l l  d i r e c t l y  f e e d  t h i s  d r a i n a g e  
system. 
t a b l e .  
unpaved c o n s t r u c t i o n  a r e a s  w i l l  a l s o  e n t e r  t h e  harbor .  Disso lved  and 
p a r t i c u l a t e  contaminants  of runof f  from paved s i t e s  w i l l  be  d i scha rged  i n t o  

Unpaved areas w i l l  presumably d r a i n  by p e r c o l a t i o n  t o  t h e  water 
I n  view of t h e  p r o j e c t e d  groundwater  f l u x  v e c t o r s ,  d r a i n a g e  from 
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Figure 4.2.--Land-based containment system and p i p e l i n e s  c o n s t r u c t i o n ,  
assembly, and s t a g i n g  areas in Barbers  Point Harbor (from OTC 1984a).  



33 

t h e  ha rbor ,  w h i l e  s o i l  f i l t r a t i o n  and a d s o r p t i o n  w i l l  remove p a r t i c u l a t e s  
from unpaved a r e a  d ra inage .  

I n  view of t h e  i n d u s t r i a l  usage of t h e  h a r b o r ,  t u r b i d i t y  due t o  runof f  
i s  not cons ide red  a s i g n i f i c a n t  problem. T h e  h a r b o r  w i l l  f u n c t i o n  a s  a 
l a r g e  ponding b a s i n  f o r  t e r r i g e n o u s  m a t e r i a l s ,  e f f e c t i v e l y  i s o l a t i n g  runof f -  
genera ted  p a r t i c u l a t e  p o l l u t a n t s  from t h e  c o a s t a l  o c e a n i c  environment.  
P e r i o d i c  dredging  of s e c t i o n s  of t h e  harbor  w i l l  be  r e q u i r e d  t o  m a i n t a i n  
des ign  d e p t h  c h a r a c t e r i s t i c s ,  bu t  impacts r e l a t e d  t o  these a c t i v i t i e s  w i l l  
be of r e l a t i v e l y  s h o r t  d u r a t i o n ,  and a p p r o p r i a t e  m i t i g a t i n g  measures w i l l  
l i m i t  a d v e r s e  envi ronmenta l  e f f e c t s .  

Cons t ruc t ion  of  t h e  g r a v i n g  dock w i l l  e n t a i l  excava t ion  of  o v e r  P 

80,000 m3 of m a t e r i a l .  
ma in ta in ing  a d i k e  between t h e  excava t ion  s i t e  and t h e  ha rbor  u n t i l  f i n a l  
phases  of t h e  g rav ing  dock c o n s t r u c t i o n .  
between t h e  g rav ing  dock and t h e  ha rbor ,  suspended p a r t i c u l a t e  mat.ter w i l l  
be in t roduced  i n t o  t h e  ha rbor ,  caus ing  l o c a l  i n c r e a s e s  i n  t u r b i d i t y .  
However, s i n c e  t h e  p r o j e c t e d  c o n s t r u c t i o n  a c t i v i t i e s  t o  be conducted w i t h i n  
t h e  g rav ing  dock p r i m a r i l y  e n t a i l  f a b r i c a t i o n  of r e i n f o r c e d  c o n c r e t e  
s t r u c t u r e s ,  t h e  n a t u r e  of t h e  suspended p a r t i c u l a t e s  i s  n o t  l i k e l y  t o  be 
e i t h e r  t o x i c  o r  s i g n i f i c a n t l y  b i o l o g i c a l l y  r e a c t i v e .  T h u s ,  t h e  major 
b i o l o g i c a l  impact of t h e s e  p rocedures  w i l l  be t h e  t r a n s i t o r y  l i g h t  
l i m i t a t i o n  of ha rbor  p l a n k t o n i c  and b e n t h i c  communities due t o  induced 
t u r b i d i t y .  

Impacts t o  ha rbor  w a t e r  q u a l i t y  may be minimized by 

W i t h  each b reach ing  of p a r t i t i o n s  

Cons t ruc t ion  of t h e  land-based containment sys t em (LBCS) super -  
s t r u c t u r e  w i l l  be  accomplished w i t h  t h e  LBCS r a f t  moored a l o n g s i d e  t h e  
f i t t i n g - o u t  p i e r s  a t  t h e  n o r t h e a s t  co rne r  of t h e  ha rbor  (HDbC 1984). A s  
w i t h  s t r u c t u r e s  f a b r i c a t e d  i n  t h e  g rav ing  dock, t h e  m a j o r i t y  of t h e  
c o n s t r u c t i o n  w i l l  be r e i n f o r c e d  c o n c r e t e ,  and no s i g n i f i c a n t  impac t s  t o  
harbor  w a t e r  q u a l i t y  a r e  expec ted .  

The  CWP w i l l  be f a b r i c a t e d  i n  a d e s i g n a t e d  s t a g i n g  a r e a .  T h e  GRP 
l amina t ion  t echn iques  e n t a i l  s u c c e s s i v e  lay-ups of g l a s s  f i b e r  impregnated 
w i t h  a m i x t u r e  of p o l y e s t e r  r e s i n s  and a p o l y m e r i z a t i o n  c a t a l y s t ,  u s u a l l y  
m e t h y l  e t h y l  ke tone  (MEK). Although t h e  cured  e n d  product  i s  e s s e n t i a l l y  
i n e r t  b i o l o g i c a l l y ,  component res ins  and t h e  c a t a l y s t  i n  p a r t i c u l a r  a r e  
t o x i c .  Cata lyzed  p o l y e s t e r  r e s i n s  a r e  f r e q u e n t l y  a p p l i e d  by h igh-pressure  
spray. T h u s ,  t h e  p o t e n t i a l  e x i s t s  f o r  s i g n i f i c a n t  a e r o s o l  t r a n s f e r  from 
t h e  c o n s t r u c t i o n  s i t e  t o  t h e  ha rbor  w a t e r s  which w i l l  be downwind u n d e r  
p r e v a i l i n g  tradewind c o n d i t i o n s .  I n  a d d i t i o n ,  r u n o f f  of s p i l l a g e  w i l l  be 
c a r r i e d  by t h e  d r a i n a g e  system i n t o  t h e  harbor .  A p p l i c a t i o n  of a p p r o p r i a t e  
m i t i g a t i o n  measures ( p r i m a r i l y  containment s t r u c t u r e s )  w i l l  be necessa ry  t o  
p reven t  t o x i c  accumula t ions  of t h e s e  m a t e r i a l s  w i t h i n  ha rbor  w a t e r s .  

P r e d i c t e d  water  q u a l i t y  c h a r a c t e r i s t i c s  w i t h i n  t h e  harbor  a r e  tenuous 
a t  b e s t .  However, a s  w i t h  any conf ined  w a t e r  mass, a l loch thonous  n u t r i e n t  
i n p u t s  w i l l  accumulate i n  p r o p o r t i o n  t o  wa te r  r e s i d e n c e  t i m e ,  l e a d i n g  t o  
i n c r e a s e d  phytoplankton  p o p u l a t i o n s  and, u l t i m a t e l y ,  e u t r o p h i c a t i o n .  
Although t h e  proposed c o n s t r u c t i o n  a c t i v i t i e s  do not  appear t o  e n t a i l  
p r o c e s s e s  l e a d i n g  t o  enhanced n u t r i e n t  i n p u t s  t o  t h e  ha rbor ,  some o r g a n i c  
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enrichment  due t o  runoff  i s  i n e v i t a b l e ,  and p l ank ton  blooms w i l l  occu r  i n  
backwater areas of t h e  h a r b o r  where c i r c u l a t i o n  i s  r e s t r i c t e d .  
concern,  however, i s  t h e  p o s s i b i l i t y  of p e r i o d i c  blooms of t o x i c  dino- 
f l a g e l l a t e s .  Such blooms o c c a s i o n a l l y  occur  i n  P e a r l  Harbor r e s u l t i n g  i n  a 
p u b l i c  h e a l t h  haza rd  due t o  t a i n t i n g  of e d i b l e  f i s h  by c igua tox in .  
However, t h e  r e l a t i o n s h i p  of man's a c t i v i t i e s  t o  c i g u a t e r a  o u t b r e a k s  has  
not  been well-documented and r e q u i r e s  f u r t h e r  r e s e a r c h .  

O f  g r e a t e r  

4.2 Kahe P o i n t  -- 
- LBCS Construction-In a l l ,  roughly 71,900 m2 of subs t r a tum w i l l  be 

permanently d i s r u p t e d  by p l a n t  c o n s t r u c t i o n  i n s h o r e  of t h e  100 m s h e l f -  
break.  Of t h i s  t o t a l ,  about  37,900 m2 comprise  t h e  s h e l f  r eg ion  o f  t h e  
MEP-CWP modules, and 10,000 m2 w i l l  be l o s t  t o  t h e  HE1 w a r m  e f f l u e n t  
condui t .  The p re l imina ry  des ign  f o r  t h e  LBCS i n v o l v e s  dredging  approxi -  
mate ly  10 m below grade  and emplacing the conta inment  s t r u c t u r e  i n  a n  
18,500 m2 area of c o r a l  sand abou t  500 m from s h o r e  a t  a depth  of about  15 m, 
a s  shown i n  F igu re  4 . 3 .  The LBCS w i l l  be  connec ted  t o  sho re  by a t res t le  
p i e r ;  t h e  e f f l u e n t  p ipe  from HE1 t o  t h e  LBCS w i l l  roughly p a r a l l e l  t h e  p i e r .  
P r o j e c t e d  r o u t e s  f o r  t h e  p i e r  and t h e  HE1 e f f l u e n t  p i p e  run  mainly through 
areas of c o r a l  sand,  p a s s i n g  th rough  r e e f  area only  f o r  150 m or  less i n  t h e  
p a r t  n e a r e r  shore .  The p i e r  w i l l  traverse about  1,500 m2 of r e e f  area and 
4 , 0 0 0  m2 sand subs t ra tum.  
t o t a l  a f f e c t e d  area w i l l  b e  hard  subs t ra tum.  

As a consequence of p l a n t  s i t i n g ,  < lo% of t h e  

F igure  4.3.--Forty-megawatt OTEC plan at Kahe 
Point, Oahu (from OTC 1984b) .  



Cons t ruc t ion - re l a t ed  impacts  on b i o t a  of sand s u b s t r a t a  a re  g e n e r a l l y  
l e s s  severe than  impacts  t o  hard subs t r a tum communities. The sandy bottom 
i s  d i s t u r b e d  con t inuous ly ,  and sometimes s e v e r e l y ,  by waves, and members of 
t h e  b e n t h i c  community are  adapted  t o  d e a l  w i t h  modera te  amounts of deposi-  
t i o n  o r  e r o s i o n  and t o  r e p o p u l a t e  d i s t u r b e d  areas q u i c k l y .  Adult  c o r a l s ,  
on t h e  other hand, cannot  re locate ,  a l though they  have some a b i l i t y  t o  
remove newly s e t t l e d  p a r t i c l e s  by c i l i a t i o n  and s e c r e t i o n  o f  mucous. For 
these r e a s o n s ,  b i o l o g i c a l  impacts  from c o n s t r u c t i o n - r e l a t e d  s i l t a t i o n  and 
t u r b i d i t y  w i l l  be  more s e v e r e  on r e e f s  t han  on i n t e r r e e f  communities. 

Although reef ecosystems are cons ide red  ex t r eme ly  s e n s i t i v e  t o  
envi ronmenta l  deg rada t ion ,  r e c e n t  s t u d i e s  have demonst ra ted  t h a t  c o r a l  
r e e f s  a re  remarkably r e s i l i e n t .  
q u a l i t y  v i a  s i l t a t i o n ,  n u t r i e n t  enr ichment ,  o r  t o x i c  re lease w i l l  s e r i o u s l y  
and p r o g r e s s i v e l y  damage ecosys tems adapted  t o  p r i s t i n e  c o n d i t i o n s .  
However, even areas which have been s e v e r e l y  degraded ove r  long  i n t e r v a l s  
rebound v i g o r o u s l y  once t h e  envi ronmenta l  i n s u l t  i s  removed (Smith e t  a l .  
1981).  I n f r e q u e n t ,  but  severe, n a t u r a l  e v e n t s  s u c h  as s to rms  o r  vu lcanism 
may d e s t r o y  vas t  expanses  of r e e f  h a b i t a t ,  b u t  t h e  communities r e e s t a b l i s h  
themselves  once envi ronmenta l  s t a b i l i t y  i s  r e g a i n e d  (Goreau 1964; Cooper 
1966; Banner 1968; Shinn 1972; S t o d d a r t  1974; Woodley e t  a l .  19811. Thus 
p e r i o d s  of  s e v e r e  t u r b i d i t y  and s i l t a t i o n  c o i n c i d e n t  w i t h  p l a n t  cons t ruc -  
t i o n  may be  env i ronmen ta l ly  a c c e p t a b l e  on t h e  premise  of r e s t o r a t i o n  of 
p r i s t i n e  c o n d i t i o n s  fo l lowing  t h e  c o n s t r u c t i o n .  

Long-term d e t e r i o r a t i o n  of ambient  water 

Outs ide  t h e  a r e a s  t h a t  are t renched  o r  permanent ly  covered ,  t h e  
p r i n c i p a l  marine impacts  of  c o n s t r u c t i o n  w i l l  come from t u r b i d i t y  and 
s i l t a t i o n  on t h e  s h e l f  due t o  t h e  d i s p e r s a l  of m a t e r i a l  suspended i n  t h e  
water column d u r i n g  dredging .  The d u r a t i o n  and s e v e r i t y  of these impacts  
w i l l  depend s t r o n g l y  on t h e  g r a i n - s i z e  d i s t r i b u t i o n  of t h e  dredged 
mater ia l ,  and on waves and c u r r e n t s  i n  t h e  l o c a l  waters. 

The bulk  of t h e  mater ia l  t o  be  dredged f o r  t h e  40-MWe OTEC p l a n t  
c o n s i s t s  of sand and c o r a l  l imes tone  mater ia l  o v e r l y i n g  l a y e r s  of  c layey  
s i l t  and c o r a l l i n e  l imes tone .  The t h i c k n e s s  of t h e  s u r f a c e  sand layer  
v a r i e s  between 2 and 3 m between t h e  s h o r e l i n e  and t h e  s i t e  of t h e  LBCS and 
may i n c r e a s e  s l i g h t l y  a t  g r e a t e r  d e p t h s  towards t h e  s h e l f  margin (Harding 
Lawson Associates 1984).  

Dredging of  t h e  sand l a y e r  w i l l  r esu l t  i n  minor  impacts  o u t s i d e  of the 
immediate area of dredging  due to t h e  l a r g e  median g r a i n  s i z e  and r a p i d  
s e t t l i n g  r a t e  of t h e  component sediment p a r t i c l e s .  However, s e t t l i n g  of 
t h e  f i n e r  s i l t - s i z e d  f r a c t i o n  i s  s i g n i f i c a n t l y  r e t a r d e d ,  a l lowing  subs tan-  
t i a l  amounts of mater ia l  t o  be t r a n s p o r t e d  a long  t h e  c o a s t  by p r e v a i l i n g  
c u r r e n t s  (Divoky e t  a l .  1984). S i l t - s i z e d  sed iments  may be  excavated  
e i the r  h y d r a u l i c a l l y  o r  u s i n g  mechanical  d redges ;  e i t h e r  method w i l l  r e su l t  
i n  c o n s i d e r a b l e  p roduc t ion  of suspended s o l i d s  downstream of d redg ing  
o p e r a t i o n s .  De t r i t a l  c o r a l l i n e  l imes tone  and cemented sands  may r e q u i r e  
b l a s t i n g  b e f o r e  removal. Excavat ion  of these m a t e r i a l s  i s  expec ted  t o  
y i e l d  s i l t y  and sandy g r a v e l  (Harding Lawson A s s o c i a t e s  1984) which w i l l  
a l s o  produce modera te ly  s e v e r e  t u r b i d i t y  plumes. 
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Communities i n  t h e  immediate areas of d redg ing  w i l l  be  des t royed .  
Adjacent a r e a s  w i l l  be  s u b j e c t e d  t o  t u r b i d i t y  and s i l t a t i o n  as a conse- 
quence of d i s p e r s a l  of suspended p a r t i c u l a t e  mater ia l  d e r i v e d  from t h e  
dredging  ope ra t ions .  Although t h e  LBCS i s  s i t e d  i n  an  open sand area,  
e x t e n s i v e  c o r a l  r e e f  communities occur  w i t h i n  0.5 km n o r t h  and s o u t h  of 
t h e  c o n s t r u c t i o n  s i t e  (F ig .  4.4). Although s t u d i e s  of dredge  plume 
d i s t r i b u t i o n  and p e r s i s t e n c e  have not  been performed,  Divoky e t  a l .  (1984) 
c o n s i d e r  a s i m p l i f i e d  phenomenological model of sediment  t r a n s p o r t  and 
s e t t l i n g  i n  t h e  c o n t e x t  of  t h e i r  nea r shore  c i r c u l a t i o n  modeling s t u d i e s .  
T h e i r  model does  n o t  c o n s i d e r  r e suspens ion  and they  recommend t h a t  f u t u r e  
d e t a i l e d  ana lyses  i n c l u d e  t h i s  parameter .  Thus, t h e i r  f i n d i n g s  may be 
cons ide red  conse rva t ive .  

On t h e  b a s i s  of  c o r e  samples t aken  i n  t h e  area of t h e  LBCS s i t e ,  
Harding Lawson Assoc ia t e s  (1984) presen ted  an i d e a l i z a t i o n  of s o i l  
materials l i k e l y  t o  be  gene ra t ed  from a 10 m excava t ion  a t  t h a t  s i t e  (Fig.  
4 . 5 ) .  Below 5 m subbottom depth ,  s u b s t a n t i a l  q u a n t i t i e s  of s i l t - s i z e d  
p a r t i c l e s  w i l l  be  encountered.  Using d a t a  from t h i s  f i g u r e  and model 
p r e d i c t i o n s  of Divoky e t  a l .  (19841, t he  downstream c o n c e n t r a t i o n s  of 
dredge-produced suspended p a r t i c l e s  i n  two s i z e  r a n g e s  (0.02 and 0.05 mm) 
are p resen ted  i n  F i g u r e s  4.6 and 4 . 7 .  For  t h e  smaller s i z e  p a r t i c l e s ,  i f  

F igure  4.4--Coral coverage o f f  Hawaiian E l e c t r i c  Company power p l a n t  i n  
1975 (from Coles  and Fukuda 1 9 7 5 ) .  
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Figure  4.5.-- I d e a l i z e d  s o i l  p r o f i l e :  Land-based containment 
system s i t e  (from Harding Lawson Assoc ia t e s  1984).  
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Figure  4,6.--Turbidity c o n c e n t r a t i o n  and d e p o s i t i o n  ra te  for a 
p a r t i c l e  s i z e  of 0.02 mm (from Divoky e t  a l .  1984). 
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Figure  4.7.--Turbidity concen t r a t ion  and d e p o s i t i o n  ra te  f o r  a 
p a r t i c l e  s i z e  of 0.05 mm (from Divoky e t  a l .  1984).  

a s t a r t i n g  c o n c e n t r a t i o n  of 100 mg 1-1 i s  assumed, t h e  model p r e d i c t s  t h a t  
75 mg 1-1 w i l l  remain i n  suspens ion  a t  a d i s t a n c e  of 0.5 km from t h e  source .  
This  c o n c e n t r a t i o n  i s  equated  t o  a s e t t l i n g  rate of 150 gem-2h-1 
p rov id ing  an  estimate of t h e  p a r t i c l e  d e l i v e r y  t o  c o r a l  communities w i t h i n  
0.5 k m  of t h e  LBCS s i te .  For l a r g e r  p a r t i c l e s ,  t h e  c o n c e n t r a t i o n  w i t h i n  a 
r a d i u s  of 0.5 km i s  p r e d i c t e d  t o  b e  60 mg 1-1, and t h e  d e p o s i t i o n  rate 
rises t o  400 gem-2h-1. Although c o r a l s  have been shown t o  be r e s i s t a n t  t o  
dredge- re la ted  damage (e.g.. Bak 1978; D o l l a r  and Grigg 19811, t h e r e  i s  
evidence  t h a t  prolonged exposure t o  t u r b i d i t y  l e v e l s  i n  e x c e s s  of 30 
nephelometr ic  t u r b i d i t y  u n i t s  (NTU) may r e s u l t  i n  s i g n i f i c a n t  m o r t a l i t y  
rates i n  Hawaiian c o r a l s  (Maragos pe r s .  commun.). T u r b i d i t y  of 30 N!t’LJ i s  
roughly e q u i v a l e n t  t o  a suspended s o l i d s  Concen t r a t ion  of 50 mg 1-1. 
E x t r a p o l a t i n g  from F igures  4.6 and 4.7, c o n s t r u c t i o n - r e l a t e d  d redg ing  may 
produce s i g n i f i c a n t  l eve ls  of c o r a l  m o r t a l i t y  i n  hard-substratum 
communities w i t h i n  1 km of t h e  proposed LBCS s i t e .  

It should  be noted t h a t  t h e  p rev ious  c a l c u l a t i o n s  r e p r e s e n t  
e x t r a p o l a t i o n s  of model p r e d i c t i o n s .  Empir ica l  d a t a  on d redge - re l a t ed  
plume d i s p e r s i o n  from OTEC p l a n t  c o n s t r u c t i o n  do n o t  exis t .  However, an 
approximation of t h e  s e v e r i t y  of d redge - re l a t ed  impacts  may be d e r i v e d  from 
c o n s i d e r a t i o n  of t h e  Barbers  P o i n t  Deep D r a f t  Harbor c o n s t r u c t i o n .  Barbers  
Po in t  i s  l o c a t e d  roughly 3.5 km e a s t  of t h e  proposed Kahe Po in t  OTEC s i t e  
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and i s  p h y s i o g r a p h i c a l l y  comparable t o  Kahe. C o n s t r u c t i o n  of t h e  harbor  
e n t a i l e d  b l a s t i n g ,  augur ing ,  and c l a m s h e l l  removal of b e n t h i c  subs t r a tum 
w i t h i n  a d i s t a n c e  of about 760 m from shore .  Measurements of suspended 
s o l i d s  i n  s u r f a c e  and bot tom waters (F ig .  4.8) r e v e a l e d  t h e  e f f e c t s  of 
dredging  a c t i v i t i e s  bu t  a l s o  showed high l e v e l s  of  v a r i a b i l i t y  i n  dredge- 
r e l a t e d  and ambient p a r t i c u l a t e  l o a d i n g s  (Maragos pe r s .  commun.). 
Ambient and c o n s t r u c t i o n  gene ra t ed  t u r b i d i t y  v a r i e d  w i t h  weather and s e a  
c o n d i t i o n s  (AECOS 1982). 

Although b i o l o g i c a l  impact s t u d i e s  accompanying t h e  Barbers  P o i n t  Deep 
D r a f t  Harbor c o n s t r u c t i o n  are incomple te ,  p r e l i m i n a r y  i n t e r p r e t a t i o n  of the 
d a t a  s u g g e s t s  t h a t  s i l t a t i o n  and t u r b i d i t y  a r e  t r a n s i t o r y  and s p o r a d i c .  
Damage t o  b e n t h i c  communities has been most s e v e r e  i n  t h e  immediate 
v i c i n i t y  of t h e  dredging  o p e r a t i o n s ,  bu t  w i t h  t h e  removal of t h e  i n s u l t ,  
t h e  communities appear t o  be  rebounding r e l a t i v e l y  qu ick ly .  Fur thermore ,  
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Figure  4.8.--Suspended s o l i d s  c o n c e n t r a t i o n s  dur ing  Barbers  P o i n t  
channel  dredging (U.S. Army Corps of  Engineers ,  p e r s .  commun. t o  
E. K. Noda 1983).  
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t h e  o v e r a l l  impact on b e n t h i c  communities of any t empora l ly  and s p a t i a l l y  
l o c a l i z e d  marine dredging  o p e r a t i o n  i s  c l e a r l y  minor  i n  comparison w i t h  
t h e  e f f e c t s  of major storms. S ince  t h e  r e e f ' s  a d a p t i v e  c a p a c i t y  m u s t  
u l t i m a t e l y  be framed i n  t h e  c o n t e x t  of t h e  l a r g e r  envi ronmenta l  e v e n t ,  t h e  
p r e v i o u s l y  c i t e d  example s u g g e s t s  t h a t  no proposed OTEC c o n s t r u c t i o n -  
r e l a t e d  community deg rada t ion  i s  env i ronmen ta l ly  i r r e v e r s i b l e .  However, 
it should be emphasized t h a t  c o r a l  community r ecove ry  r e q u i r e s  r e s t o r a t i o n  
of p r i s t i n e  c o n d i t i o n s .  

Although t u r b i d i t y  and s i l t a t i o n  a r e  cons ide red  t h e  major p o t e n t i a l  
sou rces  of c o n s t r u c t i o n - r e l a t e d  impacts t o  mar ine  b i o t a ,  d redg ing  and 
f a c i l i t y  i n s t a l l a t i o n  i n  t h e  mar ine  environment may r e s u l t  i n  a d d i t i o n a l  
impacts. Extens ive  d i s r u p t i o n  of marine sed iments  exposes p r e v i o u s l y  
sequestered m a t e r i a l s  t o  a chemica l ly  r e a c t i v e  and p h y s i c a l l y  d i s p e r s i v e  
environment. The  BOD, d i s s o l v e d  i n o r g a n i c  and o r g a n i c  n i t r o g e n  and 
phosphorus, and accumulated a l loch thonous  t o x i n s  may pose t h r e a t s  t o  
communities downstream of c o n s t r u c t i o n  a c t i v i t i e s .  I n  a d d i t i o n ,  he ightened  
t r a f f i c  and o p e r a t i o n  of heavy c o n s t r u c t i o n  machinery r a i s e  t h e  chance of 
p o l l u t i o n  d u e  t o  a c c i d e n t a l  t o x i c  d i s c h a r g e s .  
may be m i t i g a t e d  by prompt a p p l i c a t i o n  of a p p r o p r i a t e  containment and 
a b s o r p t i o n  measures,  sediment d i s t u r b a n c e  e f f e c t s  merit f u r t h e r  
c o n s i d e r a t i o n .  

Although t h e  l a t t e r  issue 

The porewater chemis t ry  of sed iments  o f f  Kahe Poin t  has  n o t  been 
desc r ibed .  However, t h e  low s u p p l y  r a t e  of o r g a n i c  d e t r i t u s  t o  t h e  r e g i o n  
and t h e  r a p i d  f l u s h i n g  r a t e  would a rgue  a g a i n s t  accumulation of  s u b s t a n t i v e  
o r g a n i c  d e p o s i t s  i n  t h e  sed iments .  Although m i c r o b i a l  communities a r e  
p r e s e n t  i n  n e a r s u r f a c e  sed imen t s ,  l ack  of o r g a n i c  s u b s t r a t e s  would p reven t  
t h e i r  p r o l i f e r a t i o n  t o  a s i g n i f i c a n t  degree .  T h u s  i t  i s  u n l i k e l y  t h a t  BOD 
o r  e x c e s s i v e  n u t r i e n t  r e l e a s e  from d i s t u r b e d  sed imen t s  w i l l  be a problem a t  
Kahe Po in t .  S i m i l a r l y ,  t h e  l a c k  of t e r r i g e n o u s  i n p u t  t o  t h e  a r e a  a rgues  
a g a i n s t  t h e  p o s s i b i l i t y  t h a t  t o x i c  m a t e r i a l s  s e q u e s t e r e d  i n  t h e  sed iments  
may be r e l e a s e d  d u r i n g  OTEC p l a n t  c o n s t r u c t i o n .  However, c o n s t r u c t i o n  
a c t i v i t i e s  i n  low l a t i t u d e  mar ine  environments may be a f a c t o r  i n  t h e  
development of c i g u a t e r a ,  a c i r c u m t r o p i c a l  d i s e a s e  r e s u l t i n g  from t h e  
consumption of c e r t a i n  s p o r a d i c a l l y  t o x i c  mar ine  f i s h e s .  Although i t  has 
long  been recognized  t h a t  t h e  t o x i c a n t  o r i g i n a t e d  a t  t h e  base  of t h e  c o r a l  
r e e f  food web (Randa l l  19581, on ly  r e c e n t l y  has a mar ine  d i n o f l a g e l l a t e ,  
------------- Gambierdiscus ------- t o x i c u s  emerged a s  t h e  l i k e l y  s o u r c e  of c i g u a t o x i n  (Yasumoto 
e t  a l .  1977, 1979, 1984). Gnmbigsdidcgg pcmircg i s  a common e p i p h y t e  on 
b e n t h i c  a l g a e  i n  sha l low t r o p i c a l  environments,  o c c u r r i n g  a t  low d e n s i t y  
most of t h e  t ime. As w i t h  o t h e r  t o x i c  d i n o f l a g e l l a t e s  (e.g., Gymsshigigg 
----- b r e v e ) ,  e p i s o d i c  po i son ings  a r e  c o i n c i d e n t  w i t h  d r a m a t i c  blooms of t h e  
t o x i c a n t  organism, w i t h  a t t e n d a n t  t a i n t i n g  of l o c a l  f i s h  fauna .  T h e  
p r e c i s e  r e l a t i o n s h i p  between d redg ing  and c i g u a t e r a  i s  a m a t t e r  of d e b a t e ,  
but there have been well-documented c a s e s  i m p l i c a t i n g  d redg ing  a s  a 
c a u s a t i v e  f a c t o r  i n  c i g u a t e r a  ou tb reaks  (Bagnis 1969) .  The ou tb reak  a t  
Pokai Bay followed dredging  of a nearby harbor .  On t h e  o t h e r  hand, 
c i g u a t e r a  has occurred  independent ly  of marine c o n s t r u c t i o n  a c t i v i t i e s ,  
and t h e r e  have been dredging  p r o j e c t s  which have been unaccompanied by 
c i g u a t e r a  cases .  Ongoing s t u d i e s  sugges t  t h a t  t h e  n a t u r e  of t h e  
resuspended m a t e r i a l  may be s i g n i f i c a n t  i n  t h e  c a u s a l  r e l a t i o n s h i p  between 
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dredging  and c i g u a t e r a :  p r e l i m i n a r y  resu l t s  o f  l a b o r a t o r y  c u l t u r e  
exper iments  show t h a t  d i s s o l v e d  o r g a n i c  mater ia ls  s t i m u l a t e  growth of G. ------- t o x i c u s  (York pers .  commun.). 
r e l a t i o n s h i p  between d redg ing  and c i g u a t e r a  i s  f u l l y  understood.  However, 
t h e  i s s u e  i s  of s u f f i c i e n t  concern t h a t  t h e  U.S. Army Corps of Engineers  i s  
suppor t ing  moni tor ing  s t u d i e s  d u r i n g  t h e  Barbers  Poin t  Deep Dra f t  Harbor 
c o n s t r u c t i o n  and o t h e r  marine d redg ing  p r o j e c t s  i n  Hawaii (Maragos pe r s .  
commun.). S i m i l a r  mon i to r ing  should  accompany c o n s t r u c t i o n  o f  OTEC 
f a c i l i t i e s .  

A d d i t i o n a l  work i s  r e q u i r e d  b e f o r e  t h e  

P i p e l i n e  Construction--Dredge-related c o n s t r u c t i o n  impacts  of  t h e  OTEC 
CWP-MEP she l f  s e c t i o n s  a r e  analogous t o  e f f e c t s  of LBCS s i t e  p r e p a r a t i o n  
d i scussed  i n  the p rev ious  s e c t i o n .  S e v e r i t y  of impacts  on c o r a l  r e e f  
communities w i l l  be  d iminished  a s  a consequence of  t h e  d e c r e a s e  i n  c o r a l  
abundance w i t h  i n c r e a s i n g  d i s t a n c e  from t h e  s h o r e l i n e .  Below t h e  depth  a t  
which t h e  CWP-MEP e n t e r s  the t r enched  r e g i o n ,  t h e  p i p e s  w i l l  l i e  on t h e  
ocean bot tom and c o n t i n u e  t o  t h e  300 m she l f -break .  The cold-water  p i p e  
w i l l  c o n t i n u e  beyond t h e  she l f -b reak  suspended above t h e  bot tom a s  it goes 
down t h e  s c a r p  and w i l l  be  on t h e  bottom i n  t h e  most g e n t l y  s l o p i n g  r eg ion  
below t h e  scarp .  The impacts  of p i p e  l a y i n g  beyond t h e  30-m con tour  w i l l  
be  l o c a l  and t r a n s i t o r y ,  a f f e c t i n g  only s p a r s e  p o p u l a t i o n s  (Coles  1982; 
F o r n a r i  1982) .  

A s  p r e s e n t l y  planned,  t h e  i n s t a l  l a t i o n  p rocedure  f o r  t h e  deepwater 
segment of t h e  CWP e n t a i l s  bottom-dragging p r e f a b r i c a t e d  s e c t i o n s  of t h e  G R P  
p i p e  from Barbers  Poin t  Deep Dra f t  Harbor t o  t h e  Kahe OTEC s i t e ,  a d i s t a n c e  
of roughly 4 km. The p i p e l i n e  s e c t i o n s  w i l l  be  towed i n  water d e p t h s  from 
60 t o  90 m ,  and upon a r r i v a l  a t  t h e  i n s t a l l a t i o n  s i t e  they  w i l l  be  s t o r e d  i n  
a dredged t r e n c h  i n  about  40 m dep th  (OTC 1984b).  Some confus ion  ex i s t s ,  
s i n c e  g r a p h i c  r e p r e s e n t a t i o n s  of t h i s  p r o c e s s  i n d i c a t e  a tow r o u t e  depth of 
45 t o  60 m (F ig .  4.9) (HD&C 1984).  
f u n c t i o n  of  subs t ra tum d e f i n i t i o n ,  s i n c e  smooth, sandy s u b s t r a t a  a re  
r equ i r ed  f o r  t h i s  procedure.  Sediment communities i n  t h e  tow p a t h  w i l l  be  
des t royed ,  b u t ,  a s  p r e v i o u s l y  no ted ,  b i o t a  i n  t h i s  r e g i o n  a re  s p a r s e ,  and no 
permanent community d i s r u p t i o n  i s  expected.  Assuming a tow p a t h  wid th  of 
200 m ,  t h e  t o t a l  d i s t u r b e d  sediment  r e g i o n  w i l l  c o n s t i t u t e  on ly  1% of the  
t o t a l  shelf  a r e a  of  t h e  Waianae c o a s t  (OTC 1984b).  

Tow r o u t e  d e t e r m i n a t i o n  i s  most l i k e l y  a 

Impacts t o  deep-sea b e n t h i c  communities due t o  CWP emplacement us ing  
t h e  bottom-pull  t echn ique  (OTC 1984a)  are  d i f f i c u l t  t o  p r e d i c t .  V i s u a l  
r econna i s sance  i n  t h i s  a r e a  has  r e v e a l e d  few r e s i d e n t  organisms (Coles  
1982; F o r n a r i  19821, but  d a t a  a r e  extremely s p a r s e .  Also,  l i t t l e  i s  known 
about deep b e n t h i c  community r ec ru i tmen t  and growth ra tes .  However, the  
a r e a  d i s r u p t e d  by t h e  CWP r e p r e s e n t s  an i n s i g n i f i c a n t  amount of t h e  i s l a n d  
s l o p e  h a b i t a t ,  and t h u s  minimal p e r s i s t e n t  e f f e c t s  a r e  expec ted .  

Approximately 360,000 m3 of m a t e r i a l  w i l l  be  dredged f o r  t h e  i n s t a l l a -  
t i o n  of Kahe ''-'me OTEC p l a n t .  
approved, d e s i g n a t e d  d i s p o s a l  a rea .  There  a r e  f i v e  des igna ted  a r e a s  i n  t h e  
Hawaiian I s l a n d s .  The l a r g e s t  and n e a r e s t  t o  t h e  Kahe a r e a  i s  t h e  South 
Oahu  s i t e ,  l o c a t e d  approximate ly  7 km sou th  of t h e  r e e f  runway a t  t h e  
Honolulu I n t e r n a t i o n a l  A i rpo r t .  There a r e  no m a t e r i a l  l oad ing  l i m i t s  a t  

Dredged m a t e r i a l  w i l l  be  d i sposed  i n  an 
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Figure 4 . 9  . --Installatian s i t e  p l a n  (from HD&C 1984). 
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t h e  South Oahu s i te .  However, users m u s t  comply w i t h  EPA ocean dumping 
r e g u l a t i o n s  and c r i t e r i a .  Among o t h e r  t h i n g s ,  these r e g u l a t i o n s  l i m i t  t h e  
t y p e  of m a t e r i a l s  t h a t  may be dumped. 
na ted  dredged m a t e r i a l  (EPA 1980).  

T h e r e  a r e  no l imits  f o r  uncontami- 

Bioassay s t u d i e s  of p o t e n t i a l  t o x i c i t y  of dredge  s p o i l  from t h e  Kahe 
OTEC s i t e  have no t  been performed. However, i n  view of t h e  low o r g a n i c  
c o n t e n t  of t h e  sed iments  and t h e  absence  of s i g n i f i c a n t  t e r r i g e n o u s  
i n f l u e n c e ,  i t  i s  u n l i k e l y  t h a t  such b i o a s s a y s  would f i n d  t o x i c  e lements  i n  
t h e  Kahe subs t ra tum.  

5.0 EWIROIPMEATAL CONSEQUENCES OF PLAAT PRESENCE 

5.1 &action 

Any f i x e d  o r  f l o a t i n g  s t r u c t u r e  i n  t h e  mar ine  environment w i l l  a t t r a c t  
a wide v a r i e t y  of organisms. S t u d i e s  i n  t h e  e a s t e r n  Gulf of Mexico 
(Has t ings  e t  a l .  19761, o f f  Hawaii (Gooding and Magnuson 1967; Nolan 19801, 
and elsewhere i n  t h e  P a c i f i c  Ocean (Hunter  and M i t c h e l l  1968; G r e e n b l a t t  
1979) have shown t h a t  f i s h e s  congrega te  around o f f s h o r e  s t r u c t u r e s .  A t  
n i g h t ,  l i g h t s  a r e  an a d d i t i o n a l  a t t r a c t i v e  element.  Consequently,  OTEC 
p l a n t s  a r e  expec ted  t o  a c t  a s  a r t i f i c i a l  r e e f s  and p r o v i d e  h a b i t a t s  f o r  
e x t e n s i v e  marine communities. The inc reased  p o p u l a t i o n s  nea r  the  p l a n t s  
may e x a c e r b a t e  envi ronmenta l  e f f e c t s  r e s u l t i n g  from p l a n t  o p e r a t i o n .  T h u s ,  
a t t r a c t i o n  i s  one of t h e  more impor tan t  envi ronmenta l  p e r t u r b a t i o n s  
a s s o c i a t e d  w i t h  p l a t fo rm presence .  

The  l o c a t i o n  and c o n f i g u r a t i o n  of an in t roduced  s t r u c t u r e  w i l l  
de te rmine  t h e  t y p e  and abundance of organisms a t t r a c t e d .  I n  n e a r s h o r e  
environments,  a t t r a c t i o n  r a t e s  w i l l  be r a p i d ,  encompassing high 
c o n c e n t r a t i o n s  of n e r i t i c  and o c e a n i c  b i o t a .  I n  c o n t r a s t  , s t r u c t u r e s  
l o c a t e d  o f f s h o r e  w i l l  deve lop  a more l i m i t e d  community les  s r a p i d l y  because 
of t h e  lower abundance of organisms i n  t h e  p e l a g i c  environment. G r e a t e r  
numbers of  organisms may be a t t r a c t e d  a s  more s u r f a c e  a r e a  i s  exposed t o  
seawater ,  o f f e r i n g  mar ine  organisms more s u b s t r a t a  f o r  c o l o n i z a t i o n .  
Foundation r i p r a p ,  having h i g h l y  complex three-d imens iona l  s u r f a c e s ,  can be 
expected t o  f u n c t i o n  more a s  an a r t i f i c i a l  r e e f  t h a n  a p l a n a r  b lock  
s t r u c t u r e  w i t h  uniform f a c a d e s  and few h i d i n g  p l a c e s .  

The s e q u e n t i a l  development and d e c l i n e  of s p e c i e s  c o l o n i z i n g  a new 
s u r f a c e  i n  t h e  mar ine  environment has  been s t u d i e d  g l o b a l l y ,  and e x t e n s i v e  
d a t a  on community s u c c e s s i o n  i n  leeward Hawaiian w a t e r s  a r e  a v a i l a b l e  (Long 
1974; Schoener e t  a l .  1978).  
communities i s  based on s t u d i e s  of sma l l ,  bounded s u r f a c e s  ( f o u l i n g  p a n e l s ) ,  
c a r e  m u s t  be e x e r c i s e d  i n  e x t r a p o l a t i n g  r e s u l t s  of  t h e s e  s t u d i e s  t o  t h e  new 
s u b s t r a t a  t o  be provided by t h e  Kahe 40-MWe OTEC P l a n t .  
g e n e r a l  sequence of o r g a n i c  molecule a d s o r p t i o n ,  followed by m i c r o b i a l  and 
then  macrofoul ing  e lements  w i l l  be followed r e g a r d l e s s  of t h e  s c a l e  of t h e  
i n t roduced  s u r f a c e s .  
community s u c c e s s i o n  i s  s p a t i a l l y  and t empora l ly  v a r i a b l e ,  responding  t o  a 
wide range  of s t o c h a s t i c  and d e t e r m i n i s t i c  pa rame te r s .  I n  t h e  absence  of 
f u r t h e r  d i s t u r b a n c e ,  t h e  end  product  of s u c c e s s i o n  ( i .e . ,  t h e  c l imax 

Because much of t h e  work on marine f o u l i n g  

However, t h e  

A f t e r  i n i t i a l  phases of new s u r f a c e  c o l o n i z a t i o n ,  
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community) w i l l  be  i n d i s t i n g u i s h a b l e  from n a t u r a l  hard-bottom communities 
of t h e  su r round ing  reg ion .  D e t a i l e d  d i s c u s s i o n  of  community s u c c e s s i o n  i s  
beyond t h e  scope of t h i s  e f f o r t ,  b u t  an e x c e l l e n t  review of t h e  s u b j e c t  has 
been p repa red  by 01 Consu l t an t s .  

The r e l a t i v e  s t a b i l i t y  of hard s u b s t r a t a  a s  opposed t o  sediment 
s u r f a c e s  a l lows  f o r  t h e  e v o l u t i o n  of complex, h i g h l y  i n t e g r a t e d  mar ine  
communities over  extended p e r i o d s  of t i m e .  
communities develop, a d d i t i o n a l  th ree-d imens iona l  re1 i e f  i s  produced which, 
i n  t u r n ,  p rovides  more h a b i t a t  f o r  new r e c r u i t s .  The i n c r e a s i n g  biomass 
c o n c e n t r a t i o n  p rov ides  food and l a r v a l  propagules  f o r  enhanced community 
development. Thus, t h e  c r e a t i o n  o f  new hard subs t r a tum i n  r e g i o n s  of sand 
bottom c o n s t i t u t e s  an impor tan t  mechanism f o r  magnifying marine community 
p r o d u c t i v i t y .  In  t h i s  r e g a r d ,  i n t r o d u c t i o n  o f  OTEC components i n t o  t h e  
Kahe P o i n t  nea r shore  s h e l f  w i l l  r e p r e s e n t  an envi ronmenta l  enhancement. 

A s  more e x t e n s i v e  macrofoul ing  

F requen t ly ,  t h e  most v i s i b l e  and t h e  most r e c r e a t i o n a l l y  and 
commercially s i g n i f i c a n t  e lements  of marine communities which deve lop  
around in t roduced  s t r u c t u r e s  a r e  t h e  f i s h  assemblages.  Proposed mechanisms 
of a t t r a c t i o n  of f i s h e s  i n c l u d e  schoo l ing  a t t r a c t i o n s ,  a t t r a c t i o n  t o  food, 
n e g a t i v e  p h o t o t a c t i c  r e sponse  t o  t h e  shadow of t h e  o b j e c t ,  she l t e r  from 
p r e d a t o r s ,  p re sence  of spawning s u b s t r a t a ,  and p a r a s i t e - c l e a n i n g  symbioses 
(Hunter and M i t c h e l l  1968). Results of f i e l d  s t u d i e s  i n  t h e  e a s t e r n  
t r o p i c a l  P a c i f i c  Ocean provided l i t t l e  ev idence  t o  suppor t  one  predominant 
hypo thes i s ,  bu t  i n d i c a t e d  t h a t  f l o a t i n g  o b j e c t s  may be a t t r a c t i v e  t o  f i s h  
simply because t h e y  "provide  a v i s u a l  s t i m u l u s  i n  an o p t i c a l  void." I n  
g e n e r a l ,  s t r u c t u r e s  in t roduced  i n t o  t h e  mar ine  environment p rov ide  o r  
enhance community r equ i r emen t s  p r e v i o u s l y  l a c k i n g  o r  d e f i c i e n t  t o  some 
degree .  Thus, a f l o a t i n g  o b j e c t  may provide  a s u i t a b l e  h a b i t a t  f o r  p e l a g i c  
j uven i l e  organisms d i s p l a c e d  from shore ,  and a f i x e d  p l a t f o r m  on  a sandy 
bottom w i l l  a t t r a c t  communities r e q u i r i n g  a hard  subs t ra tum.  The inc reased  
s t a n d i n g  s t o c k s  of nekton and b e n t h i c  organisms su r round ing  t h e  s t r u c t u r e  
w i l l  r esu l t  from t h e  a t t r a c t i o n  of an imals  from su r round ing  w a t e r s  and 
inc reased  l o c a l  product ion  (Ogawa 1979; Stone e t  a l .  1979; Buckley 1982). 

An estimate of t h e  f i s h  community t h a t  may develop  around t h e  Kahe 
OTEC p l a n t  may be made c o n s i d e r i n g  l o c a l l y  g e n e r a t e d  a r t i f i c i a l  h a b i t a t  
s t u d i e s .  In  t h e  Kahe Poin t  a r e a ,  McCain and Peck (1973) found an ex t remely  
high s t a n d i n g  s t o c k  of f i s h e s  (620 g m-2) around t h e  H E 1  power p l a n t  
i n t a k e  and d i s c h a r g e  ( b u i l t  up w i t h  b a s a l t i c  r o c k ) .  
a t t r i b u t e d  t h i s  high biomass t o  t h e  p re sence  of a l u s h  a l g a l  mat o n  t h e  
r o c k s ,  which served  as a food r e s o u r c e  f o r  he rb ivo rous  s u r g e o n f i s h e s .  The 
i n t e r s t i c e s  between t h e  rocks  probably a l s o  provided  p r o t e c t i v e  h a b i t a t  f o r  
these f i s h e s .  About 9 km t o  t h e  n o r t h  of Kahe P o i n t ,  t h e  Waianae 
a r t i f i c i a l  r e e f  i s  s i t u a t e d  i n  19 t o  46 m of water. Kanayama and Onizuka 
(1973) recorded  114 s p e c i e s  of f i s h  from t h i s  r e e f ;  many of these s p e c i e s  
may be expec ted  t o  c o l o n i z e  h a b i t a t s  around t h e  proposed OTEC p l a n t .  
Standing s t o c k  v a l u e s  of 24 g m-2 over c a r  bod ie s  and 9 g m-2 over  open 
c o n c r e t e  p i p e s  have been found by Kanayama and Onizuka (1973) r e p r e s e n t i n g  
up t o  a t e n f o l d  i n c r e a s e  over  p r e r e e f  assessments .  Small a r t i f i c i a l  
h a b i t a t s  p laced  o f f s h o r e  of t h e  HE1 power s t a t i o n  i n  10-13 m of w a t e r  
suppor ted  s m a l l ,  s t a b l e  p o p u l a t i o n s  of r e e f  f i s h e s  (Coles  e t  a l .  1982). I n  
t h e s e  sma l l  h a b i t a t s ,  42 s p e c i e s  of f i s h  were r eco rded .  

T h e s e  a u t h o r s  
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Although a t t r a c t i o n  of  f i s h  t o  man-made s t r u c t u r e s  i s  wel l  documented, 
q u e s t i o n s  s t i l l  a r i se  r e g a r d i n g  t h e  r e l a t i o n s h i p  between a r t i f i c i a l  
s t r u c t u r e s  and f i s h  product ion .  Mallory (1965) b e l i e v e d  t h a t  a s t r u c t u r e  
concen t r a t ed  t h e  f i s h e s  which c o n s t a n t l y  mig ra t ed  i n  and o u t ,  t h u s  s e rv ing  
as an o r i e n t a t i o n  p o i n t .  T h i s  was t r u e  f o r  a number of s p e c i e s  ( p r i m a r i l y  
t h e  game f i s h e s )  a s s o c i a t e d  w i t h  f l o t sam.  S t roud  (1965) f e l t  t h a t  s i n c e  
t h e  a r t i f i c i a l  h a b i t a t  p rov ides  food and she l te r ,  r e p r o d u c t i o n  w i l l  be 
enhanced r e s u l t i n g  i n  an i n c r e a s e  i n  p roduc t ion  and y i e l d  of f i s h e s .  A 
t h i r d  h y p o t h e s i s  d i s c u s s e d  by Carl is le  e t  a l .  (19641, Turner e t  a l .  (19691, 
and Dugas e t  a l .  (1979) combines bo th  v i ewpo in t s ;  f i s h e s  a r e  c o n c e n t r a t e d  
by r e c r u i t m e n t ,  and, a s  t h e  c o l o n i z a t i o n  p r o g r e s s e s  on t h e  s t r u c t u r e s ,  a 
reproducing  r e s i d e n t  f i s h  community may evolve.  Although t h i s  may hold 
t r u e  f o r  many of t h e  r e e f  f i s h e s ,  t h i s  h y p o t h e s i s  f a l l s  s h o r t  of account ing  
f o r  o v e r a l l  f i s h  a t t r a c t i o n  a s  evidenced p r i m a r i l y  f o r  such s p e c i e s  a s  t h e  
deeper  w a t e r  p e l a g i c  scombrids and b i l l f i s h e s .  

T h e  a t t r a c t i o n  of organisms t o  n i g h t  i l l u m i n a t i o n  from t h e  OTEC 
f a c i l i t y  a l s o  m u s t  be cons ide red .  Th i s  a t t r a c t i o n  t o  l i g h t  has  been used 
t o  h a r v e s t  Hawaiian n e a r s h o r e  f i s h  such a s  t h e  o p e l u ,  JJ_e~g~ttrgu 
magggpllgs, and a k u l e ,  Sgdgr mgg_esg~h&hfilggg (Yamaguchi 1953; Powell  1968). 
S e k i  (1983) n o t e s  t h a t  zooplankton  a r e  u s u a l l y  t h e  f i r s t  organisms t o  
appear around a n i g h t  l i g h t ,  fo l lowed by b a i t f i s h e s  ( A t h e r i n i d a e  and 
Clupeidae)  and a v a r i e t y  of o t h e r  forms: h a l f b e a k s  (Hemiramphidae), 
s q u i r r e l f i s h e s  ( H o l o c e n t r i d a e ) ,  b igeyes  ( P r i a c a n t h i d a e ) ,  and f i l e f i s h e s  
(Monacanthidae). 
w i l l  have on r e g i o n a l  f i s h  p o p u l a t i o n s  i s  no t  p r e s e n t l y  known. 
i n d i c a t e d  by Laevastu and Hayes (19811, every  s p e c i e s  has a p a r t i c u l a r  
optimum l i g h t  i n t e n s i t y  i n  which i t s  a c t i v i t y  i s  a t  a maximum. It i s  
probable  t h a t  t h e  i n t e n s i t y  of t h e  a r t i f i c i a l  l i g h t  would f a l l  w i t h i n  
optima of some s p e c i e s .  

How much of an e f f e c t  t h e  l i g h t s  from an OTEC f a c i l i t y  
As 

In  c o n t r a s t  t o  a t t r a c t i o n ,  OTEC p l a n t s  a c t u a l l y  may r e p e l  c e r t a i n  
spec ie s .  The Hawaiian menpachi (fdyxr~gisrig sp . )  f i s h e r y  i n  t h e  nea r shore  
w a t e r s  n o r t h  of Kahe Po in t  i s  based on t h e  movement of t h i s  n o c t u r n a l l y  
f eed ing  f i s h  i n t o  sha l low w a t e r s  on t h e  d a r k e s t  n i g h t s  of each month, 
acco rd ing  t o  t h e  phase of t h e  moon. U t i l i t y  l i g h t s  on an OTEC p l a n t  i n  
t h i s  a r e a  would i n t e r f e r e  w i t h  t h i s  m i g r a t i o n  and p o t e n t i a l l y  d i s r u p t  t h e  
menpachi f i s h e r y  l o c a l l y .  

Regarding avoidance t r a i t s  of marine b i o t a  t o  s t r u c t u r e s  and 
o p e r a t i o n s  i n  t h e  ocean, pub l i shed  in fo rma t ion  i s  v i r t u a l l y  n o n e x i s t e n t .  
Yuen (1981) i n d i c a t e d  t h a t  t h e  endangered and t h r e a t e n e d  s p e c i e s  would 
probably  avoid t h e  a r e a  due t o  human p resence  and t o  t h e  n o i s e  emi t t ed  from 
t h e  p l a n t .  Among t h e  few s t u d i e s  t h a t  a d d r e s s  avoidance  was one on t h e  
n e g a t i v e  p h o t o t a c t i c  behav io r  of f i s h .  Dragesund (1958) found t h a t  h e r r i n g  
would sometimes d i s p l a y  a shock response .  That i s ,  when t h e  l i g h t  was 
tu rned  o n ,  t h e  f i s h  would make a sudden upward movement towards t h e  l i g h t  
on ly  t o  l a t e r  d i s p e r s e  o r  school  and descend. 
avoidance, such as t h e  p h y s i c a l  s t r u c t u r e s ,  a r e  n o n e x i s t e n t  i n  pub l i shed  
l i t e r a t u r e .  F u t u r e  s t u d i e s  should  be d i r e c t e d  i n  t h i s  a r ea .  

S t u d i e s  on o t h e r  a s p e c t s  of 
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, 

Although p r e c i s e  p r e d i c t i o n s  of t h e  composi t ion  and e x t e n t  of f i s h  
communities a t t r a c t e d  t o  t h e  Kahe OTEC p l a n t  a r e  unwarranted, g e n e r a l  
biomass e s t i m a t e s  may be e x t r a p o l a t e d  from e x i s t i n g  d a t a .  
p r e s e n t s  a compendium of c a l c u l a t e d  f i s h  abundances i n  v a r i o u s  Hawaiian 
c o a s t a l  h a b i t a t s ,  and F igu re  5.1 summarizes t h e  components of a r t i f i c i a l  
h a b i t a t  t o  be c r e a t e d  by t h e  Kahe OTEC f a c i l i t y .  
average  r e e f  v a l u e  of 450 kg ha”, t h e  Kahe OTEC p l a n t  would be expec ted  
t o  suppor t  a t o t a l  biomass of rough ly  1,350 kg of r e e f  f i s h e s .  
of l o c a t i o n  and subs t r a tum c o n f i g u r a t i o n  ( i .e. ,  sheer w a l l  vs.  r i p r a p )  
r ende r s  these e x t r a p o l a t i o n s  somewhat tenuous ,  p a r t i c u l a r l y  s i n c e  f a c t o r s  
o t h e r  t h a n  h a b i t a t  may l i m i t  p o t e n t i a l  f i s h  p o p u l a t i o n s .  I n  a d d i t i o n ,  t h i s  
e s t i m a t e  does not i n c l u d e  bottom f i s h  p o p u l a t i o n s  l i k e l y  t o  congrega te  
around p i p e l i n e  s t r u c t u r e s  below 30 m. Most bottom f i s h  s p e c i e s  a re  found 
i n  t h e  90 t o  150 m depth r ange  (Brock 1983b). Surveys of o t h e r  Hawaiian 
o f f s h o r e  p i p e l i n e s  a t  similar d e p t h s  have enumerated l a r g e  q u a n t i t i e s  of 
t a a p e ,  hgi_amus lccsg~bg, a snapper  of i n c r e a s i n g  l o c a l  economic importance 
(Russo 1982).  

Table  5.1 

Using Brock’s (1954) 

V a r i a b i l i t y  

The  c o l o n i z a t i o n  of  t h e  new s t r u c t u r e s  by mar ine  communities can be 
expec ted  t o  a t t r a c t  t h e  i n t e r e s t  of f i shermen a l s o .  T h e  f i s h e r y  r e s o u r c e  
a t  t h e  LBCS w i l l  draw r e c r e a t i o n a l  f i shermen i n  b o a t s  a s  wel l  a s  on t h e  
shore.  . A t  OTEC-1, h a n d l i n e  f i shermen worked an a r e a  from a s  c l o s e  a8 200 m 
t o  over  1 km away from t h e  p l a t f o r m  w i t h  g r e a t  success .  During p l a n t  
c o n s t r u c t i o n ,  f i s h i n g  w i l l  p robably  be  l i m i t e d  w i t h i n  t h e  immediate a r e a  of 
t h e  p l a n t  s i t e  f o r  s a f e t y  r easons .  However, most of t h e  i n s h o r e  a r e a  w i l l  
s t i l l  be a v a i l a b l e ,  and t h e  more h e a v i l y  f i s h e d  a r e a  t o  t h e  n o r t h  of t h e  
s i t e  w i l l  not be a f f e c t e d .  As i n c r e a s i n g  numbers of f i shermen f r e q u e n t  the 

Table  5.1.--Summary of f i s h  s t a n d i n g  s t o c k s  observed  i n  v a r i o u s  
Oahu habitats.  By convent ion ,  s t a n d i n g  s t o c k s  of f i s h  are g i v e n  
p e r  area, r a t h e r  t h a n  p e r  volume. 

St anding  
Depth s t o c k s  

H a b i t a t  ( m) (g/m2) 

~~ 

References  

Sandy bo t  tom 0-1 00 4 McCain and Peck (1973) 
Coral r e e f  ( n a t u r a l )  0-3 0 45 McCain and Peck (1973) 
A r t i f i c i a l  r e e f  - 

A r t i f i c i a l  r e e f  - 

HECO i n t a k e / d i s c h a r g e  1-2 62 0 McCain and Peck (1973) 

c a r  b o d i e s  18-46 24 Kanayama and Onizuka (1973) 

c o n c r e t e  p i p e s  18-46 9 Kanayama and Onizuka (1973) 

... . . - ----- .. ~ _ _  
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A R T I F I C I A L  

H A B I T A T  

L B C S  WALLS A N D  R I P - R A P  

T R E S T L E  

C O V E R E D  P I P E  

E X P O S E D  P I P E  
C30m l o  300ml 

B O T T O M  F 
H A B I T A  

A P P R O X I M A T E  

D I M E N S I O N S  

3 0 m  x 3 0 0 m  

t o m  x S O O m  

30m x S O O m  

1 5 m  x lOOOm 

A P P R O X I M A T E  

A R E A  

10.000m 2 

5 0 0 0 m  * - R E E F '  

1S.000m 2 n 1 5 . 0 0 0 m  * 

F I S H  
I T A T  

Figure  5.1.--The OTEC a r t i f i c i a l  h a b i t a t  (from OTC 1984b). 
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area, i t  may be necessa ry  t o  e s t a b l i s h  r e g u l a r  p a t r o l s  by enforcement  
personnel  t o  p reven t  l i t t e r i n g  and i l l e g a l  f i s h i n g  methods. In  p a r t i c u l a r ,  
do lph in  are o f t e n  a t t r a c t e d  t o  h e a v i l y  f i s h e d  areas by t h e  o p p o r t u n i t y  t o  
s t e a l  b a i t  from t h e  f i s h i n g  l i n e s .  Fishermen have r e s o r t e d  t o  s h o o t i n g  t h e  
do lph ins  w i t h  r i f l e s ,  endanger ing  people  i n  t h e  a r e a  as  well as  v i o l a t i n g  
t h e  Marine Mammal P r o t e c t i o n  Act. Such i n c i d e n t s  have occur red  i n  
con junc t ion  w i t h  f i s h  a g g r e g a t i n g  d e v i c e s  (FAD'S) and t h e  deployment of  
OTEC-1 o f f  th-e I s l a n d  of Hawaii. 

The e f f e c t s  of  f i s h i n g  p r e s s u r e  on deve lop ing  communities around t h e  
p l a n t  cannot  be  a c c u r a t e l y  p r e d i c t e d .  A more d e t a i l e d  c o n s i d e r a t i o n  of t h e  
f i s h e r y  a s p e c t  of t h e  OTEC impact i s  p resen ted  i n  a l a t e r  s e c t i o n .  

5.2 Imr, ingement 

The warmwater i n t a k e  i s  des igned  t o  l i m i t  t h e  i n l e t  f low v e l o c i t y  t o  
(30 cm/s t o  minimize f i s h  en t r a inmen t  and impingement. As t h e  i duced f low 
v e l o c i t y  nea r  the i n l e t  d e c r e a s e s  r a p i d l y  from 30 t o  (10 cm s-' w i t h i n  a 
r a d i u s  of  approximate ly  10 m,  i n l e t - induced  f low v e l o c i t i e s  w i l l  n o t  exceed 
average am i e n t  t i d a l  c u r r e n t  ampl i tudes  (about  1 0  c m  s-l w i t h  peaks of 
20 cm s-') and should  n o t  i n c r e a s e  l o c a l  sediment  t r a n s p o r t  (Hove e t  a l .  
1982).  
e s t ab l i shmen t  of t u r b u l e n c e  o r  r e c i r c u l a t i o n  zones  i n  t h e  immediate 
v i c i n i t y .  

The i n l e t  w i l l  be  t a i l o r e d  hydrodynamical ly  t o  p reven t  t h e  

Impingement r a t e s  w i l l  depend on t h e  volume and speed of  t h e  i n t a k e  
w a t e r s  and t h e  abundance of an imals  l a r g e r  t h a n  t h e  mesh  s i z e  of t h e  i n t a k e  
sc reen  and t h e i r  a b i l i t y  t o  avoid  t h e  i n t a k e .  T h e i r  a b i l i t y  t o  avo id  t h e  
i n t a k e  depends on t h e i r  r h e o t a c t i c  behav io r ,  v i s u a l  p e r c e p t i o n  i n  low l i g h t  
environments ,  and swimming speed. The i r  swimming speed depends on s p e c i e s  
l i m i t a t i o n s  (form o r  hydrodynamics),  t empera tu re ,  and p h y s i c a l  c o n d i t i o n .  
The i r  c o n d i t i o n  depends upon n u t r i t i o n a l  s t a t e  and p resence  of d i s e a s e  o r  
i n j u r y .  Although n e i t h e r  abundance nor  avoidance  c a p a b i l i t y  are w e l l  
documented, r easonab le  estimates a re  p o s s i b l e .  F i s h ,  i n  g e n e r a l ,  can s w i m  
about  t h r e e  t o  s i x  body l e n g t h s  p e r  second and w i l l  avoid i n t a k e s  which are 
v i s i b l e  and i n  a h o r i z o n t a l  f low f i e l d  (Hocut t  and Edinger  1980) .  A t  
e s t ima ted  i n t a k e  v e l o c i t i e s  of 0.25 t o  0.30 m s-l ( s e e  S e c t i o n  5.91, it i s  
u n l i k e l y  t h a t  f i s h  ove r  10 cm long  w i l l  be  impinged and many smaller ones 
could probably  avoid  t h e  s c reens .  The minimum l e n g t h  of impinged f i s h  w i l l  
be several  times t h e  s c r e e n  m e s h  s i z e .  Thus most impinged an imals  w i l l  be  
i n  a s i z e  range  from 3 t o  20 cm. 

Informat ion  on organisms w i t h  l i m i t e d  avoidance  c a p a b i l i t i e s  b u t  l a r g e  
enough t o  be  impinged on t h e  p l a n t  i n t a k e  s c r e e n s  i s  ob ta ined  from midwater 
t rawl  c o l l e c t i o n s .  The des ign  i n t a k e  v e l o c i t y  f o r  t h e  p i  o t  p l a n t  i s  less  
than  t h e  towing speed of midwa te r  t rawls  (100-200 cm s-'); however, t h e  
s p e c i e s  and q u a n t i t i e s  of organisms which w i l l  be  impinged w i l l  p robably  
resemble t h o s e  caught  i n  midwater t r a w l s  (Nath e t  a l .  1977).  T h i s  i s  due 
t o  v e l o c i t y  be ing  less  s i g n i f i c a n t  t han  volume a s  a f a c t o r  i n  de t e rmin ing  
impingement r a t e s  (Edwards e t  a l .  1976; EPA 1976).  The re fo re ,  t h e  
organisms most a f f e c t e d  by impingement i n c l u d e  small e p i p e l a g i c  f i s h ,  
mesopelagic  f i s h ,  macroplanktonic  c r u s t a c e a n s  (penae id  and c a r i d e a n  
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shrimps, mysids, l a r g e  euphaus ids )  , and cephalopods.  Maynard e t  a l .  (1975) 
r e p o r t e d  t h e  av r a g e  micronekton w e t  weight biomass o f f  Waianae t o  be 0.27 
and 5.4 mg m-' i n  t h e  upper 400 m du r ing  t h e  day and n i g h t ,  r e s p e c t i v e l y .  
O t h e r  i v e r t e b r a t e s ,  p r i m a r i l y  g e l a  inous  organisms,  c o n t r i b u t e d  0.57 
mg m-' (dayt ime)  and 0.86 mg m-' ( n i g h t t i m e )  t o  w a t e r  column biomass 
above 400 m. 

Another sou rce  of i n fo rma t ion  p e r t i n e n t  t o  e s t i m a t e s  of impingement 
Table i s  t h e  5-yr survey of impingement a t  t h e  Kahe g e n e r a t i n g  s t a t i o n .  

5.2 p r e s e n t s  a compi l a t ion  of s i z e ,  weight ,  and f r equency  s t a t i s t i c s  
f o r  t h e  dominant f i s h e s  and i n v e r t e b r a t e s  encountered  d u r i n g  t h e  sampling 
program. T h e  HE1 survey r e p o r t s  t h a t  over  85% by number and 63% by weight 
of organism impingement occur red  a t  n i g h t  o r  d u r i n g  t h e  e a r l y  morning hours.  
I n v e r t e b r a t e s  (55 s p e c i e s )  accounted f o r  52.7% of t h e  number of i n d i v i d u a l s  
bu t  on ly  comprised 14.1% of t h e  impinged biomass. I n  a l l ,  165 s p e c i e s  of 
f i s h e s  ave rag ing  7.1 cm long  and 12.4 g w e t  weight  were r e p o r t e d .  The  mean 
w e t  weight  of impinged i n v e r t e b r a t e s  was 3.0 g. E x t r a p o l a t e d  annual  
impingement estimates f o r  t h e  years from 1977 t o  1982 a r e  p r e s e n t e d  i n  
Table  5.3. It should be noted t h a t  d a t a  f o r  1981 are u n r e l i a b l e  due t o  
sampling b i a s e s  and 1982 estimates a r e  cons ide red  r e a s o n a b l e  approximat ions  
of p r e s e n t  impingement ra tes .  

Results of t r a w l  and i n t a k e  surveys sugges t  t h a t  f i s h e s  c o n t r i b u t e  t h e  
m a j o r i t y  of impinged biomass. Furthermore s t u d i e s  have i n d i c a t e d  t h a t  
j u v e n i l e  ( p o s t l a r v a l )  s t a g e s  of f i s h  a r e  g e n e r a l l y  most v u l n e r a b l e  t o  
impingement (Grimes 1975; Chow e t  a l .  1981; Coles and Fukuda 1984) .  The  
swimming speed of an organism de te rmines  whether o r  no t  i t  w i l l  e scape  
impingement o r  en t ra inment  once i n  t h e  v i c i n i t y  of an i n t a k e .  P e l a g i c  eggs 
and l a r v a e  of marine f i s h  d r i f t  p a s s i v e l y  i n  t h e  ocean w i t h i n  t h e  zooplank- 
t o n  community. E a r l y  l a r v a l  s t a g e s  u t i l i z e  swimming on ly  t o  c a p t u r e  p rey ,  
e scape  p r e d a t i o n  o r  m i g r a t e  v e r t i c a l l y .  In  g e n e r a l ,  s u s t a i n e d  swimming 
speeds  of  f i s h  l a r v a e  f a l l  i n t o  a range  of two t o  f o u r  body l e n g t h s  pe r  
second f o r  l a r v a e  i n  advanced development o r  f o r  j u v e n i l e s  (Ba inbr idge  
1960; B l a x t e r  1969). Table  5.4 l i s t s  r e p r e s e n t a t i v e  s p e c i e s ,  i n c l u d i n g  
a few f r e s h w a t e r  s p e c i e s ,  f o r  i n d i v i d u a l s  up  t o  6 cm long. For most 
f i s h e s ,  r e l a t i v e  speeds  d e c r e a s e  a s  s i z e  i n c r e a s e s  above t h a t  shown i n  
Table  5.4, and a b s o l u t e  speed i n c r e a s e s  a s  s i z e  i n c r e a s e s .  

Swimming a b i l i t y  i s  a f u n c t i o n  of morphology, s t a g e  of development,  
l e n g t h ,  ambient t empera tu re  and l i g h t ,  and t h e  d u r a t i o n  r e q u i r e d  f o r  t h e  
performance (Larimore and Duever 1968; Pavlov e t  a l .  1968; Tsukamoto e t  a l .  
1975; Hartwell and Ot to  1978; H u n t e r  and Kimbre l l  1980). 
f a c t o r s  and t h e  t y p e s  of s p e c i e s  l i k e l y  t o  be near t h e  OTEC p l a n t  s i t e  i s  
necessa ry  t o  p r e d i c t  t h e  p o t e n t i a l  of t h e  l a r v a e  and j u v e n i l e s  t o  escape  
i n t a k e  c u r r e n t s .  

Knowledge of t h e s e  

Morphologica l ly ,  t h e  f a s t e s t  s p e c i e s  have a high a s p e c t  r a t i o  of t h e  
caudal  f i n  ( r a t i o  of t h e  squa re  of t h e  cauda l  f i n  depth  t o  t h e  s u r f a c e  
a r e a )  ( L i g h t h i l l  1970).  Spec ie s  w i t h  high a s p e c t  a r e  t h o s e  w i t h  t h e  
carangi form (e.g., Carangidae,  Clupeidae ,  Pomatomoidae) and thunni form 
(e.g., Scombridae, I s t i o p h o r i d a e ,  Z i p h i i d a e ,  S t roma te idae )  swimming motion. 
Angui l l i form swimmers (e.g., A n g u i l l i d a e ,  P l e u r o n e c t i f o r m e s ) ,  subcarangi form 
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Table 5.2.--Predominant nekton caught  d u r i n g  Kahe impingement sampling 
( Janua ry  1977-March 1983).  

Pe rcen t  Per c e n t  Pe r c e n t  

number we igh t  of l e n g t h  weight  
of t o t a l  of t o t a l  f requency Mean Mean 

Spec ies  impinged impinged impinged impingement (cm) (gm) 

Fish 

Acanthurus t r i o s t e g u s  2.7 
Apogon s n y d e r i  1 .5  
Aulostomus c h i n e n s i s  1.2 
Belone p l a t y u r a  2.6 
Bothus mancus 3.0 
C a n t h i g a s t e r  j a c t a t o r  3.1 
Dactyloptena o r i e n t a l i s  
Kuhlia  s a n d v i c e n s i s  

1 .2  
1.1 

- Naso u n i c o r n i s  1.9 
Pervagor spilosoma 4.3 
Pranesus insularum 2.8 
S a r d i n e l l a  marquesensis  2 .8  
Sarotherodon mossambicus 7.6 

Iwertebrates 

A b r a l i a  t r i g o n u r a  
A u r e l i a  l a b i a t a  

1.8 
1.1 

Brachycarpus b i u n g u i c u l a t u s  1.2 
~~ 

Charybdea a l a t a  7.5 
Charyb i s  haw a i e n s  is  1.8 
P a r r i b a c u s  a n t a r c t i c u s  2.7 
Penaeus marg ina tus  4.5 
S c y l l a r i d e s  squammosus 1.6 
S q u i l l a  o r a t o r i a  (zoea)  24.4 

2.8 
0.6 
1.6 
3 .2  
0.5 
1.8 
0.8 
1.6 
2.0 
6.3 
2.4 

10.0 
11.5 

0.9 
1 .9  
0.3 
6.5 
2.0 
4.7 
0.3 
1.6 
0.6 

55.2 
39.7 
59.5 
27.6 
50.9 
75.9 
31.0 
39.7 
42.2 
72.4 
56.9 
19.0 
18.1 

20.7 
34.5 
54.3 
37.9 
56.9 
49.2 
36.2 
39.7 
36.2 

3.3 
4.3 

16 .1  
36.5 

3.4 
3.7 
5 . 2  
5.7 
6.1 
5.9 
7.8 

11.3 
6.0 

6.3 
2.4 
7.9 

71.3 
0.9 
3.4 
3.9 
8.6 
6.2 
8.5 
5 .O 

20.4 
8.8 

2.9 
9.8 
1.5 
5 .1  
6.5 

10.3 
0.4 
6.0 
0.1 

swimmers (e. g. . Gadiformes, Salmonidae) . or  o s t r a c i i f o r m  swimmers (e. g. 
O s t r a c i i d a e ,  Te t r aodon t idae .  Lophi i formes)  have a l o w  caudal  f i n  a s p e c t  
r a t i o  and are  r e l a t i v e l y  slaw. 

Among t h e  f a s t e s t  b u r s t  swimmers are y e l l o w f i n  tuna.  which as a d u l t s  
can s w i m  27 body l e n g t h  s-l f o r  5 s (Walters and F i e r s t i n e  1964).  
l a r v a e  do not  have s t r o n g  s u s t a i n e d  swimming a b i l i t y .  they p o s s e s s  
impress ive  d a r t i n g  o r  b u r s t  speeds  r e l a t i v e  t o  t h e i r  s i z e .  
s u g g e s t s  b u r s t s  of 10 body l e n g t h s  s-' which, f o r  most larvae (up t o  

Although 

B l a x t e r  (1969) 
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Table  5.3.--Extrapolated 1-year impingement estimates f o r  t h e  Kahe 
Genera t ing  S t a t i o n ,  1977-82. 

C i r c u l a t i n g  
No. of G e n e r a t i n g  water flow 

Year Impinged Weight u n i t s  c a p a c i t y ,  MW rate (m3x106/day) 

1977 29,941 163 kg (359 l b )  5 497 
1978 43,758 161 kg (356 l b )  5 497 
1979 51,049 388 kg (856 l b )  5 497 
1980 61,122 225 kg (496 l b )  5 497 
1981 18,976 208 kg  (459 l b )  6 63 8 
1982 125,279 1,237 kg (2,728 l b )  6 63 8 

2.44 
2.44 
2.44 
2.44 
3.26 
3.26 

25 mm),  would l i m i t  t h e i r  speed t o  l e s s  t h a n  t h e  0.25-0.30 m s -1 
sugges ted  a s  t y p i c a l  of OTEC p l a n t  warmwater i n t a k e  v e l o c i t y  ( S e c t i o n  5.9). 
Scombrid l a r v a e  have not been measured f o r  b u r s t  swimmin performance, bu t  
P a c i f i c  mackerel  up t o  3.6 cm long  swam up t o  26 cm s ', coun t ing  t i m e  
s p e n t  i n  rest and f eed ing  ( H u n t e r  1981). 

- 

Trawl and i n t a k e  survey  d a t a  may be used t o  d e r i  e e s t ' m a t e s  of OTEC 
impingement. Using a warmwater i n t a k e  flow of 75.6 m' s-* (OTC 1984a1, 
e x t r a p o l a t i o n  of average  d a i l y  H E 1  impingement of 1.04 mg m-3 y i e l d s  an 
OTEC warmwater i n t a k e  impingement r a t e  of 6.79 kg d". 
e x t r a p o l a t i o n  of t rawl-der ived  biomass e s t i m a t e s  r e su l t  i n  an e s t i m a t e  of 
23.19 kg d-!. However, there  a r e  s i g n i f i c a n t  i n a c c u r a c i e s  i n h e r e n t  i n  
each of these e s t i m a t e s .  Loca t ion  i n t a k e  v e l o c i t y ,  and i n t a k e  d e s i g n  of 
t h e  Kahe g e n e r a t i n g  s t a t i o n  a l l  d i f f e r  from t h o s e  of t h e  Kahe OTEC 
f a c i l i t y .  Trawl s t u d i e s  were conducted ove r  deep w a t e r ,  s u b s t a n t i a l l y  
o f f s h o r e  of t h e  LBCS l o c a t i o n .  I n  a d d i t i o n ,  no a l lowance  has been made f o r  
t h e  c o n c e n t r a t i n g  and a t t r a c t i v e  i n f l u e n c e  of t h e  LBCS s t r u c t u r e  and 
l i g h t s .  Consequently t h e  e s t i m a t e d  biomass f i g u r e s  m u s t  be viewed a s  lower 
ranges  o n l y ;  i n s u f f i c i e n t  d a t a  e x i s t  t o  e s t i m a t e  t h e  i n f l u e n c e  of t h e  
c o n c e n t r a t i n g  f a c t o r s  on ambient biomass. 

S i m i l a r  

A s  t h e  des ign  p r e s e n t l y  s t a n d s ,  t h e  cold-water i n t a k e  i s  no t  s c r  ened. 
Although des igned  t o  deve lop  ave rage  i n t a k e  v e l o c i t i e s  of 0.55 m s-', t h e  
i n t a k e  s t r u c t u r e  may g e n e r a t e  l o c a l  c u r r e n t  f i e l d s  of roughly  t w i c e  t h a t  
v e l o c i t y  (Rudavsky e t  a l .  1984).  Given an a p e r t u r e  w i d t h  of 3.5 m,  t h e  
p o s s i b i l i t y  of en t ra inment  of l a r g e  organisms e x i s t s ,  d e s p i t e  t h e  
d i sp lacement  of t h e  i n t a k e  a p e r t u r e  16 m above t h e  bottom. Although 
r e l i a b l e  assessments  of b a t h y a l  macrofauna of t h a t  depth  range  do not e x i s t ,  
S t r u h s a k e r  (1973) r e p o r t e d  f i s h  c a t c h e s  from seven bottom t r a w l  h a u l s  which 
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Table 5.4.--Sustained swimming speeds of some l a r v a l  and j u v e n i l e  f i s h  
s p e c i e s  (adapted from Marcy e t  a l .  1980). 

Length Speed Temp. Time Body l e n g t h s  
Spec ies  (mm) (lllm/S) ("C) main ta ined  p e r  second Author 

European 
p l a i c e  

Whi t e f i sh  

Common 
roach 

Common bream 

Carp 

Horse 
mackerel 

Mullet  

Mullet  

White bream 

A t l a n t i c  
h e r r i n g  

A t l a n t i c  
h e r r i n g  

Sole  

Bleak 

Smallmouth 
bass  

7.5 
9.5 

10-12 

35-45 

45-55 

5 0-60 

3 0-40 

35-45 

45-55 

18-26 

6.5-8 

12-14 

4 

0.26 g 
(wet wt) 

22 

12 
27 

16 
29 

13 8 

126 

129 

13 6 

128 

156 

330 

5.8 

10 

6-9 

29.8 

6.5-7 -5 
6.5-7.5 

4 
16 

? 

? 

? 

? 

? 

? 

? 

? (14) 

9-1 0 

15 

20 

146-3 12 20-35 

A f e w  s 
A few s 

? 
? 

1 min 

1 min 

1 min 

1 min 

1 min 

1 min 

? 

45 min 

60 min 

Long p e r i o d s  
i n t e r m i t t e n t  

swimming 

3 min 

-- 
-- 

1.6 
2.4 

3.1-3.9 

2.3-2.8 

2.1-2.6 

3.4-4.5 

2.8-3.6 

2.8-3.5 

12.7-18.3 

0.7-0.9 

0.7-0.8 

1.5-2.2 

-- 

6.6-14.2 

Ryland 
(1963) 

Braum 
(1964) 

A s 1  an ova 
quoted by 
Radokov 
(1964) 

Radokov 
(1964) 

B i s h a i  
(1960) 

Blaxter 
(1966) 

Ro sen  t h a l  
(1966) 

Iv l  ev 
(1960) 

La rimor e 
and 
Duever 
(1968) 
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Table 5.4 (Continued) 

Length Speed Temp. T i m e  Body l e n g t h s  
Spec ie s  (mm) ( d S >  ("C) main ta ined  p e r  second Author 

Y e l l o w  perch  

Walleye 

Lake 
w h i t e f i s h  

6.5 

7.5 
8.5 
9.5 
10.5 
13.5 

7.5 
8.5 
9.5 
10.5 
11.5 
13.5 
14.5 

15.2 
15.8 
19.7 
21.3 
28.8 

5.5 

14.0 
24.0 
27.5 
32.0 
46.0 

5.0 
13 .O 
29.0 
32.0 
37.5 
42.0 
46.0 

35 
58 
71 
76 
115 

13 60 min 

13 60 min 
13 60 min 
13 60 min 
13 60 min 
13 60 min 

13 60 min 
13 60 min 
13 60 min 
13 60 min 
13 60 min 
13 60 min 
13 60 min 

7.5 1 
11.5 1 min 
11.5 1 min 
14.5 1 min 
14.5 1 min 

0.8 Houde 

1.9 
2.8 
2.9 
3.0 
3.4 

(1969) 

0.7 
1.5 
3 .O 
3 .O 
3.3 
3.1 
3.2 

Houde 
(1969) 

2.4 Hoagman 
3.7 (197 4) 
3.6 
3.5 
4.0 

included s e v e r a l  s p e c i e s  of macrourids .  Also caught  were a number of 
s p e c i e s  known o r  suspec ted  t o  be bottom a s s o c i a t e d ,  a s  w e l l  a s  s e v e r a l  
r e p r e s e n t a t i v e s  of g e n e r a l l y  p e l a g i c  f a m i l i e s .  Add i t iona l  ev idence  of deep 
ben th ic  fauna  which may be s u s c e p t i b l e  t o  en t r a inmen t  a t  t h e  cold-water  
i n t a k e  comes from t r a p  d a t a  r e p o r t e d  by Clarke  (1972a,  1972b) .  T h e  pandal id  
shr imps,  Ilgtllpcarws hgyigg&ag, and 5. gsgifel, a r e  abundant around 800 m 
a t  n i g h t .  These shrimps posses s  well-developed p leopods ,  and a r e  capable  of 
s t r o n g  swimming, bu t  whether they  mig ra t e  o f f  t h e  bottom i s  p r e s e n t l y  
unknown. However, l a r g e  r a y s  a r e  known t o  be  p r e s e n t  a t  s i m i l a r  dep ths  
(Gooding pe r s .  commun.) and may o c c a s i o n a l l y  be e n t r a i n e d  w i t h  t h e  co ld  
water .  

In  t h e  absence of d e f i n i t i v e  informat ion  on d e n s i t i e s  o r  v e r t i c a l  
d i s t r i b u t i o n  of e i t he r  deepwater  micronekton o r  macrofauna, e s t i m a t i o n  of 
r a t e s  o r  q u a n t i t i e s  of t h e i r  p o t e n t i a l  entrapment  i s  imposs ib le .  
Never the less ,  i n  t h e  f a c e  of p o t e n t i a l  maintenance problems due t o  t h e i r  
en t ra inment  i t  i s  s u r p r i s i n g  t h a t  some p r o v i s i o n  f o r  t h e i r  i n t e r c e p t i o n  has  
not  been made. 
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5.3 Entrainment 

Small  marine organisms w i l l  be withdrawn from t h e  w a t e r  column and 
e n t r a i n e d  i n  t h e  seawater  which f lows  through t h e  h e a t  exchangers.  T h e  
e n t r a i n e d  organisms a t  t h e  warmwater i n t a k e  w i l l  be s u b j e c t e d  t o  
t empera tu re  change, c h l o r i n e ,  and t h e  p h y s i c a l  abuse  ( a c c e l e r a t i o n ,  
impact ion ,  shea r  f o r c e s ,  and a b r a s i o n )  a s s o c i a t e d  w i t h  passage  through t h e  
p l a n t .  Although m o r t a l i t y  r a t e s  f o r  organisms e n t r a i n e d  a t  t h e  warmwater 
i n t a k e  a r e  expec ted  t o  be  h igh ,  s u r v i v a l  a f t e r  d i s c h a r g e  i s  p o s s i b l e  
(Bienfang and Johnson 1980).  
w i l l  be exposed t o  p h y s i c a l  abuse ,  a t empera tu re  change of approximate ly  
20°C, and a p r e s s u r e  change of n e a r l y  100 atm, a l l  w i t h i n  a r e l a t i v e l y  
s h o r t  time. Organisms e n t r a i n e d  a t  t h e  cold-water i n t a k e  probably  w i l l  
s u f f e r  100% m o r t a l i t y .  I f  organisms s u r v i v e  t o  t h e  d i s c h a r g e ,  t h e y  w i l l  be 
exposed t o  i n c r e a s e d  t u r b i d i t y ,  dec reased  l i g h t  l e v e l s ,  and p r e d a t i o n .  

Organisms e n t r a i n e d  a t  t h e  cold-water i n t a k e  

I 

T h e  c a t e g o r i e s  of organisms s u s c e p t i b l e  t o  en t r a inmen t  i n c l u d e  
phytoplankton ,  microzooplankton, macrozooplankton, i ch thyop lank ton ,  and 
some micronekton. P lankton  en t r a inmen t  r a t e s  a r e  a f u n c t i o n  of p lankton  
d e n s i t y  and t h e  r a t e  of wa te r  i n t a k e .  Although t h e  i n t a k e  r a t e  can be 
p r e d i c t e d  and in fo rma t ion  on average  d e n s i t y  of  v a r i o u s  p l a n k t o n i c  groups 
i s  a v a i l a b l e ,  t h e i r  v e r t i c a l  s t r a t i f i c a t i o n  i s ,  i n  many c a s e s ,  no t  c l e a r l y  
documented. Those m o t i l e  organisms which a g g r e g a t e  a t  p a r t i c u l a r  dep ths  
may be e n t r a i n e d  a t  r a t e s  v a s t l y  d i f f e r e n t  t han  p r e d i c t e d  from t h e i r  
average d e n s i t y  i n  t h e  mixed l a y e r .  I n  a d d i t i o n ,  t h e  s y n e r g i s t i c  e f f e c t  of 
c o n c e n t r a t i o n  of  organisms due t h e  OTEC s t r u c t u r e  and l i g h t s  w i l l  r e su l t  i n  
h ighe r  en t r a inmen t  r a t e s .  T h i s  l a t t e r  f a c t o r  i s  p a r t i c u l a r l y  d i f f i c u l t  t o  
a s s e s s  i n  t h e  absence  of a comparable f a c i l i t y  t o  u s e  a s  a r e f e r e n c e .  

The 40-MWe OTEC Environmental  Assessment (OTC 1985) has  e s t i m a t e d  
biomass l o s s e s  f o r  t h e  p l ank ton  and micronekton communities u s i n g  t h e  
formula : 

Biomass I n t a k e  Na t u r  a1  Concen t r a t  ion  E f f i c i e n c y  
l o s s  ra te  = volume x s t a n d i n g  x f a c t o r  due t o  x of 

flow ra te  s t o c k  due t o  O T E C  c a p t u r e  
c o n c e n t r a t i o n  p resence  

Data from t h e  common-base envi ronmenta l  s t u d y  (Bienfang  1983) were used f o r  
n a t u r a l  s t a n d i n g  s t o c k  v a l u e s .  W i t h  t h e  e x c e p t i o n  of i ch thyop lank ton  and 
micronekton, no c o n c e n t r a t i o n  was p r o j e c t e d  f o r  p l ank ton  organisms. T h e  
c o n c e n t r a t i o n  f a c t o r s  f o r  t h e  i ch thyop lank ton  and micronekton were based on 
l o c a l l y  observed f i s h  a t t r a c t i o n  d a t a  (summarized i n  Table  5.1). T h e  
n a t u r a l  r e e f  v a l u e  (0.045 kg wet weight m'2> was d i v i d e d  by t h e  open sand 
h a b i t a t  v a l u e  (0.004 kg w e t  weight  rn-2) t o  d e r i v e  a f a c t o r  of 11. 
i n f e r r e d  s t a t i s t i c s  a r e  s u b j e c t  t o  s u b s t a n t i a l  e r r o r ,  bu t  i n  t h e  absence of 
more d e t a i l e d  in fo rma t ion  they  represent t h e  b e s t  a v a i l a b l e  e s t i m a t e  of 
p o t e n t i a l  organism a t t r a c t i o n  r a t e s  ( s e e  S e c t i o n  5.1). Capture 
e f f i c i e n c y ,  ( i . e . ,  t h e  measure of an o rgan i sm ' s  a b i l i t y  t o  avoid  i n g e s t i o n  
w h i l e  i n  t h e  immediate v i c i n i t y  of t h e  i n t a k e )  was a s s igned  a v a l u e  of 
u n i t y  f o r  a l l  groups. 
micronekton i n  p a r t i c u l a r  may be capab le  of avo id ing  t h e  i n t a k e  ( s e e  

Such 

T h i s  i s  a c o n s e r v a t i v e  approach ,  s i n c e  l a r g e  
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Sec t ion  5 . 2 ) .  Summarized p l ank ton  and micronekton biomass l o s s  e s t i m a t e s  
a r e  g iven  i n  Table  5 . 5 .  

Although t h e  common base  d a t a  on which these estimates a r e  based  
a r e  r e l i a b l e ,  o t h e r  s t u d i e s  have po in ted  o u t  t h e  high v a r i a b i l i t y  i n  
b i o l o g i c a l  oceanography o f f  Kahe P o i n t  (e.g., Noda e t  a l .  1981).  
a l though these e s t i m a t e s  a r e  u s e f u l  f o r  g e n e r a l  pu rposes  of impact 
c a l c u l a t i o n s ,  biomass l o s s e s  a r e  more a p p r o p r i a t e l y  framed i n  a r a n g e  of 
v a l u e s  encompassing e f f e c t s  of envi ronmenta l  v a r i a b i l i t y .  In  t h i s  c o n t e x t ,  
phytoplankton  e t r a inmen t  a t  t h e  warmwater i n t a k e  probably  r anges  from 50 
t o  430 kgC d- , and micro- and macrozooplankton w i l l  each b e  e n t r a i n e d  a t  
a r a t e  of from 10 t o  17 kgC d-l  (Myers e t  a l .  i n  press). 

Thus, 

!i! 

Entrainment-induced m o r t a l i t y  of i ch thyop lank ton  may r e s u l t  i n  a 
l a r g e r  impact on l o c a l  f i s h  p o p u l a t i o n s  t h a n  t h a t  due t o  d i r e c t  impingement 
of l a t e r  s t a g e  j u v e n i l e  o r  a d u l t  f i s h .  For t h i s  r e a s o n ,  i ch thyop lank ton  
d i s t r i b u t i o n  and m o r t a l i t y  r a t e s  have been i d e n t i f i e d  by NOAA a s  primary 
unknowns r e q u i r i n g  a t t e n t i o n  f o r  t h e  OTEC EIS. P r e l i m i n a r y  d a t a  on OTEC 
e f f e c t s  on l a r v a l  and j u v e n i l e  f i s h  have been g a t h e r e d  (Lamadrid-Rose and 
Boehler t  19861, and d e t a i l e d  su rveys  of i ch thyop lank ton  d i s t r i b u t i o n  a r e  
planned f o r  t h e  nea r  f u t u r e .  
e s t i m a t e s  of biomass l o s s e s  t o  en t r a inmen t  and impingement as d e s c r i b e d  
h e r e i n  w i l l  be used f o r  f u r t h e r  impact c a l c u l a t i o n s  ( s e e  S e c t i o n  5.9). 

U n t i l  more complete d a t a  a r e  a v a i l a b l e ,  

The s t a n d i n g  s t o c k s  of organisms i n  t h e  deep w a t e r s  su r round ing  the 
cold-water i n t a k e  a r e  dominated by t h e  s m a l l  v e r t e b r a t e s  and i n v e r t e b r a t e s  
of t h e  micronekton community. Macronekton s t o c k s  a r e  s p a r s e  i n  comparison 
t o  t h e  micronekton. 
f e e d  n e a r  t h e  s u r f a c e  a t  n i g h t  and m i g r a t e  t o  deepe r  d e p t h s  d u r i n g  t h e  day; 
they  a r e  p a r t  of t h e  deep s c a t t e r i n g  l a y e r  (Maynard e t  a l .  1975). 
i n d i v i d u a l s  w i l l  be drawn i n t o  t h e  i n t a k e  and pumped through t h e  p l a n t .  

Many, i f  no t  most, micronekton found a t  t h i s  depth  

T h e s e  

Table 5.5.--Estimates of biomass loss by both impingement and entrainment a t  warm and 
col  d-w a ter intakes.  

OTEC 
Flow rate Natural  concentrat ion Capture 

f a c t o r  e f f ic iency  Intake r a t e  Intake Taxa (m3/day) s tanding s tock 

Warmwater Phytoplankton 6.4 x l o6  10.0 mg C/m3 1.0 1.0 64 kg C/day 
Microzooplankton 0.2 mg ~ / m 3  1 .o 1 .O 1.3 kg C/day 
Macroz ooplankt on 1.0 mg c/m3 1.0 1.0 6.4 kg C$day 
Ich thyoplankt on 0.15-0.12 1.1 IO - 8.4 lo7 

Micronekton 6.0 mg wet wt /n?  11.0 
individuals/m3 11 .o 1.0 individuals/dey 

422 kg w e t  wt/day 1 .o 

Cold-water Micronekton 7.8 x 106 3.75 mg wet wt/m3 1.0 1.0 30 kg w e t  wt/day 
Gelatinous 

1.0 1.0 5.0 kg w e t  wt/day plankton 0.6 mg wet wt /m3 
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Es t ima tes  of o v e r a l l  micronekton d e n s i t y  i n  t h e  depth  r ange  of t h e  
cold-water i n t a k e  a r e  r a t h e r  s p a r s e  ( C l a r k e  1983). Micronekton l o s s e s  a t  
the  cold-water i n t a k e  were e s t i m a t e d  based on s t a n d i n g  s t o c k s  r e p o r t e d  by 
Maynard e t  a l .  (1975). 
behavior  of mesopelagic micronekton (C la rke  1972b, 1978, 1980, 19821, t h e i r  
e f f i c i e n c y  of c a p t u r e  was assumed t o  be  equa l  t o  one. 

S i n c e  there  i s  l i t t l e  i n f o r m a t i o n  about  t h e  

The  e s t i m a t e d  d a i l y  l o s s  of micronekton biomass by en t r a inmen t  a t  t h e  
cold-water i n t a k e  was 30 kg w e t  weight per day ( T a b l e  5.5). S i m i l a r  
c a l c u l a t i o n s  sugges t  t h a t  an a d d i t i o n a l  5 kg wet weight p e r  day of 
mesopelagic g e l a t i n o u s  zooplankton w i l l  be l o s t .  Because t h e  micronekton 
a r e  d e l i c a t e  s p e c i e s  100% m o r t a l i t y  of impinged o r  e n t r a i n e d  biomass i s  
expected. 

Begions of Impact--The e c o l o g i c a l  impact of in take- induced  m o r t a l i t y  

P r e l i m i n a r y  
was a s ses sed  by e s t i m a t i n g  t h e  r e g i o n  of impact and t h e  deg ree  of 
p e r t u r b a t i o n  of p o p u l a t i o n s  found w i t h i n  t h i s  r eg ion .  
e s t i m a t e s  of t h e  r e g i o n s  of i n f l u e n c e  due t o  t h e  i n t a k e s  were d e r i v e d  from 
OTC (1985).  The  dimensions a r e :  

-- Region --- 
Warmwater i n t a k e  
Cold-water i n t a k e  

16 2 Var ie s  
5.6 0.7 150 

T h e  o u t e r  boundary of t h e  warmwater i n t a k e  r e g i o n  d e s c r i b e d  above i s  t h e  
l o c a t i o n  w h e r e  any p a r c e l  of w a t e r  o r  f r e e - f l o a t i n g  organism has 4% 
p r o b a b i l i t y  of e n t e r i n g  t h e  i n t a k e .  The  volume of t h i s  r e g i o n  i s  de f ined  
a s  a l l  t h e  wa te r  on the s h e l f  w i t h i n  the  a r e a  boundary. 
v a r i e s  w i t h  depth  but  ave rages  approximate ly  30 m. Determina t ion  of t h e  1% 
l i m i t  r e q u i r e d  c o n s i d e r a t i o n  of  t i d a l l y  d r i v e n  longshore  c u r r e n t s ,  n e t  wind 
d r i f t ,  and t u r b u l e n t  d i s p e r s i o n .  Longshore c u r r e n t s  are  t y p i c a l l y  
semid iu rna l  and r e v e r s e  d i r e c t i o n  every  6 h .  Such t i d a l  " s losh ing"  i s  t h e  
p r i n c i p a l  cause  of t h e  l ongshore  e x t e n s i o n  of t h e  r e g i o n  of impact. A t  t h e  
assumed mean d r i f t  of 5 cm s-l (OTC 19851, t h e  maximum r e s i d e n c e  t i m e  
of a w a t e r  p a r c e l  pas s ing  through t h e  impact r e g i o n  i s  about 4 d ,  which i s  
t h e  time r e q u i r e d  f o r  n e t  d r i f t  t o  advec t  t h e  p a r c e l  16 km a longshore .  

The t h i c k n e s s  

T h e  r e g i o n  of impact f o r  t h e  cold-water i n t a k e  i s  de te rmined  by t h e  
combined e f f e c t s  of t h e  volume flow r a t e  a t  t h e  i n t a k e  and ambient 
advec t ion  and d i s p e r s i o n  (see OTC 1985:Appendix A.1). C a l c u l a t i o n s  of t h e  
r e g i o n  boundar ies  a s  d e s c r i b e d  above a l s o  assumed t h a t  a p a s s i v e  organism 
o u t s i d e  t h i s  r e g i o n  has <1% chance of e n t e r i n g  t h e  i n t a k e .  P r o b a b i l i t y  of 
c a p t u r e  w i t h i n  t h i s  r e g i o n  i n c r e a s e s  w i t h  p rox imi ty  t o  t h e  i n t a k e .  

I n  a s s e s s i n g  t h e  e c o l o g i c a l  impact of biomass l o s s  caused by t h e  
warmwater i n t a k e ,  f r e e - f l o a t i n g  o r  p l a n k t o n i c  organisms a r e  d i s t i n g u i s h e d  
from mobi le  nek ton ic  and b e n t h i c  organisms. 

Warmwater In t ake :  Impact Plankton--Assessment of t h e  impact of 
l o s s e s  i n  p l a n k t o n i c  biomass due t o  the warmwater i n t a k e  r e q u i r e s  
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c o n s i d e r i n g  l o c a l  impacts t o  p o p u l a t i o n s  i n  t h e  r e g i o n  of impact,  and t h e  
impact t h a t  l o c a l  e f f e c t s  have upon t h e  t o t a l  p o p u l a t i o n  of a s p e c i e s .  
i n d i c a t e d  above, t h e  volume of w a t e r  w i t h i n  t h e  r e g i o n  of impact f o r  t h e  
warmwater i n t a k e  i s  about 1 km3. The LBCS withdraws about 1% of  t h i s  
volume of  c o a s t a l  water each day. Thus, i f  t h e  p l ank ton  are randomly 
d i s t r i b u t e d  w i t h i n  t h i s  r e g i o n  of impact,  1% of t h e m  w i l l  be l o s t  d a i l y  by 
en t ra inment .  T h i s  l o s s  w i l l  o c c u r  over  t h e  4 d r e s i d e n c e  time of a water 
p a r c e l  i n  t h e  impact r eg ion .  Dai ly  n a t u r a l  m o r t a l i t y  rates have been 
e s t i m a t e d  t o  range  from 7 t o  10% f o r  t h e  phytoplankton  (Eppley e t  a l .  
19731, 3 t o  10% f o r  t h e  microzooplankton (Heinbokel 1978) and 1 t o  7% f o r  
t h e  macrozooplankton (Kremer and Nixon 1978). 
t o  t h e  p l a n t  (Sek i  19831, these p r e d i c t e d  m o r t a l i t i e s  w i l l  i n c r e a s e  by an 
u n c e r t a i n  amount. 
pe r iod  w i t h i n  t h e  d e f i n e d  r e g i o n  of impact r e p r e s e n t  a small t o  moderate 
i n c r e a s e  over  n a t u r a l  r a t e s  of m o r t a l i t y  depending on t h e  i n f l u e n c e  of 
b i o t a  a t t r a c t i o n .  However, t h e  l o s s e s  i n  p l ank ton  w i t h i n  t h e  r e g i o n  of  
impact would not  r e su l t  i n  d e c r e a s e s  i n  p l a n k t o n i c  biomass, because  t h e  
p lankton  and wa te r  removed by t h e  LBCS a r e  r e p l e n i s h e d  c o n t i n u o u s l y  by t h e  
sur rounding  unper turbed  wa te r .  

As 

I f  zooplankton a r e  a t t r a c t e d  

Thus d a i l y  m o r t a l i t y  r a t e s  f o r  t h e  4 d r e s i d e n c e  

T h e  small l o c a l  l o s s e s  d e s c r i b e d  above probably  w i l l  have no 
s i g n i f i c a n t  e f f e c t  on t h e  t o t a l  p o p u l a t i o n s  of p l a n k t o n i c  s p e c i e s  because 
the  r e g i o n  of impact i s  such a s m a l l  f r a c t i o n  of  t h e  t o t a l  p l a n k t o n i c  
h a b i t a t .  Although t h e  h a b i t a t s  of c o a s t a l  s p e c i e s  may be  l i m i t e d  
(Gundersen e t  a l .  19761, ocean ic  s p e c i e s  occupy v a s t  h a b i t a t s .  
Phytoplankton ,  microzooplankton, and macrozooplankton found a t  Kahe Po in t  
a r e  not unique t o  t h a t  r eg ion .  T h e r e  a r e  no r e p o r t e d  p l a n k t o n i c  s p e c i e s  a t  
Kahe Po in t  whose h a b i t a t  i s  l i m i t e d  t o  t h e  c o a s t a l  r e g i o n  of impact. 
The re fo re ,  t h e  o p e r a t i o n  of  t h e  OTEC p l a n t  i s  no t  expec ted  t o  cause  
d e t e c t a b l e  d e c l i n e s  i n  c o n c e n t r a t i o n  o r  v a r i a t i o n s  i n  composition of 
p lankton  communities i n  t h e  Kahe Po in t  n e a r s h o r e  environment,  because  
cont inuous  r ec ru i tmen t  should  r e p l a c e  l o s s e s .  Should endemic s p e c i e s  be 
i d e n t i f i e d  a t  t h e  s i t e ,  p o t e n t i a l  impacts t o  t h e m  mus t  be addres sed  b e f o r e  
t o  p l a n t  c o n s t r u c t i o n .  

Warmwater Intake: ~IJ Nekton and Benthos--The r e g i o n  of impact 
f o r  a d u l t  f i s h  and benthos  i s  d i f f i c u l t  t o  d e f i n e  because t h e  p r o b a b i l i t y  
t h a t  an i n d i v i d u a l  w i l l  be e n t r a i n e d  depends on i t s  n a t u r a l  behav io r  and 
swimming s t r e n g t h  and speed ( s e e  p rev ious  s e c t i o n ) .  On t h e  o t h e r  hand, t h e  
l i f e  h i s t o r i e s  of most f i s h e s  and b e n t h i c  i n v e r t e b r a t e s  i n c l u d e  a 
meroplanktonic  s t a g e  (eggs  and l a r v a e ) .  S ince  these e a r l i e r  s t a g e s  a r e  
f r e e  f l o a t i n g  and i n c a p a b l e  of e scape  from primary o r  secondary 
en t r a inmen t ,  the  r e g i o n  of impact d e s c r i b e d  above f o r  nonmot i le  p l a n k t o n i c  
organisms w i l l  be used a s  t h e  s p a t i a l  s c a l e s  f o r  assessments .  

As f o r  t h e  ho loplankton  and micronekton ,  t h e  induced m o r t a l i t y  t o  any 
of t h e  l i f e  s t a g e s  of f i s h e s  o r  benthos  i s  no t  l i k e l y  t o  a f f e c t  
s i g n i f i c a n t l y  the r e p r o d u c t i v e  s u c c e s s  of most s p e c i e s  because of t h e i r  
l a r g e  n a t u r a l  h a b i t a t .  I n  g e n e r a l ,  t h e  h a b i t a t s  of t h e  f i s h e s  and benthos  
a r e  v a s t l y  l a r g e r  t han  t h e  r e g i o n  of impact. As an example, more t h a n  100 
s p e c i e s  of f i s h e s  have been recorded  i n  t h e  c o a s t a l  w a t e r s  o f f  Kahe Po in t  
(Coles  and McCain 1973; McCain and Peck 1973; HE1 1976; Coles e t  a l .  1982). 
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These v a r i e d  s p e c i e s  a r e  d i s t r i b u t e d  a s  a " r e l a t i v e l y  con t inuous  element 
a long  t h i s  (wes t e rn  Oahu) c o a s t l i n e  and a r e  r e l a t e d  t o  t h e  d i v e r s e  c o r a l  
communities" (Brock 1983a:p. 8 ) .  Other r eco rded  s p e c i e s  of f i s h e s  a r e  
p e l a g i c  r a t h e r  t han  c o a s t a l  and t h u s  have even l a r g e r  h a b i t a t s .  
o r  p o p u l a t i o n s  endemic t o  t h e  Kahe Po in t  a r e a  were found, t h e  impact t o  
these s p e c i e s  could be s e r i o u s .  

I f  s p e c i e s  

It  i s  u n l i k e l y  t h a t  t h e  a d u l t  s t a g e s  of t h e  benthos  and t h e  c o a s t a l  
and r e e f - l i v i n g  f i s h e s  w i l l  e x p e r i e n c e  high r a t e s  of m o r t a l i t y .  
speed w i t h i n  about 10 m of t h e  warmwater i n t a k e  i s  slow enough t o  a l low 
a d u l t  f i s h e s  t o  avoid  t h e  i n t a k e .  

The i n t a k e  

On t h e  o t h e r  hand, t h e  e a r l y  l i f e  s t a g e s  of t h e  benthos  and f i s h e s  a r e  
v u l n e r a b l e ,  and s i g n i f i c a n t  r a t e s  of biomass l o s s  a r e  p o s s i b l e .  I f  t h e  
p o p u l a t i o n s  of b e n t h i c  organisms and f i s h e s  w i t h i n  t h e  r e g i o n  o f  impact a r e  
based upon t h e  r e c r u i t m e n t  of p l a n k t o n i c  l a r v a e  produced w i t h i n  t h i s  
r e g i o n ,  t h e n  decreased  p o p u l a t i o n s  w i t h i n  t h e  r e g i o n  can be expec ted .  
d e c l i n e  i n  popu la t ion  s i z e  w i l l  depend upon t h e  r e l a t i v e  i n c r e a s e  i n  l a r v a l  
m o r t a l i t y  caused by p l a n t  o p e r a t i o n s  and t h e  e x t e n t  t o  which r e c r u i t m e n t  
comes from b reed ing  w i t h i n  t h e  r e g i o n  of impact. I n  a d d i t i o n ,  t h e  egg and 
l a r v a l  s t a g e s  n a t u r a l l y  are  s u b j e c t  t o  l a r g e  and v a r i a b l e  r a t e s  o f  
m o r t a l i t y  so t h a t  induced m o r t a l i t y  has a less  p r e d i c t a b l e  e f f e c t  on r a t e s  
of r e c r u i t m e n t  . 

T h e  

D i s t r i b u t i o n  of  m a c r o i n v e r t e b r a t e s  a l s o  a p p e a r s  t o  be widespread ,  
a l though there have been fewer s t u d i e s  of t h i s  group. No s p e c i e s  found a t  
Kahe Po in t  i n  b a s e l i n e  measurements f o r  t h e  H E 1  (URS 1972) were unique  t o  
Kahe P o i n t ,  s i n c e  t h e  s p e c i e s  composition i s  t y p i c a l  of c o r a l  r e e f s  
sur rounding  Oahu and t h e  o t h e r  Hawaiian I s l a n d s .  

I n  conc lus ion ,  t h e  c o a s t a l  p o p u l a t i o n s  of f i s h e s  and benthos  
i n h a b i t i n g  t h e  sandy bottom and r e e f s  a t  Kahe P o i n t  a r e  expec ted  t o  be more 
s e n s i t i v e  t o  induced m o r t a l i t y  than  p e l a g i c  s p e c i e s  because t h e i r  h a b i t a t  
i s  more l i m i t e d .  I n  a d d i t i o n ,  many of these s p e c i e s  a r e  l i k e l y  t o  c o l o n i z e  
t h e  LBCS and t h u s  e x p e r i e n c e  somewhat l a r g e r  l o s s e s  t h a n  o t h e r  s p e c i e s  
found w i t h i n  t h e  r e g i o n  of  impact. The eggs and l a r v a e  of these f i s h e s  and 
b e n t h i c  s p e c i e s  r e p r e s e n t  t h e  most v u l n e r a b l e  s t a g e s .  Unfo r tuna te ly ,  
however, i n fo rma t ion  on meroplankton a t  Kahe Po in t  i s  l i m i t e d .  Impacts a r e  
n o t  expec ted  t o  be c r i t i c a l ,  s i n c e  no s p e c i e s  among t h e  group has  been 
i d e n t i f i e d  whose h a b i t a t  i s  so s m a l l  a s  t o  war ran t  concern.  

- Cold-water In t ake :  Imoact on Mesopelanic a c r o n e k t o w - L i m i t e d  numbers 
of zoogeographic s t u d i e s  of mesopelagic micronekton i n d i c a t e  t h a t  no known 
s p e c i e s  are endemic t o  t h e  immediate a r e a  of t h e  Hawaiian I s l a n d s .  A few 
s p e c i e s  may be r e s t r i c t e d  t o  t h e  n o r t h e a s t  c e n t r a l  P a c i f i c  wa te r  mass, bu t  
most a r e  even more broadly  d i s t r i b u t e d  ( B a r n e t t  1975, 1983; C la rke  1983).  
Hartmann and Clarke  (1975) and o t h e r  s c a t t e r e d  r e p o r t s  i n d i c a t e  t h a t  about 
h a l f  of the  Hawaiian s p e c i e s  a l s o  occur  i n  t h e  e q u a t o r i a l  wa te r  mass t o  t h e  
south and a r e  t h u s  w a r m w a t e r  cosm p o l i t a n .  
cold-water i n t a k e  i s  about 0.6 km' (5.6 x 0.7 x 0.15 km 

t h i c k n e s s  of t h e  wi thdrawal  l a y e r  i s  150 m ,  t h e  annual  cold-water r e s o u r c e  

The r e g i o n  s f  impact f o r  t h e  
Annually,  t h e  

cold-water i n t a k e  w i l l  wi thdraw a volume of about 2.83 km 3 . I f  t h e  
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would be d i s t r i b u t e d  over  rou h l y  18.9 km2. 

mesopelagic f i s h e s  a l o n e  i n  t h i s  r e g i o n  i s  32 x 10  
Kawaguchi 1980). 
cold-water i n t a k e  i s  less  than  0.00004% of t h i s  f i g u r e .  
i n s i g n i f i c a n t ,  p a r t i c u l a r l y  s i n c e  there a r e  i n d i c a t i o n s  t h a t  t h e  s t a n d i n g  
crop  t u r n s  over  a t  l e a s t  once pe r  year (C la rke  1973).  

The a r e a  of the  e a s t e r n  North 
P a c i f i c  Ocean i s  158  x 10 5 5  km , and t h e  e s t i m a t e d  t t a n d i n g  c r o p  of 

t o n s  ( G j o s a e t e r  and 
T h e  e s t i m a t e d  t o t a l  annual  biomass wi thdrawal  by t h e  

T h i s  biomass l o s s  i s  

T h e  above conc lus ions  were based on t h e  assumption t h a t  t h e  meso- 
p e l a g i c  community a t  t h e  cold-water i n t a k e  i s  p r i m a r i l y  p e l a g i c  and no t  
ben th ic .  The su rveys  c i t e d  above were conducted ove r  deep wa te r  ( > Z O O  m) 
well away from b e n t h i c  communities. Because of d i f f i c u l t i e s  i n  sampling, 
l i t t l e  i s  known about b e n t h i c  f auna  l i v i n g  deepe r  t h a n  400 m. 
i n fo rma t ion  about b e n t h i c  nekton a t  800 m i s  from l i m i t e d  su rveys  by Clarke  
(1972a, 1972b) and S t ruhsake r  (1973). Without more in fo rma t ion  about  t h e  
s t a n d i n g  s t o c k s  and behavior  of t h e  mesopelag ic  ben thos ,  assessment  i s  
d i f f i c u l t .  On t h e  o t h e r  hand, i t  i s  l i k e l y  t h a t  t h e s e  s p e c i e s  a l s o  have 
e x t e n s i v e  h a b i t a t s  (Menzies e t  a l .  1973). 

The on ly  

5.4 Biocides 

Chlo r ine  w i l l  be used i n  t h e  40-Mwe OTEC p l a n t  t o  p r o t e c t  t h e  seawater  
s i d e  of e v a p o r a t o r  s u r f a c e s  from b i o f o u l i n g  (OTC 1984a) and w i l l  be  
r e l e a s e d  a long  w i t h  OTEC d i s c h a r g e  wa te r s .  Adverse envi ronmenta l  e f f e c t s  
may r e su l t  from t h e  l a r g e  volumes of c h l o r i n e  r e q u i r e d  t o  ma in ta in  hea t  
exchanger e f f i c i e n c y .  
non ta rge t  organisms once r e l e a s e d  t o  t h e  mar ine  environment.  P r e c i s e  
assessments  of t h e  e f f e c t s  of OTEC p l a n t  c h l o r i n e  d i s c h a r g e  a r e  h indered  by 
u n c e r t a i n t i e s  i n  ou r  unde r s t and ing  of the complex chemis t ry  of c h l o r i n e  i n  
seawater .  In  g e n e r a l ,  c h l o r i n e  decays  r a p i d l y  i n  seawa te r  exposed t o  
s u n l i g h t ,  forming many i n o r g a n i c  and o r g a n i c  compounds which, i n  t u r n ,  a r e  
v a r i a b l y  p e r s i s t e n t  and t o x i c .  Most of t h e  r e s e a r c h  on behavior  of 
c h l o r i n e  and i t s  by-products i n  seawa te r  has been performed i n  t empera t e  
waters .  Recent s t u d i e s  by Sansone and Kearney (1985) sugges t  t h a t  resu l t s  
of tempera te  water s t u d i e s  of s eawa te r - ch lo r ine  i n t e r a c t i o n s  a r e  not 
n e c e s s a r i l y  t r a n s f e r a b l e  t o  s u b t r o p i c a l  and t r o p i c a l  wa te r s .  Fur thermore ,  
ongoing b i o f o u l i n g  tes t s  a t  t h e  Na tu ra l  Energy Labora tory  of Hawaii (NELH) 
have demonstrated t h a t  m i c r o b i a l  f i l m  p roduc t ion  on h e a t  exchanger s u r f a c e s  
can be e l i m i n a t e d  by c h l o r i n a t i o n  a t  l e v e l s  roughly  one o r d e r  of magnitude 
lower than  i s  r e q u i r e d  i n  tempera te  waters (Larson-Basse and Dan ie l  1983). 
Free and combined chlorine-produced o x i d a n t s  a r e  s i g n i f i c a n t l y  more 
p e r s i s t e n t  i n  s u b t r o p i c a l  t han  i n  t empera te  waters (Sansone and Kearney 
1985). U l t ima te ly ,  the accumula t ion  of t h e s e  c h l o r i n e  by-products and 
t h e i r  t o x i c i t y  t o  downstream organisms may be t h e  most s i g n i f i c a n t  impacts 
of c h l o r i n e  r e l e a s e .  

Ch lo r ine  and i t s  t o x i c  by-products might impact 

Major r e a c t i o n  pathways of c h l o r i n e  i n  a q u a t i c  environments a r e  shown 
i n  F igu re  5.2. Upon c o n t a c t  w i t h  s eawa te r ,  C12 molecu le s  a r e  hydrolyzed t o  
form hypochlorous a c i d  and i t s  i o n i z a t i o n  p roduc t ,  h y p o c h l o r i t e  ion .  O t h e r  
seawater  h a l i d e s ,  c h i e f l y  bromine, undergo r a p i d  exchange r e a c t i o n s  l e a d i n g  
t o  t h e  p roduc t ion  of hypobromous a c i d  and t h e  hypobromite ion .  T h e s e  
compounds, termed " f r e e  o x i d a n t s , "  r e a c t  w i t h  f r e e  ammonia, i t s  major 
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Figure  5.2.--Najor r e a c t i o n  p a t h s  of c h l o r i n e  i n  
f r e s h  water and seawater (Sugam and Helz (1980) as 
adapted by H a l l  e t  a l .  1981).  

seawater  form, 
"combined oxida::" of F i g u r e  5.2. Subsequent s lower  r e a c t i o n s  r e su l t  i n  
p roduc t ion  of ha locarbons  and o t h e r  by-products,  depending on ambient 
c o n c e n t r a t i o n s  of ammonia, o r g a n i c  amines, and o t h e r  o r g a n i c  m a t e r i a l s  w i t h  
which t h e  f r e e  o x i d a n t s  are r e a c t i v e  (Ha l l  e t  a l .  1981; Sansone and Kearney 
1985). 
a r e  g e n e r a l l y  r e f e r r e d  t o  as t o t a l  r e s i d u a l  o x i d a n t s  (TRO). 

+, and o r g a n i c  amines t o  form ha logenated  amines, t h e  

T h e  chlorine-produced o x i d a n t s  d e r i v e d  from seawater c h l o r i n a t i o n  

P r e s e n t  p l a n s  c a l l  f o r  d a i l y  l - h  a p p l i c a t i o n s  t o  t h f  e v a p o r a t o r s  on ly  
of c h l o r i n e  s o l u t i o n s  a t  a c o n c e n t r a t i o n  of 0.07 mg 1- (OTC 1984a).  
Mixing w i t h  condenser e f f l u e n t  w i l l  r e su l t  i n  a 45% d i l u t i o n ,  o r  a 
chlorine-produced o x i d a n t  e q u i v a l e n t  c o n c e n t r a t i o n  of 0.04 mg 1-1 a t  t h e  
d i scha rge .  Model s i m u l a t i o n s  of n e a r f i e l d  plume behav io r  e s t i m a t e  average  
d i l u t i o n  r ang ing  between 3.5 and 4.5 (Koh e t  a l .  1984).  T h u s ,  r e s u l t a n t  
e q u i v a l e n t  c n c e n t r a t i o n  a t  t h e  depth  of plume s t a b i l i z a t i o n  w i l l  be about 
0.01 mg 1-7 o r  l e s s .  

It i s  impor tan t  t o  r e c o g n i z e  t h a t  c o n c e n t r a t i o n  e s t i m a t e s  a s  de r ived  
above n e g l e c t  i n f l u e n c e s  of nonconserva t ive  chemical l o s s e s  and v a r i a t i o n s  
i n  ambient c o n c e n t r a t i o n s  of i n o r g a n i c  and o r g a n i c  r e a c t a n t s .  In  a d d i t i o n ,  
ha logenated  amines, produced by r e a c t i o n  between ammonia and c h l o r i n e -  
produced o x i d a n t s ,  may be more t o x i c  than  o t h e r  r e s i d u a l  o x i d a n t s  ( H a l l  e t  
a l .  19811. 
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Smal le r  organisms a r e  g e n e r a l l y  more s e n s i t i v e  t o  c h l o r i n e  and i t s  
r e a c t i o n  p roduc t s  than  a r e  l a r g e r  ones ( H a l l  e t  a l .  1981).  T h u s  
phytoplankton ,  zooplankton and l a r v a l  f i s h  a r e  most s u s c e p t i b l e  t o  c h l o r i n e  
t o x i c i t y .  Reported hytoplankton  t o x i c i t y  t h r e s h o l d s  have a lower  l i m i t  of 
roughly 0.01 mg I-' TRO ( H a l l  e t  a l .  19811, bu t  resu l t s  a r e  i n c o n s i s t e n t .  
L e t h a l  and s u b l e t h a l  e f f e c t s  ( i .e. ,  temporary l o s s  of p h o t o s y n t h e t i c  
a b i l i t y ]  have been observed. The TRO c o n c e n t r a t i o n s  between 0.02 and 0.05 
mg 1' proved l e t h a l  t o  a v a r i e t y  of zooplankton  s p e c i e s ,  nd lower 
t o x i c i t y  t h r e s h o l d s  f o r  l a r v a l  f i s h e s  were nea r  0.02 mg l-' ( H a l l  e t  a l .  
1981).  

S t r i c t  i n t e r p r e t a t i o n  of d a t a  r e p o r t e d  above on plume TRO concent ra -  
t i o n s  and t o x i c i t y  t h r e s h o l d s  s u g g e s t s  t h a t  impacts  of b i o c i d e  d i s c h a r g e  
w i l l  be p r i m a r i l y  r e s t r i c t e d  t o  e n t r a i n e d  organisms;  some e f f e c t s  w i l l  be 
d i s t r i b u t e d  among phytoplankton  communities i n  t h e  r e c e i v i n g  w a t e r s .  
However, v i r t u a l l y  a l l  d a t a  on c h l o r i n e  t o x i c i t y  t o  mar ine  organisms come 
from s t u d i e s  of tempera te  s p e c i e s  and are the reby  on ly  of  l i m i t e d  d i r e c t  
a p p l i c a b i l i t y  t o  t h e  Hawaiian environment. I n  p a r t i c u l a r ,  s t u d i e s  of 
phytoplankton  which have c o n c e n t r a t e d  on l a r g e  d ia toms (e.g., Slcclntmggg 
and C21qgtpcggrg) may be mis l ead ing  due t o  t h e  predominance of s m a l l  c e l l s  
i n  Hawaiian phytoplankton  communities (Bienfang  e t  a l .  1983).  In  a d d i t i o n  
Sansone and Kearney (1985) have r e p o r t e d  t h a t  Hawaiian w a t e r s  c o n t a i n  low 
c o n c e n t r a t i o n s  of compounds which may r e a c t  w i t h  c h l o r i n e  and t h e r e f o r e  
have a s i g n i f i c a n t l y  d i f f e r e n t  chemis t ry  than  t h o s e  i n  which c h l o r i n e  
t o x i c i t y  s t u d i e s  have been conducted. S ince  t h e  w a t e r  chemis t ry  i s  known 
t o  be d i f f e r e n t  and c h l o r i n e  t o x i c i t y  t o  l o c a l  s p e c i e s  has  no t  been 
s t u d i e d ,  prudence s u g g e s t s  t h a t  f u r t h e r  s t u d i e s  on t h e  t o x i c i t y  of c h l o r i n e  
t o  l o c a l  s p e c i e s  a r e  necessa ry .  A t  t h e  l e a s t ,  a c o n s e r v a t i v e  view t h a t  
Hawaiian s p e c i e s  may prove t o  be a t  l e a s t  a s  s e n s i t i v e  a s  t h o s e  i n  o t h e r  
wa te r s  should be assumed. S ince  p r e l i m i n a r y  e s t i m a t e s  p r e d i c t  concent ra -  
t i o n s  of c h l o r i n e  and i t s  by-products t h a t  a r e  t o x i c  t o  some mar ine  s p e c i e s  
w i l l  occu r  i n  a t  l e a s t  t h e  n e a r f i e l d  plumes, t h e  s i g n i f i c a n c e  of impacts 
a s s o c i a t e d  w i t h  t h i s  r o u t i n e  r e l e a s e  should be s t u d i e d  f u r t h e r .  

5.5 Trace Constituent Releases 

Seawater c o r r o s i o n  and e r o s i o n  of s t r u c t u r a l  e lements  w i t h i n  OTEC 
p l a n t s  w i l l  r e l e a s e  t r a c e  e lements  i n t o  t h e  d i s c h a r g e  water .  I n  a d d i t i o n  
deep-ocean wa te r  c o n c e n t r a t i o n s  of c e r t a i n  t r a c e  elements i n  some c a s e s  
exceed s u r f a c e  c o n c e n t r a t i o n s  by s i g n i f i c a n t  amounts. T h e  major s o u r c e s  
of t r a c e  c o n s t i t u e n t  r e l e a s e s  w i l l  be t h e  h e a t  exchangers  and t h e  cold- 
wa te r  s t ream,  but  any m e t a l l i c  s t r u c t u r e  which t h e  seawater  c o n t a c t s  such 
a s  pump impellers o r  o t h e r  m e t a l l i c  p i p i n g  may produce r e s i d u a l  t r a c e s  
which a r e  p o t e n t i a l l y  t o x i c  t o  mar ine  organisms. The h e a t  exchangers  
w i l l  be c o n s t r u c t e d  of t i t a n i u m ;  o t h e r  components may i n c l u d e  copper- o r  
lead-bear ing  a l l o y s .  Using r e su l t s  of Department of Energy sponsored 
c o r r o s i o n  t e s t s  (Tip ton  19801, Myers and Ditmars ( I n  p r e s s )  c a l c u l a t e d  t h a t  
(0.02 mg cm'2 T i  would be l o s t  from t i t a n i u m  h e a t  exchangers i n  t h e  40 
MWe OTEC p l a n t .  T h e  r e s u l t i n g  d i s c h a r g e  c o n c e n t r a t i o n  of  t i t a n i u m  i s  (0.02 
pg 1-I. The l i m i t e d  d a t a  on t i t a n i u m  t o x i c i t y  i n d i c a t e  t h a t  t h e  t o x i c i t y  
of t h e  me ta l  i s  low (Sax 1979).  The  p o t e n t i a l  f o r  accumulation of  t i t a n i u m  
i n  t issues  of marine organisms has  not  been a s s e s s e d .  The  pumps and p i p i n g  
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i n  t h e  p i l o t  p l a n t  w i l l  be compara t ive ly  minor s o u r c e s  of c o r r o s i o n  
p roduc t s ;  however, the i r  composi t ion  may i n c l u d e  a1 l o y s  and m a t e r i a l s  
b e a r i n g  p o t e n t i a l l y  t o x i c  m e t a l s  such as chromium, copper ,  and l e a d .  The 
complex body of i n fo rma t ion  on s p e c i a t i o n  and t o x i c i t y  of heavy m e t a l s  does 
no t  r e a d i l y  a l low p r e d i c t i o n s  of t r a c e  element r e l e a s e  from t h e  p i l o t  p l a n t .  

The c o n c e n t r a t i o n  of  t r a c e  m e t a l s  i n  s u r f a c e  w a t e r  may i n c r e a s e  d u e  t o  
upwelling of meta l - r ich  deep  wa te r  o r  t h e  fo rma t ion  of c o r r o s i o n  products .  
The impact of these i n c r e a s e s  w i l l  i n  l a r g e  p a r t  depend on t h e  amount and 
chemical form of t h e  m e t a l s  involved .  The  f r e e  i o n  a c t i v i t y ,  no t  t h e  t o t a l  
metal c o n c e n t r a t i o n ,  de t e rmines  b i o l o g i c a l  a v a i l a b i l i t y  and e f f e c t .  
I n c r e a s e s  i n  t h e  b i o a v a i l a b i l i t y  of m i c r o n u t r i e n t s ,  e g g . ,  i r o n ,  manganese, 
and copper ,  could i n c r e a s e  p roduc t ion  of t h e  a l g a l  community. S i m i l a r l y ,  . 
t o x i c i t y  could  r e s u l t  from high a v a i l a b i l i t y  of m e t a l s ,  such as copper ,  
z i n c ,  o r  cadmium, which could  be d e t r i m e n t a l  t o  b i o l o g i c a l  p roduc t ion .  I f  
the t r a c e  me ta l  complement of t h e  e f f l u e n t  w a t e r  i s  harmful,  t h e  p o t e n t i a l  
b i o s t i m u l a t o r y  e f f e c t  of upwelled n u t r i e n t s  may e i t h e r  no t  occur  o r  be 
unno t i ceab le .  T h e  t r a c e  metal complement w i l l  change w i t h  time through a 
v a r i e t y  of p r o c e s s e s  and a bloom may be mere ly  de layed .  W i t h  c u r r e n t  
i n fo rma t ion  it  i s  not  p o s s i b l e  t o  p r e d i c t  what e f f e c t  t h e  a l t e r e d  t r a c e  
metal regime w i l l  have on t h e  u t i l i z a t i o n  of  upwelled m a c r o n u t r i e n t s .  

S t u d i e s  of phytoplankton  growth r e sponse  t o  a d d i t i o n s  of deep  ocean 
water have y i e l d e d  resul ts  s u g g e s t i v e  of i n t e r a c t i o n s  between t r a c e  m e t a l s  
and phytoplankton  growth k i n e t i c s  ( T e r r y  and Caperon 1982).  Observed l a g  
p e r i o d s  i n  phytoplankton  growth r a t e  f o l l o w i n g  deepwater  a d d i t i o n  have 
been a t t r i b u t e d  t o  t h e  p r o c e s s  of "cond i t ion ing"  of t h e  deep water, which 
invo lves  t h e  p roduc t ion  of  n a t u r a l  o r g a n i c  c h e l a t o r s  (e.g., Barber and 
R y t h e r  1969). These n a t u r a l  s u b s t a n c e s  r educe  t h e  c o n c e n t r a t i o n s  of f r e e  
metal i o n s  which i n h i b i t  phytoplankton  growth. T e r r y  and Caperon (1982) 
found t h a t  a d d i t i o n  of t h e  a r t i f i c i a l  c h e l a t i n g  a g e n t ,  e thy lened iamine  
t e t r a c e t i c  a c i d  (EDTA), s u b s t a n t i a l l y  reduced t h e  l a g  t i m e  f o r  growth of 
n a t u r a l  p o p u l a t i o n s  i n  m i x t u r e s  of deep and s u r f a c e  wa te r s .  

There u n f o r t u n a t e l y  remains some c o n t r o v e r s y  su r round ing  e x i s t i n g  d a t a  
on t r a c e  me ta l  c o n c e n t r a t i o n s  i n  s u r f a c e  w a t e r s  o f f  t h e  Waianae c o a s t .  
Reported t r a c e  m e t a l  c o n c e n t r a t i o n s  (Szyper e t  a l .  1983) a r e  i n  some c a s e s  
t h r e e  o r d e r s  of magnitude h ighe r  t han  documented o c e a n i c  c o n c e n t r a t i o n s  
(Quinby-Hunt and Turekian 1983).  U n t i l  consensus i s  achieved  on a c t u a l  
v a l u e s  of t r a c e  m e t a l s  o f f  Kahe P o i n t ,  r e l i a b l e  assessment  of e f f e c t s  of 
r e d i s t r i b u t e d  deep ocean t r a c e  m e t a l s  w i l l  be imposs ib l e .  

5.6 Workin& Fluid  Release 

The 40-MWe OTEC p l a n t s  w i l l  have h e a t  exchangers  w i t h  e x t e n s i v e  s u r f a c e  
a r e a s  exposed t o  con t inuous  p h y s i c a l  and chemical s t r e s s e s .  Leaks may 
develop i n  t h e  working f l u i d  t r a n s p o r t  sys t em,  r e s u l t i n g  i n  ammonia r e l e a s e  
t o  t h e  r e c e i v i n g  wa te r s .  T h e  e f f e c t  of ammonia on mar ine  organisms w i l l  be 
a f u n c t i o n  of t h e  chemis t ry  of ammonia i n  s eawa te r ,  t h e  r a t e  of r e l e a s e ,  and 
t h e  community i n  t h e  v i c i n i t y  of t h e  p l a n t .  As a source  of i n o r g a n i c  
n i t r o g e n ,  s m a l l  q u a n t i t i e s  of l eaked  ammonia may a c t  a s  a n u t r i e n t  subs idy ,  
s t i m u l a t i n g  primary p r o d u c t i v i t y  downstream of t h e  p l a n t .  On t h e  o t h e r  
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hand, a c a t a s t r o p h i c  s p i l l  would resu l t  i n  ammonia r e l e a s e  t o  t h e  r e c e i v i n g  
wa te r s ,  w i t h  v a r i a b l e  envi ronmenta l  consequences (see S e c t i o n  5.8). 

Few d a t a  a r e  a v a i l a b l e  on t h e  t o x i c i t y  of ammonia t o  s u b t r o p i c a l  and 
t r o p i c a l  marine organisms. P re l imina ry  t o x i c i t y  s t u d i e s  by t h e  Gulf Coast 
Research Laboratory on sargassum shrimp, _L_a&&gg&$g fgcpgg~,  and f i l e f i s h ,  
&gac_ag&hgs lispidus, i n d i c a t e  t h a t  t h e  l e t h a l  ammonia c o n c e n t r a t i o n  f o r  
bo th  s p e c i e s  i s  approximate ly  1.0 mg 1-l (Venkataramiah e t  a l .  1981).  
These s t u d i e s  s p e c i f y  t o x i c i t y  l e v e l s  of nonionized  ammonia. However, a t  
t h e  pH (8.1-8.2) and t empera tu re  (25°C) of Hawaiian seawa te r ,  more than  90% 
of d i s s o l v e d  ammonia d i s s o c i a t e s  t o  ammonium ion  (NH4+) ( W h i t f i e l d  1974; 
Hampson 1977).  It i s  t h e  remain ing  nonionized  ammonia which c o n s t i t u t e s  
the t o x i c  p a r t  and f o r  which the Na t iona l  Academy of Sc iences  (NASI has 
r e p o r t e d  a m i n i m u m  r i s k  l i m i t  of 10 pg 1-1 (0.59 PM) i n  s eawa te r  (NAS 
1973). 

S t u d i e s  on e f f e c t s  of  d i s s o l v e d  ammonia on phytoplankton  a r e  
i n c o n s i s t e n t .  Natara jan  (1970) r e p o r t e d  t h a t  c o n c e n t r a t i o n s  of 55.0 t o  71.1 
mg 1-1 of ammonia ( u n s p e c i f i e d  d i s s o c i a t i o n  s t a t e )  i n h i b i t e d  photo- 
s y n t h e s i s  i n  marine d ia toms,  whereas Walsh (1981) c i t e d  i n h i b i t o r y  l e v e l s  
t o  phytoplankton  of  only 4.2 mg 1-1 ammonium ion .  
of magnitude h ighe r  than  ambient t o t a l  ammonia c o n c e n t r a t i o n s  o f f  Kahe 
Poin t  ( roughly  11 1.18 1-11. 

Both v a l u e s  a r e  o r d e r s  

The  f i n a l  submit t a l  of t h e  P re l imina ry  Design Engineer ing  Report (OTC 
1984a) s p e c i f i e s  measures t o  ma in ta in  l eakage  r a t e  of ammonia a t  0.1% of 
t h e  t o t a l  i n v e n t o r y ,  o r  approximate ly  290 kg d - l .  Although t h i s  exceeds 
t h e  45.4 kg d-1 r e p o r t a b l e  q u a n t i t y  f o r  d i scha rged  ammonia s p e c i f i e d  
under NPDES p e r m i t t i n g  (40 CFR 1171, a r o u t i n e  l o s s  of t h i s  magnitude 
probably  w i l l  no t  c o n s t i t u t e  a s i g n i f i c a n t  envi ronmenta l  hazard.  Assuming 
t h e  leaked ammonia i s  con t inuous ly  d i scha rged  w i t h  seawater  i n  t h e  mix d 
e f f l u e n t  bay, t o t a l  ammonia c o n c e n t r a t i o n  would i n c r e a s e  by 17 ug 1- 
from approximate ly  11 t o  28  1-18 1-l. 
resu l t  i n  a nonionized ammonia c o n c e n t r a t i o n  of (2.8 pg l-l, w e l l  below 
t h e  minimum r i s k  l e v e l  of 10 pg 1-1 s p e c i f i e d  by t h e  NAS. 

f 
Normal d i s s o c i a t i v e  p r o c e s s e s  would 

Perhaps t h e  most s e r i o u s  concern ,  o t h e r  t h a n  c a t a s t r o p h i c  r e l e a s e ,  i s  
the p o t e n t i a l  i n t e r a c t i o n  between leaked ammonia and c h l o r i n e  used f o r  
b i o f o u l i n g  c o n t r o l .  A s  noted i n  S e c t i o n  5.4, t o x i c i t y  of ha logenated  
amines t o  s u b t r o p i c a l  mar ine  organisms has n o t  been r e l i a b l y  e s t a b l i s h e d ,  
and f u r t h e r  s t u d i e s  on t h i s  t o p i c  a r e  r e q u i r e d  b e f o r e  p r e c i s e  e s t i m a t e s  of 
biocide-ammonia impact can be made. 

5.7 Secondarg Entrainment 

Turbulent  mixing w i l l  r e s u l t  i n  a r a p i d  d i l u t i o n  of  t h e  e f f l u e n t  water  
through t h e  en t ra inment  of ambient water .  A s  a r e su l t  t h e r e  i s  a p o t e n t i a l  
f o r  impact on t h e  p lankton  p r e s e n t  i n  t h e  ambient wa te r  a s  t h e y  become 
e n t r a i n e d  i n t o  t h e  d i s c h a r g e  plume. Although it  i s  d i f f i c u l t  t o  p r e d i c t  
t h e  s c a l e  of impact from t h i s  secondary e n t r a i n m e n t ,  t h e  p o t e n t i a l  e f f e c t  
i s  cons ide rab le .  T h i s  impact w i l l  depend on t h e  abundance of organisms i n  
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t h e  d i l u t i o n  wa te r ,  t h e i r  s e n s i t i v i t y  t o  t h e  a l t e r e d  water  q u a l i t y  and t h e  
amount of water involved .  

I n  t h e  p r e l i m i n a r y  des ign  document, t h e  d i s c h a r g e  depth  i s  ambiguous, 
vary ing  from 70 t o  91 m (OTC 1984a:Fig. 7-13 and p. 24, r e s p e c t i v e l y ) .  
Assessment of envi ronmenta l  impacts a s s o c i a t e d  w i t h  e f f l u e n t  d i s c h a r g e  i s  
des ign  s p e c i f i c  and must  be  r e v i s e d  i f  t h e  l o c a t i o n  and mode of d i s c h a r g e  
a r e  a l t e r e d .  The  e x i t  v e l o c i t y ,  d i s c h a r g e  d e p t h ,  d i s t a n c e  o f f  bottom and 
e x i t - p i p e  geometry and o r i e n t a t i o n  ( r e l a t i v e  t o  t h e  bottom) a r e  impor tan t  
parameters  a f f e c t i n g  t h e  e f f l u e n t  t r a j e c t o r y ,  mixing r a t e  and e f f l u e n t  
e q u i l i b r i u m  l e v e l .  

The ambiguity of t h e  p o i n t  of d i s c h a r g e  r a i s e s  s e v e r a l  p o t e n t i a l l y  
s i g n i f i c a n t  concerns.  For  t h e  des ign  flow r a t e  and d i s c h a r g e  conf igu ra -  
t i o n ,  t h e  e f f l u e n t  w i l l  probably mix r a p i d l y  w i t h  t h e  wa te r  a t  t h e  depth of 
d i s c h a r g e .  I f  t h e  depth  of d i s c h a r g e  i s  i n  t h e  s u r f a c e  mixed l a y e r ,  then 
t h e  enhanced l e v e l s  of n u t r i e n t s ,  c h l o r i n e  and i t s  by-products,  and t r a c e  
contaminants w i l l  enter t h e  mixed l a y e r .  For d i s c h a r g e  d e p t h s  below t h e  
mixed l a y e r  ( i . e . ,  i n  t h e  p y c n o c l i n e ) ,  the p o s s i b i l i t y  t h a t  the  d i s c h a r g e  
w i l l  e n t e r  the  mixed l a y e r  d e c r e a s e s  a s  t h e  d i s c h a r g e  dep th  i n c r e a s e s .  Of 
s p e c i f i c  concern a r e  t h e  t o x i c  e f f e c t s  of c h l o r i n e  and i t s  by-products,  t h e  
p o s s i b l e  e l e v a t i o n  of t r a c e  e lements  w i t h i n  t h e  food web and t h e  p o t e n t i a l  
d i s r u p t i o n  of  f i s h i n g  i n d u s t r i e s .  A t  sha l low d e p t h s ,  w h e r e  bottom s lopes  
are l e s s  s t e e p ,  there  w i l l  b e  a g r e a t e r  p o s s i b i l i t y  of sediment scour .  A 
rock  mat a t  t h e  p o i n t  of d i s c h a r g e  may m i t i g a t e  s c o u r ,  bu t  would i n c r e a s e  
mixing. A t  sha l lower  d i s c h a r g e  dep ths ,  the e f f l u e n t  p lume w i l l  have 
g r e a t e r  c o n t a c t  w i t h  b e n t h i c  b i o t a ,  a s  w e l l  a s  b i o t a  a t t r a c t e d  t o  t h e  cold- 
wa te r  p i p e  a d j a c e n t  t o  t h e  d i s c h a r g e .  
i n  c o n t a c t  w i t h  b i o t a  a t t r a c t e d  t o  rock  p l aced  around t h e  d i s c h a r g e  
s t r u c t u r e .  These b i o t a  w i l l  be  s u b j e c t e d  t o  t empera tu res  lower t h a n  t h e  
ambient, and n u t r i e n t  and t r a c e  element l e v e l s  h ighe r  t han  t h e  ambient.  
The b i o t a  a l s o  w i l l  be exposed t o  c h l o r i n e  and i t s  by-products. The 
r e l a t i v e  importance of t h e s e  concerns  i s  dependent upon t h e  p a r t i c u l a r  
des ign  s e l e c t e d .  An a c c u r a t e  assessment mus t  awa i t  r e s o l u t i o n  of t h e  
p r e s e n t  des ign  ambiguity.  

T h e  d i s c h a r g e  plume a l s o  would come 

Assuming a d i s c h a r g e  a t  roughly  100 m and a plume e q u i l i b r i u m  depth 
ranging  25 t o  60 m below d i s c h a r g e  (Koh e t  a l .  19841, t h e  sou rce  pool of 
e n t r a i n e d  organisms w i l l  be from dep ths  between 100 and 160 m. Seve ra l  
c h a r a c t e r i s t i c s  of t h e  e f f l u e n t  (e.g., reduced w a t e r  t empera tu res ,  t h e  
presence  of a b i o c i d e ,  and s u p e r s a t u r a t i o n  of n i t r o g e n  g a s )  may adve r se ly  
a f f e c t  s e c o n d a r i l y  e n t r a i n e d  organisms. Assuming a mixed d i s c h a r g e ,  t h e  
t empera tu re  of t h e  e f f l u e n t  a t  t h e  p o i n t  of d i s c h a r g e  could be a s  low a s  
15°C. Although many of t h e  organisms which could  be s e c o n d a r i l y  e n t r a i n e d  
engage i n  v e r t i c a l  m i g r a t i o n s  which expose t h e m  t o  a wide r ange  of tempera- 
tu res ,  o t h e r s ,  i n c l u d i n g  some of t h e  i ch thyop lank ton ,  a r e  n o t  accustomed t o  
such low tempera tures .  Even the rma l ly  t o l e r a n t  t empera t e  organisms may be 
immobilized o r  k i l l e d  by sudden exposure  t o  co ld  t empera tu re  (Hoss e t  a l .  
1974; Bradley 1978; S t a u f f e r  1980) .  The  p r o b a b i l i t y  of m o r t a l i t y  i s  
g r e a t e s t  when t h e  an imals  a r e  l i v i n g  n e a r  t h e i r  lower l e t h a l  l i m i t .  
Although most of t h e  impor tan t  t r o p i c a l  organisms have not  been s t u d i e d  f o r  
thermal  e f f e c t s ,  i t  seems l i k e l y  t h a t  many of t h o s e  found i n  s u r f a c e  wa te r s  
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are s t eno the rma l  (e.g., t u n a  l a r v a e )  and may b e  impacted by t empera tu re  
changes du r ing  secondary en t ra inment .  

Although b i o c i d e s  w i l l  be in t roduced  on ly  i n t e r m i t t e n t l y  and a t  low 
c o n c e n t r a t i o n s ,  i t  i s  r e a s o n a b l e  t o  assume t h a t  i f  t h e  b i o c i d e  i s  
concen t r a t ed  enough t o  k i l l  f o u l i n g  organisms i t  may a l s o  a f f e c t  t h e  more 
s e n s i t i v e  an imals  which are s e c o n d a r i l y  e n t r a i n e d .  P r e d i c t i o n  of b i o c i d e  
impacts  from c u r r e n t  i n fo rma t ion  i s  d i f f i c u l t  because  most r e s e a r c h  has  
involved  temperate  organisms. Conducting a d d i t i o n a l  r e s e a r c h  on b i o c i d e  
e f f e c t s  w i l l  be d i f f i c u l t  because l i k e l y  e f f l u e n t  c o n c e n t r a t i o n s  are nea r  
t h e  l i m i t  of d e t e c t a b i l i t y .  Whatever b i o c i d e  e f f e c t s  occur  w i l l  b e  
g r e a t e s t  i n  t h e  zone of i n i t i a l  d i l u t i o n  where t h e i r  c o n c e n t r a t i o n  i s  
g r e a t e s t  and thermal  impacts  are l a r g e s t .  Model p r e d i c t i o n s  s u g g e s t  t h a t  
n e a r f i e l d  d i l u t i o n  f a c t o r  w i l l  be about  4 ,  and t h a t  d i l u t i o n  w i l l  occur  
over  a n  i n t e r v a l  of roughly  2 min (Koh e t  a l .  1984) .  Thus, t h e  organisms 
e n t r a i n e d  i n  t h e s e  waters w i l l  be exposed t o  r e l a t i v e l y  h igh  plume 
c o n c e n t r a t i o n s  only  f o r  a r e l a t i v e l y  s h o r t  t i m e .  

S p e c i f i c  m o r t a l i t i e s  of e n t r a i n e d  organisms i n  t h e  nea r  f i e l d  cannot  
be  e s t ima ted  u n t i l  more d e t a i l e d  en t r a inmen t  a n a l y s e s  have been performed 
and t h e  plume exposure c o n d i t i o n s  have been r e l a t e d  t o  l e t h a l - s u b l e t h a l  
e f f e c t s .  The e n t r a i n e d  organisms w i l l  expe r i ence  much less i n t e n s e  thermal ,  
chemical,  and mechanical shocks f o r  s h o r t e r  p e r i o d s  t h a n  t h o s e  i n g e s t e d  i n t o  
t h e  p i l o t  p l a n t .  Therefore ,  much <loo% m o r t a l i t y  i s  expec ted  i n  t h e  n e a r  
f i e l d .  I f  c o l d  shock r a t h e r  t han  exposure t o  b i o c i d e s ,  trace metals, or 
p r e s s u r e  changes i s  t h e  major  f a c t o r  involved  i n  t h e  harmful  e f f e c t  of 
en t ra inment ,  t hen  many s p e c i e s  may s u f f e r  on ly  s l i g h t l y ,  t h e  most v u l n e r a b l e  
be ing  nonmigratory animals .  This  u n f o r t u n a t e l y  i n c l u d e s  many f i s h  l a r v a e .  

5.8 Risk of Credible Accident -- 
Major r isks a s s o c i a t e d  w i t h  t h e  OTEC power sys tem invo lve  t h e  ammonia 

and c h l o r i n e  systems ( a c c i d e n t a l  releases are d i s c u s s e d  i n  t h i s  s e c t i o n :  
r o u t i n e  c h l o r i n e  releases and ammonia l e a k s  are d i s c u s s e d  i n  S e c t i o n s  
5.4 and 5.6,  r e s p e c t i v e l y ) .  
system are t h e  conven t iona l  s a f e t y  i s s u e s  a s s o c i a t e d  w i t h  steam e l e c t r i c  
power g e n e r a t i n g  p l a n t s :  e lec t r ica l  hazards ,  r o t a t i n g  machinery,  u se  of 
compressed gases ,  heavy material hand l ing  equipment,  and shop and 
maintenance hazards .  However, because t h e  OTEC power p l a n t  o p e r a t e s  as a 
law-temperature,  low-pressure Rankine c y c l e ,  i t  poses  less haza rd  t o  t h e  
o p e r a t i n g  personnel  and even less t o  t h e  l o c a l  p o p u l a t i o n  than  conven t iona l  
h igh-pressure ,  high-temperature ,  f o s s i l - f u e l e d  power p l a n t s .  

Other  r i s k s  a s s o c i a t e d  w i t h  t h e  OTEC power 

T o x i c i t y  of Ammonia--All ammonia-carrying sys tems w i l l  be  con ta ined  
systems, b u t  l e a k s  o r  s p i l l s  may develop  due t o  wear, c o r r o s i o n ,  ag ing ,  
mal func t ion ,  or c a t a s t r o p h i c  e v e n t s  (Sax 1979).  

I n  h i g h  c o n c e n t r a t i o n s ,  ammonia i s  a n  i r r i t a t i n g  compound which can 
damage t h e  eyes ,  mucous membranes, and s k i n ;  on i n h a l a t i o n ,  i t  can  i n h i b i t  
r e s p i r a t i o n  (Sax 1979).  
and b l i s t e r s .  Because of ammonia's t o x i c i t y ,  a s p i l l  or l e a k  of 45.4 kg or 
more du r ing  a 24-h pe r iod  must be r e p o r t e d  t o  t h e  EPA (40 CFR 117) .  

Skin c o n t a c t  w i t h  l i q u i d  ammonia can  cause  burns  
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Ammonia i s  d i f f i c u l t  t o  i g n i t e  when exposed t o  h e a t  o r  f l ame  and i s  
e x p l o s i v e  on ly  a t  c o n c e n t r a t i o n s  of 16-25% i n  a i r .  When ammonia combines 
w i t h  o t h e r  mater ia ls ,  such as c h l o r i t e s ,  e x p l o s i v e  compounds may be  formed 
(Sax 1979).  
i n  Sec t ion  5 . 6 .  

Data on t o x i c i t y  of ammonia t o  mar ine  organisms were p re sen ted  

T o x i c i t y  of Chlorine--Chlorine w i l l  be used t o  p reven t  b i o f o u l i n g  of 
t h e  hea t  exchangers.  Ch lo r ine  w i l l  be s t o r e d  a t  t h e  p l a n t  i n  l i q u i d  form 
i n  f o u r  900 kg t anks  (OTC 1984a). S p i l l s  and l e a k s  of c h l o r i n e  may occur  
a t  any t i m e  du r ing  use. 

Liquid  c h l o r i n e  w i l l  v a p o r i z e  a t  a tmospher ic  p r e s s u r e  a t  ambient 
t empera tu res  i n  Hawaii. Ch lo r ine  g a s  o r  vapor  i s  h ighly  t o x i c  and 
ex t remely  i r r i t a t i n g  a f t e r  l i m i t e d  exposure  t o  h igh  c o n c e n t r a t i o n s  (>15 
ppm) o r  extended exposure  t o  low c o n c e n t r a t i o n s .  Short-term exposure  t o  
c h l o r i n e  can cause  s e r i o u s  temporary o r  r e s i d u a l  i n j u r y  such a s  bu rns  and 
s k i n  e r u p t i o n s .  Large  amounts cause  eye i r r i t a t i o n ,  coughing, and labored  
b r e a t h i n g ,  and i n  extreme c a s e s  d i f f i c u l t y  i n  b r e a t h i n g  may resu l t  i n  dea th  
by s u f f o c a t i o n .  T h e  r e s p i r a t o r y  t h r e s h o l d  l i m i t  v a l u e  (TLV) f o r  c h l o r i n e  
i s  1 ppm. Although c h l o r i n e  i s  n o t  flammable, it can combine w i t h  o t h e r  
subs t ances ,  p a r t i c u l a r l y  gaseous  ammonia, t o  c a u s e  f i r e s  o r  e x p l o s i o n s  (Sax 
1979). 

Ch lo r ine  and some of t h e  by-products formed when it  r e a c t s  w i t h  
seawater  a r e  cons ide red  t o x i c  (Hartwig and V a l e n t i n e  1981; Lea0 and S e l l e c k  
1981; V a l e n t i n e  and S e l l e c k  1981).  A s p i l l  o r  l e a k  of 4.54 kg o r  more over  
a 24-h pe r iod  m u s t  be  r e p o r t e d  t o  the EPA. 

Hazard of 8'11 Ammonia _a C b l o r i n e  &lease--The hazardous n a t u r e  of 
ammonia and c h l o r i n e  makes s t r i c t  s a f e t y  p r e c a u t i o n s  mandatory f o r  OTEC. 
Should an a c c i d e n t  occur  wi th  e i t h e r  s y s t e m ,  t h e  r i s k s  a r e  s i m i l a r  t o  t h o s e  
f o r  o t h e r  i n d u s t r i a l  a p p l i c a t i o n s  invo lv ing  these chemica ls .  Common 
a p p l i c a t i o n s  invo lv ing  ammonia i n c l u d e  r e f r i g e r a t i o n  sys t ems  f o r  i c e  
s k a t i n g  r i n k s .  Ea r ly  i n d u s t r i a l  r e f r i g e r a t i o n  systems and i c e  houses  a l s o  
used ammonia as t h e  r e f r i g e r a t i o n  working f l u i d .  Ammonia commonly i s  used 
a s  a f e r t i l i z e r .  C h l o r i n a t i o n  sys tems s imi la r  i n  s c a l e  and f u n c t i o n  t o  t h e  
OTEC sys t em a r e  u s e d  f o r  mun ic ipa l  w a t e r  t r e a t m e n t  sys t ems  and f o r  
b i o f o u l i n g  c o n t r o l  i n  steam e l e c t r i c  power g e n e r a t i o n  systems (EPA 1974). 
Large volume s p i l l s  of c h l o r i n e  o r  ammonia on t h e  LBCS of s u f f i c i e n t  
magnitude t o  a f f e c t  t h e  p u b l i c  a t  l a r g e  a r e  u n l i k e l y ,  bu t  could r e s u l t  from 
s e v e r e  p l a n t  damage due t o  s a b o t a g e ,  l a r g e  s h i p  c o l l i s i o n s ,  o r  s torms  o r  
ea r thquakes  exceeding t h e  100-yr even t  s t a n d a r d  used f o r  p l a n t  des ign .  A 
major l e a k  caused by a c a t a s t r o p h i c  a c c i d e n t  o r  n a t u r a l  event  m i g h t  r e s u l t  
i n  a s p i l l  of s u f f i c i e n t  magnitude t o  k i l l  f i s h  i n  t h e  immediate a rea .  A 
cloud of ammonia o r  c h l o r i n e  vapor  from such a c a t a s t r o p h i c  i n c i d e n t  a l s o  
might sp read  beyond t h e  p l a n t  boundar ies .  

. 

A t  t h e  ave rage  t empera tu re  of Hawaiian s e a w a t e r ,  about 60% of a major 
s p i l l  of ammonia on t h e  s e a  s u r f a c e  w i l l  immediately d i s s o l v e  and r e a c t  
w i t h  s eawa te r .  The remaining 40% w i l l  d i s p e r s e  t o  t h e  atmosphere.  I n  a 
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s i g n i f i c a n t  subsu r face  d i s c h a r g e ,  a s  much a s  85-90% of t h e  ammonia would go 
i n t o  s o l u t i o n  (EPA 1977). Due t o  t h e  d i s s o c i a t i o n  r e a c t i o n  of ammonia i n  
wa te r ,  

NH3 + H20 --> NH4+ + OH', 

seawater  pH i n  the  v i c i n i t y  of a major s p i l l  w i l l  be e l e v a t e d  s u f f i c i e n t l y  
t o  cause  p r e c i p i t a t i o n  of c a r b o n a t e s  and m e t a l l i c  hydroxides  (Walsh 1981). 
Entrainment and d i l u t i o n  of s p i l l e d  ammonia and i t s  by-products i n  l o c a l  
c u r r e n t  f i e l d s  w i l l  resul t  i n  d i s p e r s i o n  of  t h e  s p i l l  plume and g r a d u a l  
r e t u r n  t o  normal seawater  c o n d i t i o n s .  Impacts t o  p l a n k t o n i c  and b e n t h i c  
communities w i l l  vary w i t h  t h e  e x t e n t  and p e r s i s t e n c e  of t o x i c  concent ra -  
t i o n s  r e s u l t i n g  from t h e  s p i l l ,  a s  well a s  w i t h  t h e  l o c a t i o n  of t h e  s p i l l .  
However, i n c o n s i s t e n c i e s  i n  p r i o r  assessments of c a t a s t r o p h i c  ammonia 
release (OTC 1984b) make i n t e r p r e t a t i o n  of proposed s c e n a r i o s  somewhat 
d i f f i c u l t .  Nearshore c u r r e n t  models of t h e  problem of ammonia release 
i n d i c a t e  a r ange  of p o t e n t i a l  t o x i c  plume d i s t r i b u t i o n s  of from 7 t o  53 km 
(encompassing t h e  m a j o r i t y  of t h e  Waianae c o a s t )  (Divoky e t  a l .  19841, and 
a cor responding  p e r s i s t e n c e  of from 2-1/4 t o  11 d .  
conf ined  l i m i t  of t h e  t o x i c i t y  r ange ,  t h e  t h r e a t  t o  t h e  c o a s t a l  benthos  
appea r s  s u f f i c i e n t  t o  war ran t  f u r t h e r  s tudy  and a d o p t i o n  of s t r i n g e n t  
m i t i g a t i o n  s t r a t e g i e s .  

Even a t  t h e  most 

A major c h l o r i n e  l e a k  a t  t h e  p l a n t  would r e l e a s e  l a r g e  volumes of 
c h l o r i n e  gas. Because c h l o r i n e  g a s  has  a d e n s i t y  much g r e a t e r  t h a n  t h a t  
of a i r ,  i t  w i l l  d i s s i p a t e  more s lowly  than  would a comparable s p i l l  of 
ammonia. 

The chemis t ry  of ch lo r ine - seawa te r  i n t e r a c t i o n s  was d i s c u s s e d  
p r e v i o u s l y  ( S e c t i o n  5.4). As w i t h  ammonia s p i l l s ,  n e a r s h o r e  c i r c u l a t i o n  
p a t t e r n s  w i l l  de te rmine  t h e  e x t e n t  and p e r s i s t e n c e  of t o x i c  c h l o r i n e  
c o n c e n t r a t i o n s  r e s u l t i n g  from a c a t a s t r o p h i c  s p i l l .  P rev ious  a s ses smen t s  
(OTC 1984b) have i n d i c a t e d  t h a t  phytoplankton  and zooplankton communities 
exposed t o  t o x i c  c h l o r i n e  l e v e l s  (20.02 mg 1-l) (Ha l l  e t  a l .  1981) w i l l  
be k i l l e d .  However, no assessment  of impacts  t o  a f f e c t e d  b e n t h i c  communi- 
t i e s  has been made, d e s p i t e  t h e  known s e n s i t i v i t y  of c o r a l  r e e f  communities 
t o  c h l o r i n e  exposure  ( Johannes  1975).  Although exchange r e a c t i o n s  w i t h  
o rgan ic  compounds i n  t h e  w a t e r  column proceed r e l a t i v e l y  slowly i n  
s u b t r o p i c a l  r e g i o n s  (Sansone and Kearney 19851, h i g h e r  c o n c e n t r a t i o n s  of 
o rgan ic  m a t e r i a l s  on b e n t h i c  s u r f a c e s  may r e s u l t  i n  more r a p i d  fo rma t ion  of 
p e r s i s t e n t ,  t o x i c  ha logenated  amines a s  a consequence of plume i n t e r a c t i o n  
w i t h  t h e  benthos.  S i m i l a r  d i s p e r s i o n  c a l c u l a t i o n s  t o  t h o s e  conducted f o r  
an ammonia s p i l l  p l a c e  t h e  n e a r s h o r e  benthos  a l o n g  t h e  Waianae c o a s t  a t  
s u b s t a n t i a l  p o t e n t i a l  r i s k .  

Hazard of Simultaneous h o n i a  C h l o r i n e  Release--Serious 
problems could r e s u l t  i f  t h e  ammonia and c h l o r i n e  s y s t e m s  r u p t u r e d  
s imul t aneous ly .  The p r o b a b i l i t y  of such an o c c u r r e n c e  i s  low, p a r t i c u l a r l y  
i f  U.S. Coast Guard (46 CFR 106)  and o t h e r  a p p l i c a b l e  r e g u l a t i o n s  a r e  
followed. The  combination of c h l o r i n e  p l u s  ammonia r e su l t s  i n  an e x p l o s i v e  
mix tu re  (Sax 1979).  T h e  r e a c t i o n  of ammonia p l u s  c h l o r i n e  i n  a i r  o r  i n  
seawater  can r e s u l t  i n  t h e  fo rma t ion  of h igh ly  t o x i c  o r  e x p l o s i v e  chemica ls  
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(Mellor 1 9 2 7 : ~ .  95; NFPA 1975; J o l l e y  and Carpen te r  1983). Such mixing 
could  be caused by c a t a s t r o p h i c  a c c i d e n t s  o r  n a t u r a l  e v e n t s  producing  
widespread ra ther  than  l o c a l  damage t o  t h e  LBCS. T h e  p o s s i b i l i t y  of such 
an occur rence  m u s t  be minimized, and t h e  impact of such e v e n t s  m u s t  be 
a s  ses sed f u r t h e r .  

5.9 Imoacts to _Fisheries 

The h a r v e s t i n g  of a renewable marine r e s o u r c e  c o n s t i t u t e s  a f i s h e r y ,  
r e g a r d l e s s  of w h e t h e r  such h a r v e s t i n g  i s  conducted f o r  r e c r e a t i o n a l  o r  
commercial purposes.  However, few s t a t i s t i c s  a r e  a v a i l a b l e  f o r  r e c r e a -  
t i o n a l  f i s h e r i e s ;  t h u s ,  f i s h e r y  impact c a l c u l a t i o n s  a r e  d e r i v a t i v e  of an 
incomplete d a t a  base.  I n h e r e n t  v a r i a b i l i t y  i n  r e c r e a t i o n a l  f i s h e r y  e f f o r t  
makes it v i r t u a l l y  imposs ib le  t o  r e l i a b l y  e s t i m a t e  noncommercial l and ings .  
For t h i s  r e a s o n ,  assessment of impacts of  t h e  40-Mwe OTEC p l a n t  w i l l  f o c u s  
on commercial f i s h e r i e s ,  w i t h  t h e  under ly ing  assumption t h a t  p r e d i c t e d  
e f f e c t s  d e s c r i b e  a lower l i m i t  a long  a continuum of p o t e n t i a l  impacts .  

. 

T h e  major t h r u s t  of t h e  commercial f i s h e r y  i n  Hawaii i s  i n  t h e  open 
ocean beyond 200 m i n  d e p t h ,  where pole-and-line sampans c a t c h  s k i p j a c k  
tuna  (E_atsgygmgg pgl,adis) and l o n g l i n e ,  hand l ine ,  and c h a r t e r  b o a t s  h a r v e s t  
ye l lowf in  and b igeye  t u n a s  (Thgnngs dh,ac_arss, 2- gbgsgs), a l b a c o r e  (Tr 
------ a l a l u n g g ) ,  s t r i p e d ,  P a c i f i c  b l u e ,  and b l a c k  m a r l i n s  (Tgtgpptgygs ggn~_ax_, 
------- Makaira nig_ricrgs, ,M. h d ~ ~ c _ a ) ,  swordf i sh  (Xiphi,as glgdigs), s p e a r f i s h  
(Tgtgg~tgtys ziigggtmirgstgia), s a i l f i s h  (As&ipphpggp p&y~&gus), wahoo 
(Actlsthqmypbg~ ml,andgi) , and mah imahi (Cgiyphpt~q,a hippgggs) 
f i s h e r i e s  i n c l u d e  a v a r i e t y  of commercial h a n d l i n e ,  n e t ,  t r a p ,  and 
r e c r e a t i o n a l  boa t s  which ca t ch  a w i d e  v a r i e t y  of demersal and b a t h y p e l a g i c  
s p e c i e s  i n c l u d i n g  snappers  (Family: L u t j a n i d a e ) ,  g o a t f i s h  (Family: 
Mul l idae ) ,  s e a b a s s  (Family: S e r r a n i d a e ) ,  and b i g e y e  and mackerel scad 
(Family: Carangidae).  The scad ( a k u l e )  l a n d i n g s  a r e  of c o n s i d e r a b l e  
importance,  be ing  second only  t o  t u n a  and b i l  If  i s h .  

Ne a r s h o r e  

T h e  a r e a  near  Kahe P o i n t  s u s t a i n s  a v a r i e d  and v a l u a b l e  f i s h e r y .  I n  
t h e  y e a r s  from 1976 t o  1980, 101 d i f f e r e n t  s p e c i e s  were i d e n t i f i e d  i n  t h e  
h a r v e s t  from t h e  a rea .  Hawaii D i v i s i o n  of Aquat ic  Resources r e c o r d s  show 
t h a t  t h e  ave rage  annual  c a t c h  was about 219 t w i t h  an annual  y i e l d  t o  commer- 
c i a l  f i shermen of $350,000. F i g u r e  5.3 d e p i c t s  t h e  f i s h e r y  r e p o r t i n g  a r e a s  
u s e d  by t h e  D iv i s ion  of Aquatic Resources f o r  compi l ing  f i s h e r y  c a t c h  da ta .  
Areas 402 and 422, n e a r s h o r e  and o f f s h o r e  of Kahe P o i n t ,  r e s p e c t i v e l y ,  a r e  
r e l e v a n t  t o  t h e  p r e s e n t  d i s c u s s i o n .  Tables  5.6 and 5.7 summarize commercial 
l and ings  i n  a r e a s  402 and 422 f o r  t h e  10-yr i n t e r v a l  between 1972 and 1981. 
I n  t h e  n e a r s h o r e  r e g i o n ,  t h e  s p e c i e s  of dominant commercial importance i s  
t h e  a k u l e ,  amounting t o  a s  much a s  95% of t o t a l  commercial l and ings .  Aku 
( s k i p j a c k  t u n a )  dominate t h e  o f f s h o r e  s t a t i s t i c s  t o  a comparable degree .  
Table  5.8 compares l a n d i n g s  of aku and a k u l e  i n  a r e a s  402 and 422 combined 
w i t h  f i g u r e s  f o r  t h e  e n t i r e  s t a t e .  Over t h e  IO-yr pe r iod  d e s c r i b e d ,  aku 
from t h e  Kahe P o i n t  r e g i o n  comprised roughly 5% of t h e  t o t a l  s t a t e  c a t c h ,  
and aku le  from Kahe amounted t o  about 7% of t h e  s t a t e -wide  t o t a l .  
Comparative s t a t i s t i c s  on t o t a l  commercial l a n d i n g s  and ex -vesse l  v a l u e  
f o r  t h e  combined a r e a s  o f f  Kahe Poin t  r e l a t i v e  t o  s t a t e w i d e  f i g u r e s  a r e  
p re sen ted  i n  Table  5.9. Over t h e  decade from 1972 t o  1981, t h e  Kahe 
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. 

Figure 5.3.--Chart showing s t a t i s t i c a l  squares  used 
i n  r e p o r t i n g  commercial c a t c h e s .  The two areas of 
i n t e r e s t  i n  t h i s  s tudy  are 402 and 422 ([Hawaii]  
DLNR 1979) 

P o i n t  a r e a  produced about 4% of t h e  t o t a l  r e p o r t e d  l a n d i n g s ,  r e p r e s e n t i n g  
roughly 3% of t h e  s t a t e w i d e  t o t a l  ex-vesse l  income. 

I n  terms of compara t ive  a r e a ,  t h e  Kahe P o i n t  r e g i o n  compr ises  on ly  
about 1% of t h e  a r e a  a v a i l a b l e  t o  Hawaiian f i shermen.  T h e  a r e a ' s  
r e l a t i v e l y  high p r o d u c t i v i t y  d e r i v e s  from t h e  h i g h e r  f i s h i n g  e f f o r t  e x e r t e d  
there d u e  t o  popu la t ion  c o n c e n t r a t i o n s ,  e a s e  of a c c e s s ,  and t h e  f a c t  t h a t  
t h e  Waianae c o a s t  i s  a p r o t e c t e d ,  lee  shore .  

and Larvae  of Impor tan t  a e c i e s - - D a t a  on abundance and 
d i s t r i b u t i o n  of i ch thyop lank ton  i n  t h e  Kahe Po in t  r e g i o n  were p r e s e n t e d  i n  
S e c t i o n  3.2. 
h a b i t s  of f i s h e s  and wa te r  movement i n  and near spawning a reas .  Most of 
t h e  impor tan t  r e e f  s p e c i e s  have p e l a g i c  eggs and appear  t o  spawn a t  times 
and l o c a t i o n s  where t h e  eggs w i l l  be  q u i c k l y  moved o f f s h o r e  t o  a r e a s  where 
p r e d a t o r s  may be less  abundant.  
Hawaii by L e i s  (1982) who found r e e f  f i s h  eggs more abundant 3.0 km from 
shore  than  0.2 km o u t ,  and Miller (1974) who r e p o r t e d  t h a t  l a r v a e  of some 
f i s h  were more abundant 50 km o f f  Oahu than  5 km o u t .  La rva l  d i s t r i b u t i o n  
of p e l a g i c  s p e c i e s  may be much d i f f e r e n t .  M i l l e r  e t  a l .  (1979) r e p o r t e d  
t u n a  l a r v a e  t o  be much more abundant n e a r s h o r e  and on t h e  leeward r a t h e r  
t han  windward c o a s t .  It  appea r s  l i k e l y  t h a t  h i g h  s u r f a c e  d e n s i t i e s  o f  
l a r v a e  a r e  produced by wind d r i v e n  upwel l ing  of l a y e r s  of wa te r  c o n t a i n i n g  

S p a t i a l  d i s t r i b u t i o n  of l a r v a e  depends on r e p r o d u c t i v e  

T h i s  p a t t e r n  h a s  been s u b s t a n t i a t e d  i n  
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Table 5.6.--Summary t a b l e  of t h e  r e p o r t e d  commercial c a t c h e s  made i n  Area 402 
a f f r o n t i n g  Kahe Po in t  ove r  t h e  1972-81 p e r i o d  broken down by f i s h e r y  ( p e r c e n t  
by weight.  inshore .  bottom f i s h .  and p e l a g i c )  and t h e  c o n t r i b u t i o n  of aku le  
t o  t h e  t o t a l  ca tch .  (Data from Brock 1983b.) 

Percen t  Pe rcen t  Pe rcen t  Percent  
Ex-vessel CatchJha c a t c h  c a t c h  c a t c h  c a t c h  

Year Catch (kg) v a l u e  $ (kg) i n s h o r e  bot tom f i s h  p e l a g i c  a k u l e  
8 

1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 

33.337 
67.340 
13 . 846 
19.686 
28,670 
22.830 
21 . 724 
23 , 803 
27 . 869 
34,072 

37,298 
83,521 
27 . 133 
31.373 
54,036 
40.737 
56,053 
52.809 
59,430 
85 . 884 

7.6 
15.3 
3.2 
4.5 
6.5 
5.2 
4.9 
5.4 
6.3 
7.7 

92 
97 
79 
71 
70 
74 
85 
81 
83 
91 

8 
3 
19 
14 
10 
8 
11 
18 
14 
8 

>1 
> I  
2 
15 
20 
18 
4 
1 
3 
1 

81 
88 
46 . 
95 
44 
20 
29 
41 
61 
77 

Table 5.7.--Summary t a b l e  of t h e  r e p o r t e d  commercial c a t c h e s  made i n  Area 422 
o f f s h o r e  of Kahe P o i n t  ove r  t h e  1972-81 p e r i o d  broken down by f i s h e r y  ( p e r c e n t  
by weight--pelagic .  bottom f i s h ,  o r  i n s h o r e )  and t h e  c o n t r i b u t i o n  of s k i p j a c k  
tuna  (aku)  t o  t h e  t o t a l  ca tch .  (Data from Brock 1983b.) 

P e r  c e n t  Pe rcen t  P e r c e n t  Pe rcen t  
Ex-vessel Catch/ha c a t c h  c a t c h  c a t c h  c a t c h  

Year Catch (kg) v a l u e  $ (kg) p e l a g i c  bot tom f i s h  i n s h o r e  a k u l e  

1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 

238 . 483 
440.336 
148.11 1 
3 4,002 
23 8 . 756 
164,374 
244.607 
179.455 
1 46 . 5 28 
149,895 

1 46 . 6 96 
281 . 255 
142.822 
34.845 
257 . 539 
217 . 753 
363 . 620 
263 . 684 
270,212 
296 , 3 67 

3.7 
6.9 
2.3 
0.5 
3.7 
2.6 
3.8 
2.8 
2.3 
2.3 

100 
100 
99 
94 
97 
99 
100 
100 
99 
99 

>1 
>1 
1 
5 
3 
1 
>1 
>1 
>1 
1 

92 
97 
92 
48 
82 
83 
85 
84 
80 
82 
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Table 5.8.--Table of comparat ive s k i p j a c k  t u n a  (aku)  and a k u l e  r e p o r t e d  
commercial c a t c h e s  made i n  H a w a i i  S t a t e  and t h e  Kahe Po in t  s tudy  area 
(Areas 402 and 422 combined) f o r  t h e  1972-80 p e r i o d .  
D iv i s ion  of  Aquat ic  Resources commercial c a t c h  s t a t i s t i c s .  

Data from t h e  

Percent  c o n t r i b u t e d  
State t o t a l  Study area t o t a l  by s tudy  area t o  

l a n d i n g s  (kg) l a n d i n g s  (kg) s ta te  t o t a l s  

Year AkU Akul e A k U  Akul e A k U  Akul e 

. 
197 2 
1973 
1974 
1975 
197 6 
1977 
1978 
1979 
1980 

4,962.445 

3,380,070 
2,297.35 4 
4,452.813 
3,522.880 
3,088,221 
2,334,201 
1 , 733 , 158 

4,886 , a7 7 
238,245 
263.762 
246,735 
197,510 
411,155 
299 . 7 3 8 
166.965 
167 , 013 
231,561 

218.457 
426,950 
136.148 
18,926 
201 , 691 
139 . 976 
2 08 , 5 93 
151,562 
117 . 706 

27,352 
59.132 
6.786 
9,061 
13,504 
5 , 262 
6,245 
9.783 
16.929 

11 
22 
3 
5 
3 
2 
4 
6 
7 

f a i r l y  dense  l a r v a l  c o n c e n t r a t i o n s .  I n  t h e  mid-Pac i f ic  H i r o t a  (1977) 
found: (1) t h a t  t h e  larvae of commercially impor t an t  t u n a  occur  more 
abundant ly  i n  t h e  neus ton  l a y e r  t h a n  from 1 t o  200 m. (2) t h e  s p e c i e s  i n  t h e  
1-200 m l a y e r  are p r i m a r i l y  midwater forms, and (3) few l a r v a l  f i s h  occur  
between 200 and 1,000 m. 

I n  view of t h e  s u s c e p t i b i l i t y  of e a r l y  l i f e  h i s t o r y  s t a g e s  of  commer- 
c i a l l y  impor tan t  f i s h  t o  entrainment- induced m o r t a l i t y ,  p r e c i s e  d a t a  on 
s p a t i a l  d i s t r i b u t i o n  of eggs  and larvae are p r e r e q u i s i t e  t o  r e l i a b l e  impact 
c a l c u l a t i o n s .  The des ign  i n t a k e  r e g i o n  encompasses a r e l a t i v e l y  narrow 
ver t ica l  range (OTC 1984a). However, most e x t a n t  d a t a  on i ch thyop lank ton  
d i s t r i b u t i o n  are de r ived  from o b l i q u e  h a u l s  (e.g. ,  Bienfang 1983) which 
i n t e g r a t e  biomass d i s t r i b u t i o n  ove r  t h e  e n t i r e  d e p t h  of t h e  survey .  
S p e c i f i c  s t u d i e s  are planned t o  d e f i n e  v e r t i c a l  d i s t r i b u t i o n  p a t t e r n s  of 
ich thyoplankton  o f f  Kahe Po in t .  

Habitat-Related Impacts--A v a r i e t y  of component e lements  of t h e  marine 
environment a f f e c t  r e c r u i t m e n t ,  s u r v i v a l .  and r e p r o d u c t i v e  rates of  f i s h e r y  
organisms. During i t s  l i f e  cyc le ,  an i n d i v i d u a l  s p e c i e s  may r e l y  upon 
a v a i l a b i l i t y  of d i f f e r e n t  h a b i t a t s  (e.g.  , c o r a l  r e e f s ,  sediment  f l a t s ,  
mangroves, e t c . )  a t  s u c c e s s i v e  development s t a g e s .  Thus, impacts  on 
f i s h e r y  h a b i t a t s  may be of g r e a t e r  importance t h a n  d i r e c t  impacts  on t h e  
s p e c i e s  themselves ,  p a r t i c u l a r l y  f o r  nea r shore  OTEC s i t e s  (Naughton pe r s .  
commun. 1984). 
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Table  5.9.--Table of t h e  t o t a l  r e p o r t e d  s t a t e  commercial f i s h  l a n d i n g s  and 
ex-vessel v a l u e  f o r  t h e  p e r i o d  1972-80 compared t o  t h e  l a n d i n g s  t aken  and 
the v a l u e  made i n  t h e  Kahe Po in t  s tudy  area (Areas 402 and 422 combined). 
Data from t h e  Div i s ion  of Aquat ic  Resources commercial c a t c h  s ta t is t ics .  

Pe rcen t  by s tudy  
S t a t e  t o t a l  Study area t o t a l  area t o  s ta te  t o t a l s  

Commercial Ex-vessel Landings Ex-vessel By By ex-vessel 
Year l a n d i n g s  (kg) v a l u e  $ (kg) v a l u e  $ weight  v a l u e  $ 

1972 
1973 
1974 
1975 
1976 
1977 
197 8 
1979 
1980 

6,706,670 
6,537,455 
5,147 , 1 55 
4,420,213 
6,941,976 
6,265,170 
6,036,821 
4,7 86,69 2 
4,5 16,824 

5,7 39.3 70 
6,105,259 
6,001,366 
6,288,002 
8,858,440 

10,23 8,243 
12,214,553 
10,447,95 8 
19,7 25,4 86 

27 1,820 
507,676 
161,957 
53,688 

267,426 
187,204 
266,331 
203,258 
174,397 

183,994 
364,776 
169,955 

311,575 
258,490 
419,673 
316,493 
3 29,6 42 

66,218 

3 . 
6 
3 
1 
4 
3 
3 
3 
2 

Q u a n t i t a t i v e  estimates of h a b i t a t  m o d i f i c a t i o n  due t o  OTEC p l a n t  
c o n s t r u c t i o n  were p resen ted  i n  S e c t i o n  4, a long  w i t h  e x t r a p o l a t i o n s  of 
biomass f i g u r e s  from r e g i o n a l  su rveys  t o  a n  estimate of p r o j e c t e d  
OTEC-associated r e e f  f i s h  biomass. Enhanced p o p u l a t i o n s  of f i s h e r y  
organisms w i l l  r e s u l t  i n  commensurate enhancement of f i s h i n g  e f f o r t  which 
w i l l  have a feedback  e f f e c t  on f i s h e r y  s t a n d i n g  s tocks .  However, t h e  
i n t e g r a t e d  i n f l u e n c e s  of h a b i t a t - r e l a t e d  e f f e c t s  on Kahe Po in t  r e g i o n a l  
f i s h e r i e s  cannot  b e  r e l i a b l y  p r e d i c t e d  u s i n g  t h e  e x i s t i n g  d a t a  base .  

P h y s i c a l  e f f e c t s  of t h e  proposed p l a n t  on n e a r s h o r e  c i r c u l a t i o n  
p a t t e r n s  were examined by Divoky e t  al. (1984) .  
organisms i n  eddy f i e l d s  r e s u l t i n g  from t h e  LBCS i n t e r a c t i o n  w i t h  
p r e v a i l i n g  t i d a l  c u r r e n t s  may enhance rates of r e c r u i t m e n t  of r e e f  
community organisms, b u t  s i n c e  t h e  LBCS i s  on ly  expec ted  t o  have minor and 
l o c a l i z e d  e f f e c t s  on c o a s t a l  c u r r e n t s ,  l i t t l e  a d d i t i o n a l  r e c r u i t m e n t  i s  
l i k e l y .  The most s i g n i f i c a n t  impact  on c i r c u l a t i o n  w i l l  be due t o  t h e  n e t  
t r a n s p o r t  of c o a s t a l w a t e r s  o f f s h o r e  due t o  l a r g e  volumes of  w a r m w a t e r  
wi thdrawal .  E f f e c t s  of water wi thdrawal  are d i s c u s s e d  subsequen t ly .  

Entrainment  of  larval 

Impacts Related to Attract ion-The a t t r a c t i o n  or avoidance of  f i s h  
towards o b j e c t s  i n  t h e  sea, l i g h t  and n o i s e  i s  a known phenomenon t h a t  i s  
expec ted  t o  occur  w i t h  OTEC o p e r a t i o n s ,  whether  t hey  be open ocean 
p l a n t s h i p s ,  s t a t i o n a r y  towers, moored p l a t fo rms ,  or land-based p l a n t s  ( s e e  
S e c t i o n  5.1) .  S e k i  (1983) has  summarized a v a i l a b l e  i n f o r m a t i o n  on t h i s  
t o p i c  and r e l a t e d  i t  t o  OTEC development;  t h e  f o l l o w i n g  i s  a b r i e f  synops i s  
of h i s  f i n d i n g s .  
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The  a t t r a c t i o n  of f i s h e s  t o  f r e e - f l o a t i n g  and anchored o b j e c t s  o r  
s t r u c t u r e s  has  been s t u d i e d  throughout  t h e  w o r l d ' s  t r o p i c a l  and s u b t r o p i c a l  
waters. The o b j e c t s  which f i s h e s  have been obse rved  t o  a s s o c i a t e  w i th  
inc lude  d r i f t i n g  seaweed ( S e n t a  19661, dr i f twood  (Yabe and Mori 1950;  Inoue 
e t  a l .  1963; Hunter and M i t c h e l l  1967; Inoue e t  a l .  19681, man-made r a f t s  
(Kojima 1960; Gooding and Magnuson 1967)  and a r t i f i c i a l  s u r f a c e s  o r  midwater 
s t r u c t u r e s ,  i n c l u d i n g  commercial f i s h  a g g r e g a t i n g  d e v i c e s  (FAD's) (Hunter  
and Mi tche l l  1968; K l i m a  and Wickham 1971; Wickham e t  a l .  1973; Wickham and 
R u s s e l l  1974; Matsumoto e t  a l .  19811. Tunas dominate  t h e  c a t c h  of t h e  
pole-and-line,  t r o l l i n g ,  hand l ine ,  and p u r s e  s e i n e  b o a t s  f i s h i n g  around 
FAD's as evidenced by some c a t c h  d a t a  ob ta ined  from K i r i b a t i ,  Western 
Samoa, F i j i ,  and Hawaii (Shomura and Matsumoto 1 9 8 2 ) .  The expe r imen ta l  

c a t c h e s  around FAD's i n  t h e  P a c i f i c .  Matsumoto r e p o r t e d  t h a t  s k i p j a c k  tuna  
r e p r e s e n t e d  n e a r l y  90% of t h e  c a t c h  by t h e  pole-and-l ine boa t s .  These f i s h  
ranged from 0.9 t o  5.4 kg and sometimes ove r  9 .1  kg. Un l ike  pole-and-line 
b o a t s ,  t r o l l i n g  b o a t s  had a much more d i v e r s i f i e d  ca tch .  Tunas (most ly  
y e l l o w f i n  t u n a ) ,  and s k i p j a c k  t u n a  s t i l l  dominated t h e  c a t c h  a l though  
m a h i m a h i  c o n s t i t u t e d  t h e  l a r g e s t  pe rcen tage  of  s i n g l e  s p e c i e s  caught .  

(I s tudy  by Matsumoto e t  a l .  (1981)  provided the  most d e t a i l e d  r e c o r d s  of  

Another t u n a  f i s h e r y  which u t i l i z e s  FAD's ( i n  con junc t ion  w i t h  an 
a r t i f i c i a l  l i g h t  s o u r c e )  i n  Hawaii i s  t h e  i k a - s h i b i  o r  t h e  n i g h t  hand l ine  
f i s h e r y  f o r  tuna.  Although t h i s  r a p i d l y  growing f i s h e r y  u t i l i z e s  ex t remely  
s imple  g e a r  ( a  s i n g l e  hook and a l i n e )  a s  compared w i t h  t h e  l o n g l i n e r s  and 
l a r g e  p u r s e  s e i n e r s ,  i t  i s  an ex t remely  e f f e c t i v e  method a s  i n d i c a t e d  by t h e  
mean c a t c h  r a t e  of  approximately two f i s h  p e r  hook p e r  n i g h t  (Yuen 1 9 7 9 ) .  

I n  comparison t o  f l o a t i n g  OTEC s t r u c t u r e s ,  t h e  land-based, tower,  and 
man-made i s l a n d  d e s i g n s  of  OTEC p l a n t s  a re  expec ted  t o  f u n c t i o n  as 
a r t i f i c i a l  r e e f s ,  d u p l i c a t i n g  t h o s e  c o n d i t i o n s  t h a t  cause  c o n c e n t r a t i o n s  of  
f i s h e s  and i n v e r t e b r a t e s  on n a t u r a l  r e e f s  and rough bottom a r e a s .  The 
e f f e c t  would be s i m i l a r  t o  t h a t  of o f f s h o r e  o i l  p l a t f o r m s ,  which have 
r e s u l t e d  i n  an i n c r e a s e  i n  o f f s h o r e  s p o r t  f i s h i n g  i n  t h e  immediate a r e a .  

Numerous s t u d i e s  have d e s c r i b e d  t h e  v a r i e t y  of  f i s h e s  which have been 
a t t r a c t e d  t o  a r t i f i c i a l  r e e f s  a t  v a r i o u s  s i t e s .  I n  a l l  s t u d i e s ,  t h e  many 
d i f f e r e n t  s p e c i e s  found g e n e r a l l y  r e p r e s e n t  s i m i l a r  b a s i c  broad b e h a v i o r a l  
c l a s s e s  (such as t h e  Turner  e t  a l .  (1969)  r e e f  o r  nonreef  a s s o c i a t e s ;  t h e  
former f u r t h e r  s p l i t  i n t o  r e s i d e n t  o r  s e m i r e s i d e n t ) .  Four r e e f s  were 
e s t a b l i s h e d  a t  v a r i o u s  s i t e s  i n  Hawaii  between 1960 and 1973,  u s i n g  
p r i m a r i l y  car bod ies ,  damaged c o n c r e t e  p i p e s ,  and o l d  c a r  t i r e s  f i l l e d  w i t h  
mortar .  The sou the rn  boundary of a r e e f  c r e a t e d  on one of  these s i tes  
(Waianae) on t h e  wes te rn  c o a s t  of t h e  i s l a n d  of Oahu i s  a t  l a t .  2 lo25 .1 'N ,  
long. 158"11.6'W (Kanayama and Onizuka 19731,  on ly  3 nmi from t h e  p r e s e n t  
OTEC benchmark survey s i t e  a t  l a t .  21°19.5 'N,  long.  158"12.5'W o f f  Kahe 
Poin t .  Sampling a long  a f i s h  t r a n s e c t  e s t a b l i s h e d  b e f o r e  t h e  r e e f  con- 
s t r u c t i o n  i n d i c a t e d  t h e  p re sence  of 32 d i f f e r e n t  s p e c i e s  and a s t a n d i n g  
c rop  of 46.7  kg of f i s h  p e r  a c r e .  
one composed of c a r  bod ie s  and t h e  o t h e r  of damaged c o n c r e t e  p ipes .  
s p e c i e s  of f i s h e s  ( s t a n d i n g  c rop  e s t i m a t e d  a t  576 .5  kg p e r  a c r e )  were 
p r e s e n t  a t  t h e  car body s e c t i o n .  This  was a t e n f o l d  i n c r e a s e  o v e r  t h e  

The r e e f  was c o n s t r u c t e d  i n  two s e c t i o n s ,  
T h i r t y  
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p r e r e e f "  count.  The c o n c r e t e  p i p e  s e c t i o n  showed a f i v e f o l d  i n c r e a s e  of II 

45 f i s h  s p e c i e s  and a s t a n d i n g  c r o p  e s t ima ted  a t  225 kg p e r  a c r e .  

The a t t r a c t i o n  o f  v a r i o u s  mar ine  organisms t o  l i g h t  i s  a phenomenon 
t h a t  has  been used i n  t h e  h a r v e s t i n g  of f i s h  f o r  many yea r s .  Mackerel and 
b igeye  scad  (Yamaguchi 1953; Powell  19681, v a r i o u s  s p e c i e s  of t u n a  (Yuen 
19791, and squ id  (Ogura and Nasumi 19761, are caught  by t h e  use of  n igh t  
l i g h t s .  Conversely,  c e r t a i n  s p e c i e s  a r e  known t o  avoid l i g h t  (e.g., 
menpachi, ljygi~gjssig amaenug), and f i s h e r i e s  f o r  t h e s e  an ima l s  a r e  
conducted only  on t h e  d a r k e s t  n i g h t s  of t h e  l u n a r  per iod .  
would n o t  p e r s i s t  i n  t h e  area of  t h e  OTEC p l a n t .  

Such a f i s h e r y  

The major f i s h e r y  impact r e l a t e d  t o  p l a n t  a t t r a c t i o n  i s  expec ted  t o  be  
t h e  biomass l o s s  due  t o  water withdrawal .  L i g h t s  c o n s t i t u t e  an  impor tan t  
component of t h i s  l o s s ,  s i n c e  many larvae and weak-swimming forms which a r e  
a t t r a c t e d  t o  t h e  l i g h t s  w i l l  be  s u s c e p t i b l e  t o  en t r a inmen t  o r  impingement. 
Losses  of biomass t o  water wi thdrawal  are d i s c u s s e d  f u r t h e r  i n  t h e  
fo l lowing  s e c t i o n .  

Xmpinp;emeat Effects--As no ted  i n  S e c t i o n s  5.2 and 5.3, organisms 
e n t r a i n e d  by t h e  i n t a k e s  of an OTEC p l a n t  w i l l  e i t he r  b e  impinged on 
s c r e e n s  p l aced  t o  p reven t  l a r g e r  o b j e c t s  from e n t e r i n g  and c l o g g i n g  
c r i t i c a l  p a r t s  of t h e  p l a n t ,  o r  e n t r a i n e d  and t r a n s p o r t e d  through t h e  p l a n t  
and then  d i scha rged .  I n  pas sage  through the p l a n t ,  e n t r a i n e d  organisms 
w i l l  be  s u b j e c t  t o  a number of stresses such as  t empera tu re  and p r e s s u r e  
changes,  and chemica l  a d d i t i o n s .  Upon d i s c h a r g e  t o  t h e  environment 
e n t r a i n e d  organisms w i l l  b e  r e d i s t r i b u t e d  i n  t h e  water column a long  w i t h  
a d d i t i o n a l  organisms e n t r a i n e d  i n t o  t h e  d i s c h a r g e  plume. The a r t i f i c i a l  
upwel l ing  of n u t r i e n t s  and o t h e r  c o n s t i t u e n t s  con ta ined  i n  t h e  deepe r ,  
c o l d e r  w a t e r s  and t h e i r  subsequent  r e d i s t r i b u t i o n  may a l s o  e f f e c t  some 
b i o l o g i c a l  changes. 

Impingement a t  c o a s t a l  power p l a n t s  has  been an e c o l o g i c a l  problem 
( l o s s  of a l a r g e  number of organisms) ,  an  o p e r a t i o n a l  problem ( r e d u c t i o n  i n  
coo l ing  wa te r  f low) ,  and a cost problem (removal and d i s p o s a l  of organisms) .  
School ing f i s h  are e s p e c i a l l y  s u s c e p t i b l e ,  and impingement m o r t a l i t i e s  may 
invo lve  m i l l i o n s  o f  i n d i v i d u a l s .  I n  one i n c i d e n t ,  2 m i l l i o n  menhaden a t  
t h e  M i l l s t o n e  P l a n t  i n  Connect icu t  were impinged and caused a shutdown of 
t h e  p l a n t  by reducing  t h e  coo l ing  wa te r  f low.  These m o r t a l i t i e s  are  
be l i eved  by some e c o l o g i s t s  t o  be  r each ing  p r o p o r t i o n s  which may cause  
popu la t ion  damage (Van Winkle 1977) .  

Impinged organisms g e n e r a l l y  f a l l  i n t o  t h e  micronekton s i z e  ca t egory  
(2-20 cm) and i n c l u d e  f i s h ,  macroplanktonic  c r u s t a c e a n s ,  cephalopods and 
g e l a t i n o u s  organisms s u c h  as c o e l e n t e r a t e s ,  s a l p s ,  and c tenophores .  
Micronekton a r e  an impor tan t  i n t e r m e d i a t e  s t e p  i n  t h e  food cha in  between 
t h e  zooplankton and commercial ly  important  f i s h .  The s i g n i f i c a n c e  of 
l a r g e - s c a l e  m o r t a l i t i e s  due t o  impingement a t  c o a s t a l  power p l a n t s  i n  
tempera te  waters has  not  been q u a n t i f i e d  from f i e l d  d a t a ,  and t h e r e  i s  
p r e s e n t l y  no conc lus ive  ev idence  of a c t u a l  p o p u l a t i o n  d e c l i n e s  i n  any 
s p e c i e s  due t o  impingement l o s s e s .  

. 
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Attempts have been made t o  model OTEC e f f e c t s  on p o p u l a t i o n s  (e.g., 
Atkinson 1984a1, bu t  there i s  a l a c k  of d a t a  f o r  t h e  model pa rame te r s ,  
e s p e c i a l l y  f o r  n a t u r a l  m o r t a l i t y  rates. In  g e n e r a l ,  t h e  d a t a  b a s e  f o r  
t r o p i c a l - s u b t r o p i c a l  w a t e r s  i s  even more d e f i c i e n t  t han  f o r  t empera t e  
waters. 
waters t o  s y s t e m a t i c a l l y  c o l l e c t  samples of micronekton. The re fo re ,  i t  i s  
d i f f i c u l t  t o  estimate t h e  impingement r a t e .  S u l l i v a n  and Sands (19801, 
u s i n g  d a t a  from w a t e r s  o f f  of Oahu, Hawaii, e s t i m a t e d  an impingement of 420 
kg d a i l y  f o r  t h e  warmwater s c r e e n  of  a 400-MWe OTEC p l a n t  and concluded t h a t  
t h i s  l o s s  i s  probably  i n s i g n i f i c a n t  when t h e  rep lacement  a b i l i t y  of t h e  
micronekton popu la t ion  i n  t h e  sur rounding  r e g i o n  i s  cons ide red .  T h i s  
e s t i m a t e  ( c o r r e c t e d  f o r  d i f f e r e n c e  i n  p l a n t  s c a l e )  i s  about  t h e  same a s  t h e  
upper range  of impingement e s t i m a t e s  developed i n  S e c t i o n  5.2.  

Few q u a n t i t a t i v e  s t u d i e s  have been made i n  t r o p i c a l - s u b t r o p i c a l  

Adult commercial p e l a g i c  f i s h e s  i n  t h e  Kahe P o i n t  a r e a  a r e  p robab ly  
not  s u s c e p t i b l e  t o  impingement on t h e  warmwater i n t a k e  s c r e e n  due t o  t h e  
low i n t a k e  v e l o c i t y .  
be impinged on t h e  warmwater i n t a k e  s c r e e n ,  bu t  these f i s h e s  a r e  not  
commercially important.  Adult f i s h  impinged a t  t h e  cold-water i n t a k e  
s c r e e n ,  should such a s t r u c t u r e  be inc luded  i n  t h e  f i n a l  des ign ,  a l s o  
would be most ly  sma l l  mesopelag ic  forms t h a t  a r e  r e l a t i v e l y  weak swimmers. 
Thus ,  there  should  be no immediate e f f e c t  on f i s h e r i e s  from impingement of 
a d u l t  p e l a g i c  f i s h e s  on e i ther  t h e  warm o r  co ld-water  i n t a k e  sc reen .  

Adul t s  of  some v e r t i c a l l y  m i g r a t i n g  myctophids might 

Impingement a t  t h e  warmwater i n t a k e  s c r e e n  may a f f e c t  j u v e n i l e s  of 
e p i p e l a g i c  and i n s h o r e  f i s h e s  t aken  commercially as a d u l t s ,  such a s  
scombrids,  b i l l f i s h e s ,  mahimahi, and c a r a n g i d s .  Although i t  can be assumed 
t h a t  a l l  j u v e n i l e s  impinged on t h e  s c r e e n  w i l l  s u f f e r  m o r t a l i t y ,  t h e  
maximum s i z e  of j u v e n i l e s  t h a t  would be impinged v a r i e s  among s p e c i e s .  
Lack of d a t a  on s p e c i e s - s p e c i f i c  s u s c e p t i b i l i t y  a s  well a s  g e n e r a l  
d i s t r i b u t i o n  and abundance of j u v e n i l e s  of commercially impor tan t  s p e c i e s  
i n  t h e  Kahe Po in t  a r e a  p r e c l u d e s  t h e  d e r i v a t i o n  of f i s h e r y  l o s s  e s t i m a t e s  
due t o  impingement. 

Pr imarp  Entrainment--Inadequate v e r t i c a l  d i s t r i b u t i o n  and d e n s i t y  d a t a  
make i t  d i f f i c u l t  t o  a s s e s s  e f f e c t s  of primary en t r a inmen t  on f i s h  eggs and 
l a r v a e  of most commercially impor tan t  f i s h  s p e c i e s  o f f  Kahe Po in t .  Miller 
e t  a l .  (1979) i d e n t i f i e d  l a r v a e  of f i v e  s p e c i e s  (Ch_a_ngg &n_ngg, _Cgry~h_aen_a -- h i E E u r u s  --------- Abudefduf -----------¶ abdominal i s  ------- Thunnus ,,-,,--,,* a l b a c a r e s  and Eg&hp_ngt~ g f i ~ n i g )  
and l a r v a e  of  f i v e  o t h e r  f a m i l i e s  (Kyphosidae, Labr idae ,  Mul l idae ,  
Scorpaenidae,  and T e t r a o d o n t i d a e )  which a r e  u t i l i z e d  commercially.  However, 
more than  90 s p e c i e s  u t i l i z e d  commercially were no t  sampled d u r i n g  M i l l e r ' s  
survey 

Although some d a t a  a r e  a v a i l a b l e  f o r  d e n s i t i e s  n e a r  Kahe P o i n t  of eggs 
and l a r v a e  of c e r t a i n  commercially important s p e c i e s ,  d i s t r i b u t i o n s  depend 
on l a r g e - s c a l e  p a t t e r n s  of wa te r  movement which a r e  i n  g e n e r a l  no t  w e l l  
understood ( s e e  Divoky e t  a l .  1984).  T h u s  e x i s t i n g  e s t i m a t e s  of egg and 
l a r v a l  en t r a inmen t  a r e  ex t remely  tenuous ,  and a s  w i t h  p rev ious  a s ses smen t s ,  
t h e  f o l l o w i n g  c a l c u l a t i o n s  m u s t  be  viewed w i t h  c a u t i o n .  
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S t u d i e s  of t h e  e f f e c t s  of co ld  thermal  shock on eggs and l a r v a e  of 
r e e f  and p e l a g i c  f i s h  common i n  t h e  Kahe P o i n t  a r e a  have i n d i c a t e d  t h a t  
s i g n i f i c a n t  l e v e l s  of e x c e s s  m o r t a l i t y  resu l t  from exposure  t o  s c e n a r i o s  
analogous t o  t h e  thermal  time c o u r s e  of pas sage  through an OTEC p l a n t  
(Lamadrid-Rose and Boehler t  1986).  In  view of t h e  a d d i t i o n a l  stresses 
( a b r a s i o n ,  s h e a r  f o r c e s ,  b i o c i d e s )  imposed on e n t r a i n e d  organisms, t h e  
assumption of  100% m o r t a l i t y  i s  r e a s o n a b l e .  Assuming t h a t  i ch thyop lank ton  
are nonmotile,  e s t i m a t e s  of egg and l a r v a  l o s s  due  t o  OTEC en t r a inmen t  may 
be de r ived  from e x t r a p o l a t i o n s  based on egg and l a r v a  d e n s i t y  and water  
flow r a t e s .  D e n s i t i e s  of s k i p j a c k  and y e l l o w f i n  t u n a s  and b i l l f i s h  l a r v a e  
have been measured i n  Hawaiian open ocean s u r f a c e  wa te r s  (Matsumoto 1984).  
I n  a d d i t i o n ,  Higgins  (1970) c o l l e c t e d  d a t a  on t u n a  l a r v a e  caught  by midwater 
trawls i n  t h e  a r e a  of t h e  proposed OTEC p l a n t .  I n  g e n e r a l ,  Higgins '  * 
e s t i m a t e s  are 2-3 times lower than  t h o s e  of Matsumoto. I n  view of t h e  
u n c e r t a i n t i e s  of l a r v a l  d i s t r i b u t i o n ,  c o n s i d e r i n g  a r a n g e  of v a l u e s  i s  
probably prudent .  P r o j e c t e d  s k i p j a c k  tuna  en t r a inmen t  r a t e s  r a n g e  from 
22,300 t o  50,000 l a r v a e  p e r  day;  y e l l o w f i n  tuna  l a r v a e  en t r a inmen t  ranges  
from 6,900 t o  20,500 pe r  day. Open ocean measurements of b i l l f i s h  l a r v a l  
d e n s i t y  ( P a c i f i c  b l u e  m a r l i n ,  s a i l f i s h ,  and s h o r t b i l . 1  s p e a r f i s h )  l ead  t o  a 
d a i l y  en t r a inmen t  e s t i m a t e  of about  5,400. Given t h a t  t h e  spawning pe r iod  
of each of these s p e c i e s  i s  around 6 mo (Matsumoto 19841, s e a s o n a l  ( annua l )  
en t r a inmen t  estimates may be d e r i v e d  from t h e  d a i l y  f i g u r e s .  
has e s t ima ted  annual  r a t e s  of en t r a inmen t  of y e l l o w f i n  t u n a  by t h e  HE1 Kahe 
power p l a n t .  Correc ted  f o r  d i f f e r e n c e s  i n  w a t e r  volume t r a n s p o r t ,  h i s  
e s t i m a t e  i s  13.1 x lo6 e n t r a i n e d  a h i  l a r v a e  p e r  yea r .  Although somewhat 
h igher ,  t h e  e s t i m a t e  i s  roughly c o r r o b o r a t i v e  of t h e  p rev ious  e s t i m a t e s .  
However, i n  a series of s u r f a c e  samples t aken  n e a r  t h e  proposed s i t e  of t h e  
LBCS, Miller (1974) ob ta ined  mean daytime y e l l o w f i n  tuna  l a r v a e  abundances 
of 7.8/1,000 m3, and n i g h t t i m e  v a l u e s  a s  high a s  441//1,000 m3. 
r ea sons  f o r  these high l a r v a l  d e n s i t i e s  a r e  u n c l e a r ,  and t h e y  have not  been 
r e p l i c a t e d  i n  o t h e r  samples. Miller s u g g e s t s  t h a t  n e a r s h o r e  upwel l ing  
followed by onshore  movement of w a t e r s  from o f f  t h e  Waianae c o a s t  caused 
t h e  l a r v a l  c o n c e n t r a t i o n .  I t  i s  g e n e r a l l y  cons ide red  t h a t  Miller's sample 
r e p r e s e n t e d  an anomalous event  ( L e i s  pers .  commun.). However, n e a r s h o r e  
t i d a l  c u r r e n t s  i n  t h e  Kahe Poin t  r e g i o n  which oppose t h e  d i r e c t i o n  of t i d a l  
c u r r e n t s  f u r t h e r  o f f s h o r e  may be i n d i c a t i v e  of a p e r s i s t e n t  eddy which may 
s e r v e  t o  c o n c e n t r a t e  l a r v a e  i n  t h e  r e g i o n  ( L e i s  1978).  F u r t h e r  s t u d i e s  a r e  
needed t o  r e s o l v e  t h e  issues r a i s e d  by Miller's d a t a .  

Leis  (1978) 

The  

In a d d i t i o n  t o  l a r v a l  l o s s e s ,  f i s h  eggs e n t r a i n e d  by t h e  warmwater 
i n t a k e  w i l l  c o n t r i b u t e  t o  p o t e n t i a l  f i s h e r y  l o s s e s .  Matsumoto (1984) 
e s t i m a t e s  t h e  d e n s i t y  of f i s h  e g  s a t  t h e  l e v e l  of t h e  warmwater i n t a k e  t o  

d a i l y .  Entrainment a t  the  H E 1  i n t a k e  may a l s o  r e su l t  i n  f i s h e r y  l o s s e s .  
L e i s  (1978) e s t i m a t e s  mean egg d e n s i t y  i n  H E 1  c o o l i n g  waters of 2.47 eggs 
m-3 (1.4 x 109 eggs yr-1 a t  a f low r a t e  of 1 8  m3 s-1) .  The H E 1  f i s h  egg 
en t r a inmen t  t h e r e f o r e  amounts t o  roughly 6.8 x 106 eg s d-1, f o r  a t o t a l  

be 39 m-3. T h u s ,  about 255 x 10 8 f i s h  eggs may be e n t r a i n e d  a t  t h e  LBCS 

OTEC warmwater en t r a inmen t  e s t i m a t e  of about  262 x 10 8 f i s h  eggs p e r  day. 

Matsumoto's e s t i m a t e  of f i s h  egg d e n s i t y  appea r s  high i n  comparison t o  

Also L e i s ' s  d a t a  come from n e a r s h o r e  w a t e r s  c l o s e  t o  t h e  proposed 
t h a t  of Leis,  p a r t i c u l a r l y  s i n c e  t h e  l a t t e r  f i g u r e s  a r e  based on s u r f a c e  
samples. 
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LBCS s i te ,  whereas Matsumoto based h i s  estimate on su rveys  taken  by Noda e t  
a l .  (1981) a t  a d i s t a n c e  of roughly  7 km o f f s h o r e .  Thus, t h e  f i s h  egg 
en t ra inment  estimate de r ived  above probably  r e p r e s e n t s  an upper  l i m i t  on 
a c t u a l  en t ra inment  rates.  

I n  t h e  absence  of s p e c i e s - s p e c i f i c  q u a n t i t a t i v e  d a t a  on egg  
en t ra inment ,  p r e c i s e  estimates of impact on f i s h e r i e s  from OTEC-mediated 
egg loss cannot  be made. However, f ishes a re  p r o l i f i c  spawners (e.g., 
y e l l o w f i n  tuna :  2-8 m i l l i o n  eggs ( June  1953); s k i p j a c k  tuna :  100,000-2 
m i l l i o n  eggs (Matsumoto e t  a l .  1984); s t r i p e d  m a r l i n :  2-28 m i l l i o n  eggs 
(Ueyanagi and Wares 1975) ) .  
r e l a t i v e  t o  t h e  a r e a  of t h e  s o u r c e  pool  and t h e  f a c t  t ha t  buoyancy f o r c e s  
tend  t o  c o n c e n t r a t e  f i s h  eggs a t  t h e  s u r f a c e  i n s t e a d  of a t  t h e  dep th  of 
i n t a k e  sugges t  t h a t  f i s h e r y  impacts  w i l l  be  n e g l i g i b l e .  

The r e l a t i v e l y  conf ined  r e g i o n  of  impact 

Secondary Entrainment--In a d d i t i o n  t o  f i s h e r y  impacts  r e s u l t i n g  from 
biomass loss  due t o  primary en t r a inmen t ,  l e t h a l  and s u b l e t h a l  e f f e c t s  of  
t h e  OTEC d i s c h a r g e  may be  r e f l e c t e d  i n  f i s h e r i e s .  As noted e a r l i e r ,  
nonmigratory organisms,  p a r t i c u l a r l y  e a r l y  developmental  s t a g e s  o f  f i s h e s ,  
a r e  among t h e  most s u s c e p t i b l e  t o  impacts  of  secondary en t r a inmen t .  
However, few d a t a  are  a v a i l a b l e  on t h e  d i s t r i b u t i o n  and abundance of these 
organisms. The p re l imina ry  c a l c u l a t i o n s  w h i c h  f o l l o w  a r e  t h u s  in t ended  
only  as a rough approximation of t h e  p o t e n t i a l  r ange  of impacts .  

S t r a s b u r g  (1960) es t ima ted  t h a t  about  25% of tuna  l a r v a e  i n  t h e  
e q u a t o r i a l  P a c i f i c  are found a t  d e p t h s  from 70 t o  130 m. E x t r a p o l a t i n g  from 
n e a r s u r f a c e  l a r v a l  d e n s i t i e s  s k i p j a c k  tuna  la rvae  i n  t h e  s o u r c e  r e g i o n  f o r  
e f f l u e n t  d i l u t i o n  would range from 0.8-1.8 per  1,000 m 3 ,  assuming a s imilar  
v e r t i c a l  d i s t r i b u t i o n  i n  Hawaiian waters. The r a n g e  f o r  y e l l o w f i n  t u n a  
larvae would be  between 0.25 and 0.74 p e r  1,000 m3. 
f low of t h e  e f f l u e n t  i s  197 m3.  s-1 (OTC 1984a1, and n e a r f i e l d  d i l u t i o n  
w i l l  be by a f a c t o r  of about  4 (Koh e t  a l .  1984).  
tw ice  t h e  number of t una  l a r v a e  e n t r a i n e d  a t  t h e  warmwater i n t a k e  may be  
s e c o n d a r i l y  e n t r a i n e d  i n  the  cour se  of  e f f l u e n t  d i l u t i o n .  

The p r o j e c t e d  volume 

Thus, s l i g h t l y  more than  

During the  OTEC benchmark surveys ,  samples c o l l e c t e d  o f f  Kahe Po in t  
showed t h a t  about 9% of t h e  sampled f i s h  eggs were c o l l e c t e d  i n  t h e  
25-200 m depth  r ange  (Noda e t  a l .  19811. Due t o  t h e  tendency of f i s h  eggs 
t o  be concen t r a t ed  a t  or  n e a r  t h e  s u r f a c e ,  it i s  r e a s o n a b l e  t o  assume t h a t  
t h e  dep ths  between 100 and 160 m ( t h e  zone of d i l u t i o n )  would c o n t a i n  no 
more than  ha l f  of t h e  i n t e g r a t e d  f i s h  egg abundance of t h e  25-200 m depths .  
Noda e t  a l .  (1981) p r e s e n t  a dayt ime mean f i s h  egg abundance f o r  t h i s  
r e g i o n  o f  27.9 m-3 and a n i g h t t i m e  f i g u r e  of 33.6 m-3. 
these d a t a  and m u l t i p l y i n g  by 0.045 (= 0.5 x 9%) ,  an estimate o f  1.4 f i s h  
eggs  f o r  each cub ic  meter of  d i l u t i o n  wa te r  is o b t a i n e d .  A t  t h e  p r e d i c t e d  
d i l u t i o n  r a t e ,  95.3 x 106 eggs pe r  day may be  s e c o n d a r i l y  e n t r a i n e d  i n  t h e  
OTEC e f f l u e n t .  As w i t h  e a r l i e r  OTEC-mediated l o s s  estimates,  f i s h e r y  
impacts  due t o  secondary en t r a inmen t  of eggs and l a r v a e  cannot  be  p r e d i c t e d  
on the b a s i s  of a v a i l a b l e  in fo rma t ion .  

Thus, ave rag ing  

ImrJacts Fisher1 Chains--Fish p roduc t ion  can i n c r e a s e  through 
e i t h e r  more primary p roduc t ion  o r  s h o r t e r  food c h a i n s ,  e i t he r  of  which 
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could r e s u l t  from upwel l ing  of n u t r i e n t - r i c h  deep water .  Primary 
p roduc t ion  changes w i l l  i n  l a r g e  p a r t  be due t o  t h e  r e a c t i o n  o f  a l g a e  t o  
n u t r i e n t  and t r a c e  metal c h a r a c t e r i s t i c s  of t h e  e f f l u e n t  plume. I f  t h e s e  
c h a r a c t e r i s t i c s  s t i m u l a t e  a l g a l  growth, f a s t  growing d ia toms w i l l  i n  a l l  
l i k e l i h o o d  account  f o r  most of t h e  p roduc t ion  (Sunda and Huntsman 1983). 
I f  these diatoms a r e  l a r g e  o r  c h a i n  forming s p e c i e s  they  can probably  be 
u t i l i z e d  d i r e c t l y  by macrozooplankton. 
cha in  t h a n  would occur  i f  s m a l l  a l g a e  were e a t e n  by microzooplankton which 
were then  ea t en  by macrozooplankton. Removal of one t r o p h i c  s t e p  could 
i n c r e a s e  f i s h  p roduc t ion  5 t o  10  times i n  t h e  r e c e i v i n g  wa te r s .  

T h i s  cou ld  resu l t  i n  a s h o r t e r  food 

In  g e n e r a l ,  complex food webs, which o c c u r  i n  p o t e n t i a l  OTEC a r e a s ,  
a r e  r e s i l i e n t  so t h a t  most changes have l i t t l e  impact on ecosystem 
f u n c t i o n .  Minor changes i n  t h e  food web, however, may d r a s t i c a l l y  a l t e r  
ou r  accep tance  of t h e  f i s h  produced. For example, blooms of t h e  d i n o f l a g e l -  
l a tes  which cause  c i g u a t e r a  can make t h e  f i s h  i n e d i b l e .  U n f o r t u n a t e l y ,  t h e  
f a c t o r s  r e s p o n s i b l e  f o r  blooms of t h e s e  a l g a e  a r e  not  w e l l  enough understood 
t o  allow p r e c i s e  e s t i m a t e s  of OTEC i n f l u e n c e  on t h e m .  Based on t h e  t heo ry  
t h a t  most d i n o f l a g e l l a t e  ou tb reaks  are a s s o c i a t e d  w i t h  t e r r e s t r i a l  r u n o f f ,  
t h e y  would not  be expec ted  a s  a consequence of  OTEC o p e r a t i o n s .  It i s  
p o s s i b l e  t h a t  minimizing d i s t u r b a n c e s  of t h e  b e n t h i c  subs t r a tum (Bagnis 
1981) d u r i n g  c o n s t r u c t i o n  o r  o p e r a t i o n  of an OTEC p l a n t  w i l l  r educe  t h e  
l i k e l i h o o d  of c i g u a t e r a .  

The i n d i r e c t  p r e d a t o r y  e f f e c t  of a 40-Mwe OTEC p l a n t  on carbon o r  
energy flow through t h e  f i s h e r y  food web i s  p r e d i c t e d  t o  be minimal. Based 
on e s t i m a t e s  of primary and secondary  en t r a inmen t  and impingement of 
v a r i o u s  organisms by an OTEC p l a n t  (Table  5.101, t h e  number of t r a n s f e r s  
between t h e  v a r i o u s  t r o p h i c  l e v e l s  and f i s h e r y  h a r v e s t  ( R y t h e r  19691, and 
a n  assumed t r o p h i c  t r a n s f e r  e f f i c i e n c y  of 15%, c a l c u l a t i o n s  were made of 
e q u i v a l e n t  h a r v e s t a b l e  s t o c k  which would be l o s t  due t o  OTEC o p e r a t i o n .  I f  
a l l  t h e  e n t r a i n e d  o r  impinged biomass were removed from t h e  sys t em,  t h e n  
1.8 t o  4.8 fewer kg of carbon would be a v a i l a b l e  a s  f i s h  h a r v e s t  each day. 
Based on a carbon t o  l i v e  weight  r a t i o  of  1:10, abou t  18 t o  48 kg of 
f i s h e r y  h a r v e s t  would be l o s t  d a i l y .  T h i s  p robably  o v e r e s t i m a t e s  a c t u a l  
l o s s  because  i t  i s  l i k e l y  t h a t  many organisms k i l l e d  w i l l  be e a t e n  and t h u s  
not be l o s t  from t h e  food web. 

Our p r o j e c t i o n  t h a t  food c h a i n  e f f e c t s  w i l l  not s i g n i f i c a n t l y  impact 
t h e  f i s h e r y  does  n o t  a d d r e s s  d i r e c t  e f f e c t s  on t h e  h a r v e s t e d  s p e c i e s .  
of t h e  f i s h e s  a r e  c u r r e n t l y  be ing  ha rves t ed  a t  l e v e l s  e q u a l  t o  or g r e a t e r  
t h a n  t h e  maximum s u s t a i n a b l e  y i e l d .  I f  such assessment  of h a r v e s t  l e v e l s  
i s  a c c u r a t e ,  t hen  t h o s e  s t o c k s  may not be a b l e  t o  compensate f o r  t h e  
i n d i v i d u a l s  l o s t  through en t r a inmen t  o r  impingement and y i e l d  w i l l  be 
reduced. Unfo r tuna te ly ,  w e  do not know t h e  f i n e  s c a l e  temporal and s p a t i a l  
d i s t r i b u t i o n  of t h e  y e a r l y  l i f e  s t a g e s  of t h e  major s p e c i e s ,  and t h u s ,  a r e  
unable  t o  p r e d i c t  t h e  number which may be impacted by OTEC o p e r a t i o n .  In 
a d d i t i o n ,  our knowledge of t h e  s u r v i v a l  of these e a r l y  s t a g e s  i s  t o o  
incomplete t o  p r e d i c t  t h e  impact on t h e  r e s o u r c e .  

Many 

P o t e n t i a l  Impact 9 Fisber ies - -Def in ing  i n  d e t a i l  what c o n s t i t u t e s  
s i g n i f i c a n t  adve r se  impact on f i s h e r i e s  i s  ve ry  s u b j e c t i v e .  E f f e c t s  which 
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Table  5.10.--Estimated loss of l i v i n g  carbon and e q u i v a l e n t  h a r v e s t a b l e  s t o c k  
due t o  e t ra inment  and impingement du r ing  o p e r a t i o n  of a 40-MWe OTEC p l a n t  
(kg C d-'). 

Phytoplankton Microzooplankton Macrozooplankton Micronekton 

Primary 
en t ra inment  1 00- 1 7 0 10-17 12-21 -- 

Secondary 
L ent ra inment  80 0- 13 6 0 80-13 6 80-136 

6-10 -- -- Impingement -- 

T o t a l  900-1530 90-153 92-157 6-10 

Trophic  
t r a n s f e r s  5 4 2.5 1 

Equ iva len t  
h a r v e s t a b l e  
s t o c k  0.07-0.12 0.05-0.08 0 80-1.4 0.90-1.5 

reduce commercial and r e c r e a t i o n a l  f i sher ies  h a r v e s t s  would l i k e l y  be  
cons idered  adverse.  On t h e  o t h e r  hand, i f  t h e  p l a n t  were t o  aggrega te  
f i s h ,  h a r v e s t  e f f i c i e n c y  may be inc reased  and t h e  o v e r a l l  e f f e c t  would be  
cons idered  b e n e f i c i a l .  However, t h i s  p o t e n t i a l  b e n e f i c i a l  e f f e c t  would 
have t o  be weighed a g a i n s t  the  o v e r a l l  n e g a t i v e  e f f e c t  t h a t  aggrega t ion  
may have on en t ra inment  and impingement. 

In  p r e d i c t i n g  impacts of convent iona l  power p l a n t  o p e r a t i o n s  on f i s h  
popu la t ions ,  s c i e n t i s t s  have r e l i e d  on l i f e  c y c l e  models which f o c u s  on 
those  components of t h e  l i f e  c y c l e  which a r e  s u s c e p t i b l e  t o  power p l a n t  
e f f e c t s  a t  t h e  a p p r o p r i a t e  s t a g e s .  Simple models t a k e  a g r o s s  view of t h e  
l i f e  c y c l e ,  examine t h e  environment i n  which t h e  s p e c i e s  e x i s t ,  and 
i n c o r p o r a t e  d e t a i l s  of t h e  p l a n t  o p e r a t i o n s  and e f f e c t s .  More complex 
models account  f o r  i nc reased  temporal  r e s o l u t i o n ,  more d e t a i l e d  
environmental  v a r i a t i o n ,  and knowledge of b e h a v i o r a l  r e sponses  t o  changes 
i n  t h e  environment.  

W i t h  OTEC, adverse  impacts  cannot  be examined w i t h  any degree  of 
conf idence  because what i n fo rma t ion  i s  a v a i l a b l e  on f i s h  eggs and l a r v a e  a t  
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p o t e n t i a l  s i t e s  i s  n o t  s u f f i c i e n t l y  p r e c i s e .  Fur thermore ,  e f f e c t s  from 
o p e r a t i o n s  o f  conven t iona l  power p l a n t s  can h a r d l y  be e x t r a p o l a t e d  t o  t h o s e  
of an OTEC p l a n t  because  of t h e  unprecedented volume of  water t h e  l a t t e r  i s  
expected t o  pump and the r e d i s t r i b u t i o n  of  w a t e r  p r o p e r t i e s  t h a t  w i l l  
occur .  Thus, as w i l l  be  shown subsequent ly ,  models a p p l i e d  t o  OTEC impacts 
(e.g., Atkinson 1984a, 1984b)  have l i m i t e d  p r e d i c t i v e  r e l i a b i l i t y .  
However, i n  t h e  absence of d a t a  which can be used as i n p u t  i n t o  a l i f e  
c y c l e  model,  a c rude  e v a l u a t i o n  o f  OTEC-related impacts  on f i s h e r i e s  made 
by Matsumoto (1984) has been r e v i s e d  and updated f o r  t h e  purpose  of  t h i s  
s tudy  . 

Based on a review of the combined e f f e c t s  of impingement, d i r e c t  
en t r a inmen t ,  and b i o c i d e  usage  t o  f i s h ,  Matsumoto (1984)  concluded t h a t  an 
assumption of  t o t a l  m o r t a l i t y  of a l l  f i s h  eggs ,  l a r v a e  and j u v e n i l e s  
d i r e c t l y  e n t r a i n e d  i s  no t  unreasonable .  Such a conc lus ion  was subsequen t ly  
suppor ted  by co ld  thermal  shock s t u d i e s  on  eggs  and l a r v a e  of  r e e f  and 
p e l a g i c  f i s h  common t o  Kahe Po in t  (Lamadrid-Rose and Boeh le r t  1986) .  
Because t h e  eggs and l a r v a e  of  most f i s h  caught  commercial ly  o f f  Kahe 
P o i n t  are  buoyant and t e n d  t o  occur  nea r  o r  a t  t h e  s u r f a c e ,  t h e  d e g r e e  of 
secondary en t ra inment  of f i s h  eggs and l a r v a e  w i l l  be  ve ry  dependent  on t h e  
d i s c h a r g e  dep th  of t h e  e f f l u e n t .  L i t t l e  i s  known r e g a r d i n g  t h e  e f f e c t s  of 
secondary en t r a inmen t ;  however, Matsumoto (1984)  b e l i e v e s  t h e  e f f e c t s  would 
be  minimal f o r  deep (e.g. ,  100 m) d i scha rges .  However, more in fo rma t ion  i s  
needed on t h e  m i c r o d i s t r i b u t i o n  o f  f i s h  eggs and l a r v a e  t o  judge w h e t h e r  such 
a conc lus ion  would be j u s t i f i e d  f o r  sha l lower  d i s c h a r g e s  w h e r e  t h e  impacts  
of secondary en t ra inment  may be 5-10 times t h o s e  of d i r e c t  en t r a inmen t  on 
t h e  warmwater s i d e .  I f  100% m o r t a l i t y  i s  assumed f o r  d i r e c t  and secondary 
en t r a inmen t ,  one m u s t  t h e n  a s k  what e f f e c t  t h i s  w i l l  have on f i s h e r i e s .  

Off Kahe P o i n t ,  t h e  p r i n c i p a l  f i s h e r i e s  t h a t  would b e  a f f e c t e d  by OTEC 
o p e r a t i o n s  inc lude  t h o s e  f o r  s i x  p e l a g i c  and two demersal  f i s h  groups 
r e p r e s e n t i n g  98% by weight  of t h e  a rea ' s  t o t a l  annual  product ion .  The 
p e l a g i c  forms i n c l u d e  : t u n a s  (mainly s k i p j a c k  and y e 1  lowf i n ) ,  b i l  l f  ishes 
( P a c i f i c  b l u e  and s t r i p e d  m a r l i n ) ,  mahimahi, wahoo, bone f i sh ,  and j a c k s  
( p r i n c i p a l l y  s c a d s ) ,  and t h e  demersa l  forms i n c l u d e  g o a t f i s h e s  ( s i x  
s p e c i e s )  and snappers  ( e i g h t  s p e c i e s ) ,  

Based on estimates o f  d e n s i t y  of tuna and b i l l f i s h  l a r v a e  a t  dep ths  
nea r  t h e  warmwater i n t a k e  and d i s c h a r g e  p o i n t s ,  f low r a t e s  a s  s p e c i f i e d  by 
OTC (1984a1, and assuming t o t a l  m o r t a l i t y  d u r i n g  en t r a inmen t ,  an e s t i m a t e d  
22.2-49.9 m i l l i o n  s k i p j a c k  t u n a ,  6.9-20.5 m i l l i o n  y e l l o w f i n  tuna ,  and 
5.3 m i l l i o n  b i l l f i s h  l a r v a e  w i l l  be  k i l l e d  each spawning season ,  
more r e a l i s t i c ,  these m o r t a l i t y  f i g u r e s  m u s t  b e  a d j u s t e d  f o r  n a t u r a l  
m o r t a l i t y  which i s  e s t i m a t e d  a t  93% f o r  s k i p j a c k  and 91% f o r  y e l l o w f i n  
tunas .  Th i s  would r e s u l t  i n  estimates of OTEC-induced m o r t a l i t y  of  1.5-3.5 
and 0.6-1.9 m i l l i o n ,  r e s p e c t i v e l y .  S ince  t h e  assumpt ion  of  100% m o r t a l i t y  
du r ing  secondary en t r a inmen t  i s  probably  not  war ran ted ,  these e s t i m a t e s  are 
l i k e l y  t o  encompass upper  l i m i t s  o f  a c t u a l  m o r t a l i t y .  

To be 

The OTEC p l a n t  i s  a l s o  expec ted  t o  f u n c t i o n  as  a f i s h  a g g r e g a t i n g  
dev ice  and a t t r a c t  f i s h  from a d j a c e n t  a r e a s .  
g a t i o n s  of  f i s h ,  such as t u n a s ,  mahimahi, mackere ls ,  and c a r a n g i d s ,  w i l l  

Any i n c r e a s e  of l a r g e  aggre- 
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e v e n t u a l l y  r e s u l t  i n  concen t r a t ed  spawnings around t h e  p l a n t ,  s u b j e c t i n g  
more than  t h e  u s u a l  amounts of  eggs and l a r v a e  t o  en t r a inmen t  e f f e c t s .  

The impact on f i s h e r i e s  may b e  l a r g e  through t h e  r e c r u i t m e n t  process .  
However, t he  impact th rough r e c r u i t m e n t  on p e l a g i c  s p e c i e s ,  p a r t i c u l a r l y  
tunas ,  i s  n o t  expec ted  t o  be  n o t i c e a b l e  because  most of t h e m  a re  mig ran t s  
from t h e  e a s t e r n  P a c i f i c  f i s h e r y ,  t h e  no r thwes te rn  P a c i f i c ,  and from 
e q u a t o r i a l  waters .  The e f f e c t s  of  r e c r u i t m e n t  on bottom and r e e f -  
a s s o c i a t e d  f i s h  would most l i k e l y  be f e l t  i n  a r e a s  f u r t h e r  downstream from 
t h e  p l a n t  s i te.  I f  t h e  p r e v a i l i n g  c u r r e n t s  c a r r y  t h e  eggs  and l a r v a e  along 
t h e  c o a s t  and o u t  i n t o  open ocean ,  t h e  f u l l  impact of t h e  damages caused by 
t h e  p l a n t  may not  b e  appa ren t  a t  t h e  p l a n t  s i t e .  

8 

D i r e c t  e f f e c t s  cou ld ,  however, occur  i n  t h e  demersa l  f i s h e r y .  For 
t h e  Ocean Thermal Corpora t ioa  OTEC des ign  f o r  Kahe Po in t ,  Oahu (see 
Sec t ion  21,  warm e f f l u e n t  from t h e  HE1  conven t iona l  power p l a n t  a t  Kahe 
P o i n t  i s  used as a supplementary heat source ,  and sand p a r t i c l e s  which a r e  
conta ined  i n  t h i s  e f f l u e n t  (McCain 1977) w i l l  e v e n t u a l l y  be  d i scha rged  over  
t h e  escarpment and b u i l d  up ove r  a pe r iod  of t ime,  b l a n k e t i n g  t h e  rocky 
bottom n e a r  t h e  d i s c h a r g e  p o i n t .  The e f f e c t  may be t o  f o r c e  f i s h e s  such as 
snappers  t o  r e l o c a t e  t o  other a reas .  The d e g r e e  t o  which t h i s  sediment  
accumulat ion would be  o f f s e t  by t h e  a t t r a c t i v e  i n f l u e n c e  of t h e  CPW cannot 
b e  a s ses sed  p r e s e n t l y .  The ne t  e f f e c t  t o  t h e  f i s h e r y  should b e  n e g l i g i b l e ,  
however, s i n c e  demersal  s p e c i e s  comprise  on ly  a s m a l l  p o r t i o n  (1.3%) of t h e  
t o t a l  f i s h  p roduc t ion  o f f  Kahe Po in t .  

6.0 MODEL STUDIES 

Four d i f f e r e n t  models of p rocesses  a t  tendant  upon c o n s t r u c t  i o n  and 
o p e r a t i o n  of t h e  Kahe P o i n t  40-MWe OTEC p l a n t  have been cons ide red  and 
a p p l i e d  t o  va ry ing  degrees  i n  t h e  development of  t h i s  EIS. The model by 
Divoky e t  a l .  (1984) i n t e g r a t e s  d a t a  on t h e  p h y s i c a l  oceanography of t h e  
Kahe Po in t  r e g i o n  t o  deve lop  p r e d i c t i o n s  of n e a r s h o r e  c i r c u l a t i o n  p a t t e r n s .  
Koh e t  a l .  (1984) c o n s i d e r  the p h y s i c a l  dynamics of t h e  OTEC e f f l u e n t  
plume. The models of  Atkinson (1984a, 1984b) are more d i r e c t l y  a p p l i c a b l e  
t o  b i o l o g i c a l  q u e s t i o n s ,  s i n c e  t h e y  d e a l  w i t h  OTEC impacts  t o  t h e  p lankton  
ecosystem and t o  t h e  Kahe Poin t  f i s h  popu la t ions .  

In  g e n e r a l ,  t h e  p r e d i c t i v e  r e l i a b i l i t y  of a s c i e n t i f i c  model is 
p r o p o r t i o n a l  t o  t h e  d e g r e e  t h a t  t h e  s i m u l a t i o n  r e p l i c a t e s  r e a l i t y .  
However, s i m u l a t i o n  of a complex environment demands i n c o r p o r a t i o n  of an 
enormous range of parameters ,  many of which a re  h i g h l y  v a r i a b l e .  T h e  
g r e a t e r  t h e  complexity of t h e  model, t h e  more p robab le  i t  w i l l  be  t h a t  
parameters  are  omi t t ed  o r  a r e  u n r e a l i s t i c .  Th i s  i s  n o t  t o  imply t h a t  
a t t e m p t s  t o  model complex systems a re  unwarranted,  because  even an 
i n a c c u r a t e  model w i l l  d i r e c t  a t t e n t i o n  towards areas of u n c e r t a i n t y  
r e q u i r i n g  f u r t h e r  s tudy.  Thus, a model which d u p l i c a t e s  r e a l i t y  p r e c i s e l y  
merely i n d i c a t e s  t h a t  t h e  modeled system i s  thoroughly  understood under t h e  
p r e v a i l i n g  environmental  c o n d i t i o n s .  Systems as  complex a s  t h e  p h y s i c a l  
and b i o l o g i c a l  environments  a t  Kahe Poin t  on ly  can be  approximated,  not 
r e p l i c a t e d  mathemat ica l ly .  P r e d i c t i o n s  based on such  models may be  u s e f u l  
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i n  deve loping  a g e n e r a l  p e r s p e c t i v e  b u t  cannot  be expec ted  t o  p r o v i d e  
d e f i n i t i v e  answers  t o  q u e s t i o n s  of  envi ronmenta l  impacts .  

It i s  n o t  t h e  purpose  of t h i s  document t o  p rov ide  d e t a i l e d  c r i t i q u e s  
of t h e  f o u r  OTEC-related models. However, s p e c i f i c  a t t r i b u t e s  of each 
model evoke cmment s  from a b i o l o g i c a l  p e r s p e c t i v e .  The n e a r s h o r e  
c i r c u l a t i o n  model of Divoky e t  a l .  (1984) has d i r e c t  a p p l i c a b i l i t y  t o  
q u a n t i f i c a t i o n  of impingement and en t ra inment  10s ses and t o  c o n s i d e r a t i o n  
of p o t e n t i a l  impacts  of  c o n s t r u c t i o n  a c t i v i t i e s  and of  c a t a s t r o p h i c  
acc iden t s .  However, model p r e d i c t i o n s  do n o t  a g r e e  w i t h  n e a r s h o r e  
c i r c u l a t i o n  p a t t e r n s  d e t e c t e d  by L e i s  (1978) which a re  s u g g e s t i v e  of 
eddying o f f  t h e  Kahe power p l a n t .  The on ly  i n d i c a t i o n  of  an eddy i n  t h e  
model o c c u r s  under  c o n d i t i o n s  of  maximum winds,  c o n d i t i o n s  which d id  not  
p r e v a i l  d u r i n g  L e i s ' s  (1978) s tudy.  Reso lu t ion  of  t h i s  i n c o n s i s t e n c y  i s  
r equ i r ed  b e f o r e  f u r t h e r  impact p r e d i c t i o n s  may be made. 

A major  f l aw  i n  t h e  Koh e t  a l .  (1984) model of  e f f l u e n t  plume 
d i s p e r s i o n  i s  t h a t  t h e  model parameters  do n o t  r e f l e c t  t h e  p r e s e n t  des ign  
of t h e  OTEC p l a n t .  Whereas t h e  model s t i p u l a t e s  a d i s c h a r g e  a t  100 m 
depth ,  l a t e s t  des ign  s p e c i f i c a t i o n s  c a l l  f o r  a d i s c h a r g e  a t  roughly  80 m 
depth  (OTC 1984a).  Impact c a l c u l a t i o n s  p e r t i n e n t  t o  e f f e c t s  of secondary 
en t ra inment  have been based on t h e  mixed e f f l u e n t  d i s c h a r g e  be ing  p laced  as 
o r i g i n a l l y  s p e c i f i e d  a t  100 m depth.  I f  t h e  s h a l l o w e r  o u t f a l l  i s  t o  be 
deployed,  r e v i s e d  assessments  i n c o r p o r a t i n g  a d d i t i o n a l  parameters  ( b e n t h i c  
i n t e r a c t i o n s ,  a d d i t i o n a l  mixed-layer d i l u t i o n ,  e t c . )  must be  performed. 

Of a l l  t h e  models ,  A tk inson ' s  (1984b) t r e a t m e n t  of  t he  p l a n k t o n  
ecosystem appears  most r e l i a b l e .  C e r t a i n l y  t h e  envi ronmenta l  f i e l d  
cons idered  by t h i s  model i s  t h e  l e a s t  complex of t h e  f o u r  f i e l d s  modeled, 
and s imi la r  modeling has  been wide ly  app l i ed  (e.g., Dugdale 1967; Eppley e t  
a l .  1973; Caperon 1975) .  The problem i s  f u r t h e r  s i m p l i f i e d  i n  t h a t  t h e  N:P 
r a t i o  of t h e  e f f l u e n t  plume is s u f f i c i e n t l y  c l o s e  t o  t h e  Redf i e ld  r a t i o  
t h a t  the q u e s t i o n  o f  N v e r s u s  P l i m i t a t i o n  i s  academic.  

Given t h e  r e l a t i v e  t r a c t a b i l i t y  of t h e  problem of p lankton  ecosystem 
dynamics, t h e  r e l i a b i l i t y  of t h e  model p r e d i c t i o n s  may be  examined by t h e  
fo l lowing  comparat ive l o g i c a l  a n a l y s i s .  The n i t r a t e  c o n c e n t r a t i o n  a t  t h e  
p r o j e c t e d  depth  of plume s t a b i l i z a t i o n  (-130 m) o f f  Kahe Poin t  i s  about  1.6 
~ . I M  (Noda e t  a l .  1981).  A t  t h e  s t a r t  of t h e  f a r  f i e l d ,  t h e  plume w i l l  
roughly t r i p l e  t h e  ambient n i t r a t e  c o n c e n t r a t i o n .  Assuming no i n h e r e n t  
change i n  t h e  d i f f u s i o n  c o e f f i c i e n t ,  upward d i f f u s i o n  w i l l  a l s o  roughly  
t r i p l e .  I f  t h e  s i n k i n g  r a t e  of i n d i v i d u a l  p a r t i c l e s  and t h e  n u t r i e n t :  
biomass r a t i o  remain c o n s t a n t ,  s t e a d y - s t a t e  r e a s o n i n g  s u g g e s t s  t h a t  
t r i p l i n g  t h e  d i f f u s i v e  n u t r i e n t  i n p u t  t o  t h e  p h o t i c  zone w i l l  t r i p l e  t h e  
p a r t i c l e  s t a n d i n g  crop. B a t c h  c u l t u r e  exper iments  i n d i c a t e  t h a t  phyto- 
p lankton  s t r i p  a v a i l a b l e  n u t r i e n t s  i n  1-2 wk (Laws and Bann i s t e r  1980) .  
I t  i s  t h u s  r easonab le  t o  expec t  t h a t  t h e  t i m e  f o r  going from d i s c h a r g e  t o  
maximum p a r t i c l e  s t a n d i n g  c rop  would be of t h i s  o r d e r .  These conc lus ions  
a r e  a l l  c o n s i s t e n t  w i th  p r e d i c t i o n s  of t h e  model. 

By c o n t r a s t ,  Atk inson ' s  (1984a)  model of OTEC impacts  t o  l o c a l  f i s h  
popu la t ions  p rov ides  somewhat ambiguous r e su l t s .  T h e  major conc lus ion  
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drawn i s  t h a t  t h e r e  remain s i g n i f i c a n t  unknown e lements  which p rec lude  
r e l i a b l e  assessments  of OTEC-related f i s h  p o p u l a t i o n  impacts  a t  t h e  p r e s e n t  
t i m e .  
u n c e r t a i n t y  of t h e  model parameters ,  such a c o n c l u s i o n  is n o t  s u r p r i s i n g .  
I n  many r e s p e c t s ,  t h i s  i s  t h e  most v a l u a b l e  of all of t h e  OTEC models i n  
t h a t  i t  provides  i n s i g h t  i n t o  major gaps i n  o u r  knowledge which need t o  be 
f i l l e d .  

Consider ing t h e  complexity of t h e  problem and t h e  e x t e n t  and 

"he f o u r  major s tudy  areas i d e n t i f i e d  are: 

1. OTEC h a b i t a t  a t t r a c t i o n .  

2. Local OTEC f i s h i n g  e f f o r t .  

3 .  Recruitment f a c t o r s .  

4 .  Fish  popu la t ion  c h a r a c t e r i s t i c s .  

U l t ima te ly ,  t h e  shortcomings of t h e  f i s h e r y  impact model c o n s t i t u t e  
po in ted  emphasis of an unde r ly ing  p r i n c i p l e  of t h e  Kahe Po in t  W-MW, OTEC 
p r o j e c t ,  namely t h a t  development of such a p i l o t  p l a n t  i s  p r e r e q u i s i t e  t o  
unders tanding  t h e  environmental  impacts  of commercial s c a l e  OTEC p l a n t s  
(U. S. Department of Energy 1981). 
a v a i l a b l e  f o r  r e f e r e n c e  da ta ,  p r e d i c t i o n s  of OTEC environmental  impacts  are 
educated guesswork. 

U n t i l  an o p e r a t i n g  OTEC p l a n t  i s  
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