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I 
I AN OILSPILL RISK ANALYSIS FOR THE WESTERN GULF OF ALASKA 
, (Kodiak I s l a n d )  

OUTER CONTINENTAL SHELF LEASE AREA 

James R .  S l a c k ,  R icha rd  A.  S m i t h ,  and Timothy Nyant 

ABSTRACT 

An o i l s p i l l  r i s k  a n a l y s i s  was conducted  t o  d e t e r m i n e  
r e l a t i v e  e n v i r o n m e n t a l  h a z a r d s  of  d e v e l o p i n g  o i l  I n  
d i f f e r e n t  r e g i o n s  of  t h e  Wes te rn  Gulf of Alaska  O u t e r  
C o n t i n e n t a l  S h e l f  l e a s e  a r e a .  The s t u d y  a n a l y z e d  
p r o b a b i l i t y  o f  s p i l l  o c c u r r e n c e ,  l i k e l y  p a t h  of  p o l l u t a n t s  
from s p i l l s ,  and l o c a t i o n s  i n  s p a c e  and t ime o f  r e c r e a t i o n a l  
and b i o l o g i c a l  r e s o u r c e s  l i k e l y  t o  be v u l n e r a b l e .  These  
r e s u l t s  a r e  combined t o  y i e l d  e s t i m a t e s  o f  t h e  o v e r a l l  
o i l s p i l l  r i s k  a s s o c i a t e d  w i t h  development  of  t h e  l e a s e  a r e a .  
While t h e  a n a l y s i s  i n c l u d e s  e s t i m a t e s  o f  w e a t h e r i n g  r a t e s  
and s l i c k  d i s p e r s i o n ,  t h e  methodology has  n o t  y e t  been 
deve loped  t o  a n a l y z e  t h e  m i t i g a t i n g  e f f e c t s  o f  c l e a n u p s  
which i f  t a k e n  i n t o  a c c o u n t  would r educe  t h e  impac t  
p r o b a b i l i t i e s .  

INTRODUCTION 

The F e d e r a l  Government h a s  p roposed  t o  l e a s e  3 . 2  
m i l l i o n  a c r e s  o f  O u t e r  C o n t i n e n t a l  S h e l f  (OCS) l a n d s  o f f  
Kodiak I s l a n d  i n  t h e  Western  G u l t  o f  Alaska  t o r  o i l  and gas  
development .  E s t i m a t e d  r e c o v e r a b l e  p e t r o l e u m  r e s o u r c e s  f o r  

i t h e  p r o p o s e d  564 t r a c t  s a l e  a r e a  r a n g e  from 250 m i l l i o n  t o  
1 .9  b i l l i o n  b a r r e l s .  C o n t i n g e n t  upon a c t u a l  d i s c o v e r y  of 

I t h i s  q u a n t i t y  o f  o i l ,  p r o d u c t i o n  i s  e x p e c t e d  t o  s p a n  a  
p e r i o d  o f  a b o u t  25 y e a r s .  

O i l s p i l l s  c l e a r l y  r e p r e s e n t  one o f  t h e  major  c o n c e r n s  
a s s o c i a t e d  w i t h  o f f s h o r e  o i l  and  g a s  development  i n  t h e  
Western  Gulf  of Alaska .  An i m p o r t a n t  f a c t  t h a t  s t a n d s  o u t  
when one  a t t e m p t s  t o  e v a l u a t e  t h e  s i g n i f i c a n c e  of a c c i d e n t a l  



o i l  s p i l l a g e  f o r  t h i s ,  o r  any p roposed  l e a s e  a r e a ,  i s  t h a t  
t h e  problem i s  f u n d a m e n t a l l y  p r o t a b i l i s t i c .  A g r e a t  d e a l  o f  
u n c e r t a i n t y  e x i s t s  , f o r  example ,  c o n c e r n i n g  t h e  number and 
s i z e  o f  s p i l l s  t h a t  migh t  o c c u r  d u r i n g  t h e  c o u r s e  o f  
deve lopment ,  a s  w e l l  a s  t h e  wind and c u r r e n t  conditions t h a t  
would e x i s t  and g i v e  d i r e c t i o n  t o  t h e  o i l  s l i c k  a t  t h e  
s p e c i f i c  t i m e s  s p i l l s  do o c c u r .  some of  t h e  
u n c e r t a i n t y  r e f l e c t s  i n c o m p l e t e  and i m p e r f e c t  d a t a ,  
c o n s i d e r a b l e  u n c e r t a i n t y  i s  s imply  i n h e r e n t  i n  t h e  p rob lem.  

I n  view of t h e  i n a b i l i t y  t o  p r e d i c t  w i t h  c e r t a i n t y  f u -  
t u r e  o i l s p i l l  i m p a c t s ,  it i s  i m p o r t a n t  t o  c o n s i d e r  t h e  r a n g e  
of p o s s i b l e  i m p a c t s  t h a t  c o u l d  accompany o i l  and g a s  
deve lopment ,  p a y i n g  p a r t i c u l a r  a t t e n t i o n  t o  "wors t  c a s e "  
c o n d i t i o n s .  I t  i s  e q u a l l y  i m p o r t a n t ,  however ,  i n  a t t e m p t i n g  
t o  m a i n t a i n  p e r s p e c t i v e  on  t h e  problem,  t o  a s s o c i a t e  these 
p o t e n t i a l  impac t s  w i t h  q u a n t i t a t i v e  e s t i m a t e s  of t h e  
p r o b a b i l i t y  o f  t h e i r  o c c u r r e n c e .  

T h i s  r e p o r t  summarizes  r e s u l t s  of  an o i l s p i l l  risl- 
a n a l y s i s  conducted  f o r  t h e  Kodiak (Western Gulf  o f  Alaska )  
OCS l e a s e  s a l e .  The s t u d y  had  t h e  o b j e c t i v e  o f  d e t e r m i n i n g  
r e l a t i v e  r i s k s  a s s o c i a t e d  w i t h  o i l  and g a s  development  i n  
d i f f e r e n t  r e g i o n s  o f  t h e  p roposed  l e a s e  a r e a  and was 
u n d e r t a k e n  t o  f a c i l i t a t e  f i n a l  s e l e c t i o n  o f  t r a c t s  t o  be 
o f f e r e d  f o r  s a l e .  The a n a l y s i s  was conduc ted  i n  t h r e e  more 
or less i n d e p e n d e n t  p a r t s  c o r r e s p o n d i n g  t o  d i f f e r e n t  a s p e c t s  
of  t h e  o v e r a l l  p rob lem.  The f i r s t  p a r t  d e a l t  w i t h  t h e  
p r o b a b i l i t y  o f  s p i l l  o c c u r r e n c e ,  t h e  second w l t h  l i k e l y  
s p i l l  t r a j e c t o r i e s  f o r  t h e  t i m e s  and p l a c e s  s p i l l s  might  
o c c u r ,  and t h e  t h i r d  p a r t  w i t h  t h e  s p a t i a l  and t e m p o r a l  
l o c a t i o n  o f  s p e c i f i c  b i o l o g i c a l  and r e c r e a t i o n a l  r e s o u r c e s  
t h o u g h t  t o  be v u l n e r a b l e  t o  o i l  s p i l l s .  R e s u l t s  o f  t h e  
i n d i v i d u a l  p a r t s  o t  t h e  a n a l y s i s  were t h e n  combined t o  g i v e  
e s t i m a t e s  o f  t h e  o v e r a l l  o i l s p i l l  r i s k  a s s o c i a t e d  w i t h  o i l  
and g a s  development  i n  t h e  l e a s e  a r e a .  

Much o f  t h e  d a t a  and  i n f o r m a t i o n  used  i n  t h e  a n a l y s i s  
were compiled by t h e  U.S. Bureau o f  Land Management i n  t h e  
c o u r s e  o f  p r e p a r i n g  t h e  e n v i r o n m e n t a l  s t a t e m e n t  f o r  t h e  
Kodiak s a l e .  These r e s u l t s ,  t h e n ,  r e p r e s e n t  s y n t h e s i s  and 
a n a l y s i s  o f  e x i s t i n g  i n f o r m a t i o n  r a t h e r  t h a n  p r e s e n t a t i o n  o f  
new m a t e r i a l .  

We would l i k e  t o  e x p r e s s  s p e c i a l  a p p r e c i a t i o n  t o  James 
S e i d l  o t  t h e  U.S. Bureau  o f  Land Management f o r  h i s  
a s s i s t a n c e  i n  g a t h e r i n g  t h e  n e c e s s a r y  d a t a  and i n f o r m a t i o n  
f o r  t h e  s t u d y .  



I 
A d e t a i l e d  m a t h e m a t i c a l  d e s c r i p t i o n  of  t h e  models  u s e d  

i n  t h i s  a n a l y s i s  i s  q i v e n  i n  a  f o r t h c o m i n g  U.S. G e o l o g i c a l  
Survey  C i r c u l a r  ( smi th  and o t h e r s ,  1976. ) The p r e s e n t  

I d i s c u s s i o n  f o c u s e s  on t h e  c o n c e p t u a l  framework o r  t h e  
mode l s ,  and on d a t a  s o u r c e s  and l i m i t i n g  assumptions. 

S p i l l  Frequency E s t i m a t e s  

S t a t i s t i c a l  d i s t r i b u t i o n s  t o r  e s t i m a t i n g  p r o b a b i l i t i e s  
o f  o i l s p i l l  o c c u r r e n c e  were t a k e n  from Devanney and S t e w a r t  
(1974) and S t e w a r t  (1975) .  I n  a d d i t i o n  t o  t h e  fundamenta l  
a s s u m p t i o n  t h a t  r e a l i s t i c  e s t i m a t e s  of  f u t u r e  s p i l l  
f r e q u e n c y  c a n  be based  on p a s t  OCS e x p e r i e n c e ,  u s e  of  t h e s e  
d i s t r i b u t i o n s  r e q u i r e s  t h e  f u r t h e r ,  s p e c i f i c  a s s u m p t i o n s  
t h a t  s p i l l s  o c c u r  i n d e p e n d e n t l y  o f  e a c h  o t h e r  ( a s  a  P o i s s o n  
p r o c e s s ) ,  and t h a t  a c c i d e n t  r a t e  i s  dependent  on volume of 
o i l  p roduced  and h a n d l e d .  

S p i l l  f r e q u e n c y  e s t i m a t e s  were c a l c u l a t e d  s e p a r a t e 1  
f o r  t e n  s u b d i v i s i o n s  o f  t h e  p r o p o s e d  l e a s e  a r e a  ( f i g .  11 
b a s e d  on e s t i m a t e d  p e t r o l e u m  r e s o u r c e s  f o r  i n d i v i d u a l  
p r o s p e c t s  w i t h i n  t h o s e  a r e a s  (U .  S.  G e o l o g i c a l  S u r v e y ,  p r o -  
p r i e t a r y  d a t a ) .  Use o f  t h e  Devanney and S t e w a r t  
d i s t r i b u t i o n s  p e r m i t t e d  s e p a r a t e  e s t i m a t e s  o f  p l a t f o r m ,  
p i p e l i n e ,  and t a n k e r  s p i l l  f r e q u e n c y  which c o u l d  t h e n  be 
combined t o  compare t h e  two a l t e r n a t i v e  modes o f  t r a n s p o r t  
of c r u d e  t o  s h o r e .  S p i l l  f r e q u e n c y  e s t i m a t e s  were f u r t h e r  
c a t e g o r i z e d  f o r  s p i l l s  between 5 0  and 1 ,000  b b l s ,  and 
g r e a t e r  t h a n  1 , 0 0 0  b b l s  i n  s i z e .  The s i z e  g r o u p i n g  i s  
somewhat a r b i t r a r y  b u t ,  a s  d i s c u s s e d  below, i s  v e r y  
i m p o r t a n t  i n  c o n s i d e r i n g  t h e  significance o t  w e a t h e r i n g  i n  
r e d u c i n g  o i l s p i l l  i m p a c t s .  

OiZspiZZ T r a j e c t o r y  S i m u Z a t i o n s  
I 

An o i l s p i l l  t r a j e c t o r y  model was c o n s t r u c t e d  and u s e d  
t o  a n a l y z e  movements o f  h y p o t h e t i c a l  o i l  s l i c k s  on a  d i g i t a l  
map o f  t h e  Western  Gulf of  A l a s k a  between about  l a t  55" t o  
61°N. and a b o u t  l o n g  147' t o  157"W. The c o o r d i n a t e  s y s t e m  

I f o r  t h i s  a r e a  was e s t a b l i s h e d  w i t h  a  g r i d  s i z e  of  1 n a u t i c a l  
m i l e  (nmi ) .  S u r f a c e  c u r r e n t  v e l o c i t y  f i e l d s  were p r o v i d e d  
by N a t i o n a l  Ocean ic  and  Atmospher ic  A d m i n i s t r a t i o n .  
S h o r t - t e r m  p a t t e r n s  i n  wind v a r i a b i l i t y  were c h a r a c t e r i z e d  



Figure 1.--Map of t h e  Western Gulf of Alaska Outer Cont inenta l  Shelf 
showing subd iv i s ions  of t h e  l e a s e  a rea  (1-10) and t h e  
mid-points of two poss ib le  o i l  t r anspor t  r o u t e s  t o  
shore (A-B). 



w i t h  a  p r o b a b i l i t y  m a t r i x  f o r  s u c c e s s i v e  3-hour  v e l o c i t y  

I t r a n s i t i o n s  ( f i r s t  o r d e r  Yarkov p r o c e s s ) .  Wind t r a n s i t i o n  
m a t r i c e s  were  e v a l u a t e d  from U .  S .  Weather S e r v i c e  r e c o r d s  

I from t h e  Kodiak,  Alaska  and M i d d l e t o n  I s l a n d  Alaska  w e a t h e r  
s t a t i o n s  ( 5  y e a r s  continuous r e c o r d  e a c h )  and were 
e s t a b l i s h e d  s e p a r a t e l y  f o r  f o u r  s e a s o n s .  

T r a j e c t o r i e s  o f  500 h y p o t h e t i c a l  o i l s p i l l s  were 
s i m u l a t e d  i n  Blonte C a r l o  f a s h i o n  f o r  s p i l l  s i t e s  w i t h i n  e a c h  
of t h e  t e n  s u b d i v i s i o n s  o f  t h e  l e a s e  a r e a  and a l o n g  two 
h y p o t h e t i c a l  t r a n s p o r t a t i o n  r o u t e s ,  unde r  wind and c u r r e n t  
c o n d i t i o n s  ( f o r  t h e  f o u r  s e a s o n s ) ,  y i e l d i n g  a  t o t a l  of  
24,000 t r a j e c t o r i e s .  S u r f a c e  t r a n s p o r t  o f  tfie o i l  s l i c k  f o r  
e a c h  s p i l l  was s i m u l a t e d  a s  a  s e r i e s  o r  s t r a i g h t l i n e  
d i s p l a c e m e n t s  o f  a  p o i n t  i n  s p a c e ,  e a c h  r e p r e s e n t i n g  t h e  
j o i n t  i n f l u e n c e  o f  wind and  c u r r e n t  on t h e  s l i c k  f o r  a 
3 - h o u r  p e r i o d .  Wind t r a n s i t i o n  p r o b a b i l i t y  m a t r i c e s  were 
randomly sampled  e a c h  p e r i o d  f o r  a  new wind s p e e d  and  
d i r e c t i o n ,  and t h e  c u r r e n t  v e l o c i t y  was upda ted  a s  t h e  s p i l l  
changed l o c a t i o n  i n  t h e  v e l o c i t y  f i e l d .  The wind d r i f t  
f a c t o r  was t a k e n  t o  be 0 . 0 3 5  w i t h  a  d r i f t  a n g l e  o f  20'. 

The f i n a l  p r o d u c t  o f  t r a j e c t o r y  model r u n s  c o n s i s t s  of 
a  l a r g e  number o f  s i m u l a t e d  o i l s p i l l  t r a j e c t o r i e s  o r  
pa thways  which c o l l e c t i v e l y  r e f l e c t  b o t h  t h e  g e n e r a l  t r e n d  
and v a r i a b i l i t y  o f  winds and c u r r e n t s  ( s e e  f i g s .  4 t h r o u g h  
7 ) ,  and which c a n  be summarized i n  s t a t i s t i c a l  terms. I t  
s h o u l d  be emphas ized  t h a t  t h e s e  t r a j e c t o r i e s  r e p r e s e n t  o n l y  
h y p o t h e t i c a l  pathways f o r  t h e  t r a n s p o r t  of  o i l s l i c k s  and  do 
n o t  i n v o l v e  any  c o n s i d e r a t i o n  o f  c l e a n u p ,  d i s p e r s i o n ,  o r  
w e a t h e r i n g  p r o c e s s e s  which would d e t e r m i n e  t h e  q u a n t i t y  and 
q u a l i t y  o f  o i l  t h a t  may e v e n t u a l l y  come i n  c o n t a c t  w i t h  
b i o l o g i c a l  p o p u l a t i o n s  o r  o t h e r  i m p o r t a n t  r e s o u r c e s .  The 
s i g n i f i c a n c e  o f  d i s p e r s i o n  and w e a t h e r i n g  i n  m i  t i g a t i n g  
o i l s p i l l  i m p a c t s  i s  d i s c u s s e d  i n  more d e t a i l  below. 

L o c a t i o n s  o f  BCoZogicaZ and R e c r e a t i o n a l  Resources 

The l o c a t i o n s  o f  2 4  c a t e g o r i e s  o f  b i o l o g i c a l ,  
r e c r e a t i o n a l ,  and  o t h e r  r e s o u r c e s  were d i g i t i z e d  i n  t h e  same 
c o o r d i n a t e  s y s t e m  a s  t h a t  u s e d  i n  t r a j e c t o r y  s i m u l a t i o n s  
(See Appendix A ,  f i g s .  1 - 2 4 ) .  The monthly s e n s i t i v i t y  o f  
t h e s e  r e s o u r c e s  ( f o r  example spawning p e r i o d  o r  m i g r a t i o n  
p e r i o d )  was a l s o  r e c o r d e d .  Resource  groups  were a s  f o l l o w s :  



1 Salmon purse  s e i n i n g  and s e t  n e t  a r e a s  

2 Pink and chum salmon i n t e r t i d a l  spawning a r e a s  

3  Dungeness c r ab  spawning,  r e a r i n g  and ca tch  a r e a s  

4 Tanner c r ab  f i s h i n g  a r e a s  

5 Tanner c rab  mating and h a t c h i n g  a r e a s  

6 Tanner c r ab  v i t a l  r e a r i n g  a r e a s  

7 Tanner c r a b  impor t an t  r e a r i n g  a r e a s  

8  King c r a b  mating and h a t c h i n g  a r e a s  

9  King c rab  v i t a l  r e a r i n g  a r e a s  

10 King c r ab  impor tan t  r e a r i n g  a r e a s  

11 Shrimp f i s h i n g  a r e a s  

1 2  Shrimp r ep roduc t ion  r e a r i n g  a r e a s  

1 3  Seab i rd  co lon i e s  

1 4  Summer b i r d  d i s t r i b u t i o n  ( June ,  J u l y ,  August) 

15 F a l l  b i r d  d i s t r i b u t i o n  (September, October ,  November) 

16 Winter b i r d  d i s t r i b u t i o n  (December, J anua ry ,  February)  

17 Spr ing  b i r d  d i s t r i b u t i o n  (March, A p r i l ,  May) 

18  Marine mammal f o r a g i n g  a r e a s  

19  Sea l i o n  r o o k e r i e s  and h a u l i n g  grounds 

20 Harbor s e a l  r o o k e r i e s  and hau l ing  grounds 

2 1  Sea o t t e r  c o n c e n t r a t i o n  a r e a s  

2 2  Kelp beds 

23 Foreign f i s h i n g  a r e a s  

24 Archeological  s i t e s  



RESULTS ANU DISCUSSION 

SpiZZ Frequency Estimates 

The p r o b a b i l i t y  d i s t r i b u t i o n  on t h e  frequency of o i l -  
s p i l l s  g r e a t e r  t han  1,000 b b l s  i n  s i z e  dur ing t h e  p roduc t ion  
l i f e  o f  t h e  proposed l e a s e  a r e a  i s  given i n  f i g u r e  2 .  
P r o b a b i l i t i e s  apply  t o  t h e  t o t a l  o f  p roduc t ion  p l a t f o r m  
s p i l l s  and p i p e l i n e  s p i l l s  assuming t r a n s p o r t  of t h e  t o t a l  
p roduc t  t o  s h o r e  v i a  p i p e l i n e .  Although t r a n s p o r t  by 
p i p e l i n e  i s  t h e  p r e t e r r e d  method, t a n k e r  o r  barge  t r a n s p o r t  
i s  c o n s i d e r e d  a p o s s i b i l i t y ,  a t  l e a s t  f o r  the  e a r l y  y e a r s  of 
p r o d u c t i o n .  The cor responding  f requency d i s t r i b u t i o n  f o r  
t h e  t o t a l  o f  p l a t f o r m  and t a n k e r  s p i l l s  i s  p r e s e n t e d  i n  
f i g u r e  3 f o r  comparison. Means of  t h e  d i s t r i b u t i o n s  i n  
f i g u r e s  2 and 3 a r e  i n d i c a t e d  w i t h  arrows. On t h e  b a s i s  of 
development p l a n s  o u t l i n e d  i n  t h e  Draf t  Environmental  
S ta tement  f o r  t h i s  a r e a  i t  was assumed t h a t  t r a n s p o r t  f o r  
s i t e s  1 - 5  would pas s  through s i t e  A ,  and t h a t  t r a n s p o r t  f o r  
s i t e s  6-10 would pas s  through s i t e  B (see  f i g .  1 ) .  

I n  t h e  absence of r e f i n e r y  c o n s t r u c t i o n  i n  t h e  Western 
Gulf of  Alaska r eg ion ,  i t  i s  expec ted  t h a t  any crude o i l  
t r a n s p o r t e d  by p i p e l i n e  from t h e  l e a s e  a r e a  t o  s t o r a g e  
f a c i l i t i e s  on shore  would be subsequen t ly  c a r r i e d  by t a n k e r  
from t h e s e  t e r m i n a l s  t o  e x i s t i n g  r e f i n e r i e s  e l sewhere .  Thus 
it should  be no ted  t h a t  i n  a d d i t i o n  t o  the  s p i l l  r i s k  
a s s o c i a t e d  w i t h  p roduc t ion  and t r a n s p o r t  t o  shore  ( f i g .  2 ) ,  
t h e r e  would be a  f u r t h e r  inc rement  o f  r i s k  a s s o c i a t e d  w i t h  
t h i s  t a n k e r  t r a f f i c  i n  and o u t  of  l o c a l  p o r t s .  An e s t i m a t e  
o f  t a n k e r  s p i l l  f requency based on e s t ima ted  p roduc t ion  from 
Kodiak o i l  f i e l d s  i s  g iven  i n  t a b l e  1. Only a  f r a c t i o n  of 
t h i s  r i s k  a p p l i e s  t o  t he  immediate r e g i o n ,  however, t h e  
remainder  be ing  d i s t r i b u t e d  a long  the  t anke r  r o u t e s  t o  
r e f i n e r i e s ,  and wi th in  t h e  e s t u a r i e s  and p o r t s  where 
t e r m i n a l s  a r e  l o c a t e d ,  

One of  t h e  advantages  o f  making r e d i c t i o n s  about  o i l -  
s p i l l  f requency  i n  t he  form o f  a  proba { i l i t y  d i s t r i b u t i o n  i s  
t h a t  such  d a t a  g i v e  no t  o n l y  an e s t i m a t e  o f  t h e  most l i k e l y  
number o f  s p i l l s  t h a t  would be expected t o  occur  b u t  some 
measure o f  t h e  u n c e r t a i n t y  t h a t  e x i s t s  about  t h a t  
p r e d i c t i o n .  F igure  2 ,  f o r  example, i n d i c a t e s  t h a t  t h e  
expec ted  number of  s p i l l s  g r e a t e r  than  1 , 0 0 0  bbls  i s  about  
7 - 8  s p i l l s  (mean of 7 .5 ) ,  b u t  t h a t  t h e r e  i s  on ly  about  
14 -pe rcen t  p r o b a b i l i t y  t h a t  t h e r e  would be e x a c t l y  7 s p i l l s ,  
about  13 -pe rcen t  p r o b a b i l i t y  t h a t  t h e r e  would be e x a c t l y  8 







s p i l l s ,  and 6 2 - p e r c e n t  chance  t h e  number would be a n y ~ ~ h e r e  
from 5 t o  9 s p i l l s  ( o b t a i n e d  by summing t h e  p r o b a b i l i t i e s  
o v e r  t h a t  r a n g e ) .  No t ing  t h a t  t h e  p r o b a b i l i t y  of  z e r o  
o i l s p i l l s  g r e a t e r  t h a n  1 , 0 0 0  b b l s  i s  l e s s  than  1 p e r c e n t ,  
one c a n  conclude  t h a t  t h e  p r o b a b i l i t y  o f  a t  l e a s t  one s p i l l  
( t h a t  i s  sum of  t h e  p r o b a b i l i t i e s  f o r  one and g r e a t e r )  i s  
v e r y  n e a r  100 p e r c e n t .  Again ,  t h e s e  p r o b a b i l i t i e s  a p p l y  t o  
t h e  sum of  p l a t f o r m  and p i p e l i n e  s p i l l s  l a r g e r  t h a n  1 ,000 
b b l s  o v e r  t h e  e s t i .ma ted  f i e l d  l i f e  o f  t h e  t o t a l  p roposed  
l e a s e  a r e a .  A breakdown o f  t h e s e  d a t a  f o r  p l a t f o r m ,  
p i p e l i n e ,  and t a n k e r  s p i l l s  a p p e a r s  i n  t a b l e  1 A .  Expected  
f r e q u e n c i e s  f o r  s p i l l s  i n  t h e  s i z e  r ange  50-1 ,000 b b l s  and 
l e s s  t h a n  50 b b l s  o v e r  t h e  p r o d u c t i o n  l i f e  o f  t h e  t o t a l  a r e a  
a r e  g i v e n  i n  t a b l e s  1 B  and 1 C .  A v a i l a b l e  s o u r c e s  do n o t  
p r o v i d e  f o r  a  mean ingfu l  s e p a r a t i o n  o f  p i p e l i n e  and p l a t f o r m  
s p i l l  s t a t i s t i c s  f o r  s p i l l s  s m a l l e r  t h a n  1 ,000  b b l s .  

Recent  T r e n d s  i n  S p i l l  S t a t i s t i c s  

A l l  o f  t h e  above f i g u r e s  a r e  s u b j e c t ,  o f  c o u r s e ,  t o  t h e  
v a l i d i t y  o f  e a r l i e r  s t a t e d  a s s u m p t i o n s ,  t h e  most i m p o r t a n t  
of t h e s e  being t h a t  a c c i d e n t  r a t e s  p e r  u n i t  p r o d u c t l o n  of 
f u t u r e  Gulf of  A l a s k a  f i e l d s  would be t h e  same a s  t h o s e  
o b s e r v e d  t o  d a t e  i n  o t h e r  a r e a s .  One might q u e s t i o n  t h i s  
a s sumpt ion  e i t h e r  from t h e  p o i n t  o t  v iew t h a t  s a f e t y  r e c o r d s  
might  be e x p e c t e d  t o  improve w i t h  t i m e ,  o r  from t h e  
s t a n d p o i n t  t h a t  a c c i d e n t  r a t e s  a r e  n o t  t r a n s f e r r a b l e  t o  a  
newly opened OCS a r e a .  

With r e g a r d  t o  t h e  u e s t i o n  o f  improvement i n  a c c i d e n t  
r a t e s ,  r e c e n t  s t a t i s t i c s  l r o m  Coas t  Guard F i l e s  show no 
c l e a r  t r e n d  i n  s p i l l  f r e q u e n c y  f o r  p r o d u c t l o n  p l a t f o r m s  and 
p i p e l i n e s  d u r i n g  t h e  p e r i o d  1971- 7 5 .  S p i l l  f r e q u e n c y  
e s t i m a t e s  g i v e n  above ( t a b l e  1 )  f o r  p l a t f o r m  and p i p e l i n e  
s p i l l s  were based  on Gulf  o f  Mexico s t a t i s t i c s  f o r  t h e  y e a r s  
1971  and 1972,  f o r  which t h e  a c c i d e n t  r a t e  was 3 .6  i n c i d e n t s  
p e r  m i l l i o n  b a r r e l s  p roduced  and hand led  ( a l l  s i z e s ) .  The 
c o r r e s p o n d i n g  a c c i d e n t  r a t e s  f o r  t h e  y e a r s  1973-75 were 3 .9 ,  
4 . 2  and 3.2 i n c i d e n t s  p e r  m i l l i o n  b a r r e l s  r e s p e c t i v e l y .  
Trends  i n  s p i l l  f r e q u e n c y  f o r  l a r g e r  s p i l l  s i z e s  a r e  
s i m i l a r l y  d i f f i c u l t  t o  i d e n t i f y .  G e o l o g i c a l  Survey r e c o r d s  
f o r  s p i l l s  o f  50 b b l s  and l a r g e r  i n  t h e  Gulf o f  Mexlco OCS 
l i s t  11, 2 ,  4 ,  8 ,  and 2 i n c i d e n t s  r e s p e c t i v e l y  f o r  t h e  y e a r s  
1971  th rough  1975,  a  p e r i o d  d u r i n g  which o f f s h o r e  p r o d u c t i o n  
g r a d u a l l y  d e c l i n e d  from 387 t o  315 m i l l i o n  b b l s  y e a r ,  
(Uanenberger  , 1976) .  



Table 1 ( A ,  B ,  and C) . - -Oi lspi l l  frequency est imates by p o t e n t i a l  source 
for the  Kodiak l e a s e  area  based on d i s t r i b u t i o n s  
of Devanney and Stewart ,  1974.  

Expected 
Number 

P robab i l i ty  of 
a t  l e a s t  one s p i l l  

A. S p i l l s  > 1,000 bb l s  

P l a t f  o m s  

P ipe l ines  

Tankers 

Platforms & Pipel ines  

Platforms & Tankers 

B. S p i l l s  50-1,000 bbls  

platforms & Pipel ines  7 5 

Tankers 2 9 

C. S p i l l s  0-50 bb l s  (mean s i z e  
approx. = 1 bbl )  

~ l a t f  o m s  & Pipel ines  5,465 

Tankers 656 

g Greater  than 99.5 percent  p r o b a b i l i t y .  



I t  should  a l s o  be p o i n t e d  o u t  t h a t  whi le  t h e  t o t a l  
volume o f  o i l  s p i l l e d  i n  sma l l  O C S  i n c i d e n t s  ( l e s s  t han  5 0  
b b l s )  d e c l i n e d  q u i t e  s t e a d i l y  from about  1 , 5 0 0  bb l s  t o  about  
700 b b l s  p e r  y e a r  between 1 9 7 1  and 1 9 7 5 ,  t h e  t o t a l  annual  
volume l o s t  i n  t h e  OCS s p i l l s  of a l l  s i z e s  has been 
ex t remely  v a r i a b l e  and shows no dec iphe rab l e  t r e n d .  To ta l  
volume s p i l l e d  i n c r e a s e d  from l e s s  t h a n  3,UOO b b l s  p e r  y e a r  
i n  1971 and 1972 t o  more t han  23,000 bb l s  p e r  y e a r  i n  1973 
and 1974, then dec l ined  a g a i n  t o  l e s s  than 1,000 b b l s  i n  
1975 (Danenberger, 1976) .  

There i s  ev idence ,  however, o f  r e c e n t  improvement i n  
t h e  i n c i d e n c e  o f  t anke r  s p i l l s .  Frequency e s t i m a t e s  g iven  
above f o r  t anke r  s p i l l s  were based on world s t a t i s t i c s  f o r  
t h e  y e a r s  1969-72 ( s p i l l s  over  1 ,000 b b l s )  and U.S. Coast  
Guard d a t a  f o r  t h e  y e a r s  1971-72 ( s p i l l s  under 1 ,000 b b l s )  
f o r  which t h e  o v e r a l l  a c c i d e n t  r a t e  was 0.45 i n c i d e n t s  p e r  
m i l l i o n  b a r r e l s  handled ( a l l  s i z e s  ; Oevanney and S t e w a r t ,  
1974) .  The corresponding r a t e  f o r  t h e  y e a r s  1973-74 was 
on ly  about  0.07 i n c i d e n t s  p e r  m i l l i o n  b a r r e l s ,  a l t hough  some 
of t h e  apparen t  improvement i s  due simply t o  a  change i n  t h e  
method o f  e s t i m a t i n g  volumes o f  crude handled i n  U.S. p o r t s  
(S t ewar t ,  1976) .  

OiZspiZZ Trajectories 

The r e s u l t s  o f  t r a j e c t o r y  model runs  c o n s i s t  of  a  l a r g e  
number of  h y p o t h e t i c a l  o i l s p i l l  t r a j e c t o r i e s  (24,UOO) which 
c o l l e c t i v e l y  r e f l e c t  bo th  t h e  g e n e r a l  t r e n d  and v a r i a b i l i t y  
o f  winds and c u r r e n t s  and which can be d e s c r i b e d  i n  
s t a t i s t i c a l  terms.  Ten t r a j e c t o r i e s  based on wind and 
c u r r e n t  c o n d i t l o n s  f o r  each  o f  t h e  f o u r  seasons  have been 
randomly s e l e c t e d  a s  examples from a  t o t a l  o t  2,000 
t r a j e c t o r i e s  r e l e a s e d  from l o c a t i o n  5 n e a r  t h e  c e n t e r  o f  t h e  
l e a s e  a r e a  and a r e  shown i n  f i g u r e s  4 - 7 .  The p a t t e r n s  
e v i d e n t  i n  t h e  t r a j e c t o r y  s i m u l a t i o n s  a r e  roughly s i m i l a r  
ove r  a l l  seasons  and a l l  s i t e s  t end ing  e i t h e r  s o u t h  o r  
south-west  depending on whether  t h e  s imula ted  s p i l l  moves 
o u t s i d e  t h e  l e a s e  a r e a  away from Kodiak I s l a n d  o r  n o t .  
Those t r a j e c t o r i e s  t h a t  happen t o  move toward shore  t end  t o  
wander about i n  t he  r e g i o n  ex tend ing  from t h e  l e a s e  a r e a  t o  
t h e  Kodiak c o a s t .  Those t r a j e c t o r i e s  t h a t  move e a s t  (and 
s o u t h )  o f  t h e  t r a c t s  q u i c k l y  t r a v e l  sou th-sou thwes t ,  l e a v i n g  
t h e  a r e a  o f  c o n s i d e r a t i o n .  

The s p a t i a l  d i s p o s i t i o n  of  t h e  t r a j e c t o r y  s i m u l a t i o n s  
is  shown i n  f i g u r e  8.  The f i n a l  l o c a t i o n  of each t r a j e c t o r y  



Figure 4.--Example o i l s p i l l  t r a j e c t o r y  r e s u l t s  for a s p i l l  s i t e  near the  
cen te r  of the  proposed l e a s e  area :  winter  condit ions.  
Number on t r a j e c t o r y  reaching the  coas t  gives time t o  
land i n  days. 



Figure 5.--Example o i l s p i l l  t r a j e c t o r y  r e s u l t s  f o r  a  s p i l l  s i t e  near t h e  
center  of t h e  proposed l e a s e  area:  spring condit ions.  
Number on t r a j e c t o r y  reaching t h e  coas t  gives time t o  
land i n  days. 



Figure 6.--Example o i l s p i l l  t ra jec tory  r e s u l t s  f o r  a s p i l l  s i t e  near the  
center  of the proposed lease  area:  summer conditions. 
Number on t ra jec tory  reaching the  coast  gives time t o  
land i n  days. 



Figure 7.--Example o i l s p i l l  t r a j e c t o r y  r e s u l t s  f o r  a s p i l l  s i t e  near  t h e  
center  of t h e  proposed l e a s e  area :  autumn condi t ions .  

Number on t r a j e c t o r y  reaching the  coas t  g ives  time t o  
land i n  days. 



was r eco rded  and t h e  r e s u l t s  f o r  s p e c i f i c  s e c t i o n s  of t h e  
c o a s t l i n e  were expressed  as a  p e r c e n t  of t h e  t o t a l .  Thus ,  
accord ing  t o  f i g u r e  8 ,  1 2  p e r c e n t  o f  t h e  s p i l l s  t r a j e c t e d  
ashore  on o r  n e a r  Afognak I s l a n d ,  I1 p e r c e n t  on n o r t h e r n  
Kodiak c o a s t ,  about  4 pe rcen t  on t h e  Southern Kodiak c o a s t  
about 6 p e r c e n t  on t h e  T r i n i t y  I s l a n d s ,  and about 7 pe r cen t  
on C h i r i k o f  I s l a n d .  Two p e r c e n t  of t h e  t r a j e c t o r i e s  were 
l e f t  a t  s e a ;  t h a t  i s  a f t e r  90  days of t r a c k i n g  they had 
n e i t h e r  beached o r  l e f t  t h e  map. The tendency f o r  
t r a j e c t o r i e s  t o  t r a v e l  sou th-sou thwes t  , as  seen i n  f i g u r e s  
4 - 7 ,  i s  r e f l e c t e d  i n  f i g u r e  8 .  About 5 6  pe rcen t  of  t h e  
s imu la t ed  s p i l l s  l e f t  t h e  a r e a  of c o n s i d e r a t i o n  by t r a v e l i n g  
sou th  and sou thwes t  from t h e  l e a s e  a r e a .  Heading i n  t h l s  
d i r e c t i o n  t h e  s p i l l s  would be i n  t h e  o p p  waters of t h e  
P a c i f i c  Ocean. 

OiZspiZZ T r a j e c t o r i e s  i n  R e l a t i o n  t o  B i o l o g i c a l  Resources  
and R e c r e a t i o n  Areas 

O i l s p i l l  t r a j e c t o r y  s i m u l a t i o n s  were conducted keeping 
t r a c k  o f  t h e  f requency  wi th  which t r a j e c t o r i e s  i n t e r s e c t e d  
t h e  l o c a t i o n s  o f  b i o l o g i c a l  and r e c r e a t i o n a l  r e s o u r c e s .  
T r a j e c t o r i e s  were recorded a s  impac t ing  a  resource  only  i n  
ca se s  where t h e  resource  was l i s t e d  a s  being vu lne rab l e  t o  
o i l s p i l l s  i n  t h e  month t h e  impact  took p l a c e .  Table 2 g ives  
t h e  p r o b a b i l i t y  o f  impact on each  o f  t h e  25 c a t e g o r i e s  o f  
b i o l o g i c a l  r e s o u r c e s ,  r e c r e a t i o n  a r e a s ,  and o t h e r  o b j e c t s  
f o r  a  s p i l l  o r i g i n a t i n g  a t  t h e  twelve  s p i l l  s i t e s  w i th in  t h e  
l e a s e  a r e a  ( s e e  f i g .  1 ) .  A s  one would e x p e c t ,  t h e  
l i k e l i h o o d  t h a t  a  g iven  s p i l l  t r a j e c t o r y  would beach a t  t h e  
l o c a t i o n  of  a  s p e c i f i c  l and-based  r e sou rce  dur ing c r i t i c a l  
seasons  i s  g e n e r a l l y  sma l l e r  t h a n  t h e  4 4  p e r c e n t  p r o b a b i l i t y  
of coming a s h o r e  anywhere. 

E s t i m a t e s  o f  Weather ing  Rates  and S l i c k  D i s p e r s i o n  

I t  must be emphasized t h a t  up t o  t h i s  p o i n t  t h e  
a n a l y s i s  h a s  d e a l t  only wi th  t r a j e c t o r i e s  f o r  t h e  t r a n s p o r t  
of s u r f a c e  o i l  by winds and c u r r e n t s  and has  not  invo lved  
any c o n s i d e r a t i o n  of d i s p e r s i o n  o r  weather ing p r o c e s s e s  
which would p r o g r e s s i v e l y  , reduce t h e  q u a n t i t y  o f  o i l  
con ta ined  i n  t h e  s l i c k  a s  i t  t r a v e l e d  towards sho re .  The 
p r o b a b i l i t i e s  g lven  i n  t a b l e  2 ,  t h e r e t o r e ,  r e p r e s e n t  a  
wor s t - ca se  a n a l y s i s  i n  t h e  s e n s e  t h a t  some f r a c t i o n  of t h e  

I s p i l l s  o c c u r r i n g  more than 50 rnl les o f f s h o r e  i n  t h e  l e a s e  
a r e a  would be expected t o  d e t e r i o r a t e  t o  t h e  p o i n t  of  



Figure 8.--Probability that an oilspill occurring in the Kodiak lease 
area will come ashore at various geographic locations. 
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them i n  p r o b a b i  

f o r e  
i n g  
l i t y  

r e a c h i n g  
and d i s p e r s  

e s t i m a t e s  

l a n d .  Some a t t e m p t  a t  
i v e  e f f e c t s  and a c c o u n t i n g  
i s  t h u s  i n  o r d e r .  

One i m p o r t a n t  f a c t o r  d e t e r m i n i n g  t h e  s i g n i  t i c a n c e  o f  
w e a t h e r i n g  i n  r e d u c i n g  o i l s p i l l  i m p a c t s  i s  t h e  t ime r e q u i r e d  
f o r  s p i l l s  t o  r e a c h  l a n d .  Times t o  l a n d  f o r  s i m u l a t e d  
t r a j e c t o r i e s ,  i n  f a c t ,  c o v e r e d  a  v e r y  wide r a n p e ,  and i t  i s  
t h e r e f o r e  p a r t i c u l a r l y  i m p o r t a n t  t o  c o n s i d e r  t h i s  t a c t o r  i n  
i n t e r p r e t i n g  r e s u l t s  o f  t h e  s p i l l  t r a j e c t o r y  a n a l y s i s .  
T a b l e  3 shows t h e  mean number o f  days  a t  s e a  f o r  
t r a j e c t o r i e s  which r e a c h e d  t h e  c o a s t  w i t h i n  90 d a y s  from t h e  
s p i l l  s i t e s .  The mean t i m e  t o  l a n d  from t h e  p r o d u c t i o n  
a r e a s  seems t o  be d e t e r m i n e d  p r i m a r i l y  by t h e  d i s t a n c e  o f  
t h e  s i t e  from l a n d  m o d i f i e d  b y  how f a r  s o u t h  t h e  s i t e  i s  
r e l a t i v e  t o  Kodiak I s l a n d .  'l 'hat i s ,  a s  d i s c u s s e d  above ,  t h e  
s i m u l a t e d  s p i l l s  have  a  s t r o n g  s o u t h e r l y  t endency  s o  t h a t  
s p i l l s  o r i g i n a t i n g  a t  t h e  s o u t h e r n  s i t e s  must r e a c h  l a n d  
q u i c k l y  i f  t h e y  a r e  t o  do s o  b e f o r e  l e a v i n g  t h e  a r e a  o f  
c o n s i d e r a t i o n .  

I n c l u d e d  i n  t h e  l i s t  o f  f a c t o r s  which would d e t e r m i n e  
t h e  p o t e n c y  o f  s p i l l s  a t  t h e  t i m e  o f  impact  would be s p i l l  
s i z e  o f  c o u r s e ,  a s  w e l l  a s  t h e  q u a l i t y  o r  c o m p o s i t i o n  of  t h e  
o i l  s i n c e  l i g h t e r  we igh t  c r u d e s  e v a p o r a t e  a t  a  much more 
r a p i d  r a t e  t h a n  t h o s e  w i t h  a  l a r g e  p r o p o r t i o n  o f  h i g h  
m o l e c u l a r  we igh t  h y d r o c a r b o n s .  T h i s  l a t t e r  f a c t o r  i s  ha rd  
t o  p r e d i c t  i n  advance and  t h e  s i g n i f i c a n c e  o f  w e a t h e r i n g  i s  
t h e r e f o r e  d i f f i c u l t  t o  q u a n t i t y  d e s p i t e  i t s  o b v i o u s  1 
i m p o r t a n c e  i n  i n t e r p r e t i n g  t h e s e  r e s u l t s .  A l s o ,  t h e  
d i s p e r s i o n  o f  a  s p i l l  and t h e  l i k e l i h o o d  t h a t  i t  would 
impac t  a  r e s o u r c e  a r e  p o t e n t i a l l y  r educed  by c l e a n u p  
e f f o r t s ,  b u t  t h i s  m i t i g a t i n g  f a c t o r  i s  n o t  i n c o r p o r a t e d  i n  
t h e  p r o b a b i l i t y  a n a l y s i s .  

The most i m p o r t a n t  c o n c l u s i o n  t o  be r eached  from t h e  
d a t a  i n  t a b l e  3 i s  t h a t  t i m e s  t o  s h o r e  f o r  most s p i l l s  w i l l  
be s o  l o n g  t h a t  t h e y  w i l l  n o  l o n g e r  e x i s t  a s  an i d e n t i f i a b l e  
s l i c k  b u t  r a t h e r  w i l l  have f r agmen ted  i n t o  a  l a r g e  number of  
d i s c r e t e  p a r t i c l e s  o r  "b lobs"  by t h e  t ime  any o i l  a r r i v e s  on 
s h o r e .  O b s e r v a t i o n s  by J e f f e r y  (1973) o f  a c t u a l  s p i l l s  i n  
t h e  Nor th  A t l a n t i c  i n d i c a t e  breakup o f  t h e  s l i c k  can  be 
e x p e c t e d  w i t h i n  about  3 d a y s ,  and t h a t  t h e  p a r t i c l e s  o f  
r e s i d u a l  o i l  t y p i c a l l y  c o n s i s t  o f  spongy emuls ions  o f  o i l  o f  
w i d e l y  v a r y i n g  s i z e s .  bloreover ,  i t  i s  g e n l r a l l y  a g r e e d  t h a t  
l a r g e  fractions o f  t h e  o r i g i n a l  volume o f  o i l  w i l l  e v a p o r a t e  
i n  t h e  f i r s t  few days  o f  w e a t h e r i n g  and t h a t  f u r t h e r  l o s s  t o  
t h e  a tmosphere  o c c u r s  a t  a  v e r y  s l o w  r a t e .  Data from Nelson  



Table 3.--Mean time t o  shore ( i n  days) f o r  spills or ig ina t ing  
i n  t h e  Western Gulf of Alaska. 

Season 

S i t e  
- - -- - -- 

Spring Summer Autumn 



(1958)  f o r  c r u d e  o i l  o f  A P I  g r a v i t y  4 0 ° ,  f o r  example ,  
i n d i c a t e  abou t  5 0  p e r c e n t  o f  t h e  o r i g i n a l  s p i l l  volume would 
be l o s t  t o  evaporation. 

Thus f o r  o i l  s p i l l s  i n  t h e  Kodiak l e a s e  a r e a  i t  would 
a p p e a r  t h a t  an  i m p o r t a n t  c o n s i d e r a t i o n  i s  t h e  e x t e n t  t o  
which f r a g m e n t s  o f  t h e  s l i c k  a r e  d i s p e r s e d  by t h e  t i m e  t h e y  
r e a c h  s l ~ o r e .  Using l a t e r a l  d i s p e r s i o n  c o e f f i c i e n t s  from 
Csanady (1974) e s t i m a t e s  o f  s l i c k  d i s p e r s i o n  were made f o r  
v a r i o u s  t r a v e l  t i m e s  and f o r  two s p i l l  s i z e s ,  1 , 0 0 0  b b l s  and 
50 b b l s ,  assuming 50 p e r c e n t  l o s s -  o f  t h e  o r i g i n a l  volume by 
e v a p o r a t i o n .  The r e s u l t i n g  d i s t r i b u t i o n  of o i l  a l o n g  an 
assumed s t r a i g h t  s h o r e l i n e  i s  g i v e n  i n  f i g u r e  9 .  I t  i s  
i m p o r t a n t  t o  n o t e  t h a t  t h e  p r o f i l e s  w i l l  t l a t t e n  
c o n s i d e r a b l y  a s  t h e  c o a s t l i n e  becomes more i r r e g u l a r .  I n  
any c a s e ,  i t  a p p e a r s  t h a t  r e s i d u a l  o i l  from a  s i n g l e  s p i l l  
a s  s m a l l  a s  50 b b l s  would n o t  be e a s i l y  d e t e c t e d  on t h e  
beach  a f t e r  30 days a t  s e a .  

Combined AnaZys i s :  SpiZZ Frequency E s t i m a t e s  and O i  L sp i  2 2  
T r a j e c t o r i e s  

I t  i s  wor th  b r i e f l y  summarizing some o f  t h e  i m p o r t a n t  
p o i n t s  t o  be  drawn from t h e  r e s u l t s  p r e s e n t e d  t h u s  f a r .  
Data  i n  t a b l e  1 i n d i c a t e  t h a t  a l t h o u g h  more t h a n  5 , 5 0 0  
o i l s p i l l  i n c i d e n t s  would be  e x p e c t e d  d u r l n g  t h e  c o u r s e  o f  
o i l  p r o d u c t i o n  i n  t h e  Wes te rn  Gulf of  A l a s k a ,  o n l y  a  v e r y  
few a r e  l i k e l y  t o  e x c e e d  1 , 0 0 0  b b l s .  F u r t h e r m o r e ,  
c o n s i d e r a t i o n  ok t r a v e l  t i m e  t o  s h o r e  ( t a b l e  3), e v a p o r a t i o n  
r a t e s ,  and  r a t e s  o f  s l i c k  d i s p e r - c i o n  ( f i g .  9 )  l e a d s  t o  t h e  
c o n c l u s i o n  t h a t  an i n d i v i d u a l  s p i l l  would need  t o  be a s  
l a r g e  a s  1 ,000  b b l s  i n  s i z e  i n  o r d e r  t o  have s i g n i f i c a n t  
e c o l o g i c a l  impac t .  The p r o b a b i l i t i e s  i n  t a b l e  2 g i v e  t h e  
c h a n c e s  t h a t  i f  a  ma jo r  s p i l l  o c c u r s  i n  t h e  l e a s e  a r e a  it 
would come a s h o r e  and h i t  any o t  v a r i o u s  i m p o r t a n t  
r e s o u r c e s .  

With r e s p e c t  t o  t h e  h a z a r d  o f  ma jo r  s p i l l s  ( t h a t  i s ,  
g r e a t e r  t h a n  1 , 0 0 0  b b l s )  , t h e  d a t a  p r e s e n t e d  i n  t a b l e  2 
r e p r e s e n t  o n l y  a  p a r t i a l  s o l u t i o n  t o  t h e  p rob lem o f  
a s s e s s i n g  o i l s p i l l  r i s k s  t o  i m p o r t a n t  r e s o u r c e s .  The 
o v e r a l l  o i l s p i l l  r i s k  p o s e d  by o i l  and gas  development  i n  
t h e  p r o p o s e d  s a l e  a r e a  must be a s s e s s e d  as a  j o i n t  f u n c t i o n  
of  t h e  p r o b a b i l i t y  t h a t  s p i l l s  w i l l  o c c u r  i n  t h e  c o u r s e  o f  
development  a s  w e l l  a s  t h e  l i k e l i h o o d  t h a t  s p i l l s  w i l l  
ko l low c e r t a i n  t r a j e c t o r i e s .  Thus ,  t h e  d a t a  i n  t a b l e  2 must 
be combined w i t h  t h e  s p i l l  f r e q u e n c y  e s t i m a t e s  p r e s e n t e d  i n  
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f i g u r e s  2 and 3 above t o  o b t a i n  a  t o t a l  p r o b a b i l i t y  
distribution f o r  impacts on s p e c i f i c  r e s o u r c e s .  

Desp i t e  t h e  i n t u i t i v e  l o g i c  o f  s imply  multiplying t h e  
p r o b a b i l i t i e s  i n  f i g u r e  2 by t h o s e  i n  t a b l e  2 ,  t h e  c o r r e c t  
computat ion of t h e  o v e r a l l  o r  " t o t a l "  p r o b a b i l i t y  i s  i n  f a c t  
somewhat more complicated.  Th i s  r e s u l t s  from the  f a c t  t h a t  
t h e  p r o b a b i l i t i e s  p r e s e n t e d  I n  t a b l e  2 a r e  a c t u a l l y  
c o n d i t i o n a l  probabilities and r e f e r  t o  t h e  p r o b a b i l i t i e s  of 
impacts  on r e sou rces  "condi t ioned"  on t h e  chance of  s p l l l s  
o c c u r r i n g  i n  t h e  f i r s t  p l a c e .  The o v e r a l l  p r o b a b i l i t y  t h a t  
o i l s p i l l s  w i l l  impact a  p a r t i c u l a r  r e sou rce  e x a c t l y  k t imes  
dur ing  t h e  p roduc t ion  l i f e  o f  t h e  a r e a ,  P ( k ) ,  i s  g iven by 

where ~ ( k \ n )  i s  t h e  p r o b a b i l i t y  o f  k impacts  on t h e  r e sou rce  
given t h e  occurrence of  n  s p i l l s ,  and P(n)  i s  t h e  
p r o b a b i l i t y  o f  n s p i l l s  o c c u r r i n g .  The conditional 
p r o b a b i l i t y  P ( k l n )  can be assumed t o  be d i s t r i b u t e d  
b inomia l ly  and i s  given by 

where p i s  t h e  p r o b a b i l i t y  o f  impact  on t h e  resource  g iven  
t h e  occu r r ence  o t  a  s p i l l  ( t a b l e  2 ) .  

The combined p r o b a b i l i t y  d i s t r i b u t i o n  c a l c u l a t e d  i n  t h e  
above manner f o r  s p l l l s  coming a sho re  i s  p re sen t ed  i n  f i g u r e  
1 U .  The d i s t r i b u t i o n  i s  based on s p i l l  f requency e s t i m a t e s  
from f i g u r e  2 and t h e r e f o r e  r e f e r s  t o  impacts from a l l  
s p i l l s  originating as  1 ,000 b b l s  o r  g r e a t e r  du r ing  t h e  
p r o d u c t i o n  l i f e  of  t h e  t o t a l  l e a s e  a r e a  and assumes p i p e l i n e  
t r a n s p o r t  t o  sho re  v i a  r o u t e s  A and B. F igure  10 i n d i c a t e s  
t h a t  t h e r e  i s  a  3 pe rcen t  p r o b a b i l i t y  t h a t  no o i l s p i l l s  
g r e a t e r  t h a n  1,000 bb l s  w l l l  occur  and come ashore  i n  t h e  
cou r se  o f  o i l  p roduc t ion  i n  t h e  proposed l e a s e  a r e a .  One 
can immediately conclude,  t h e r e f o r e ,  t he  chances a r e  9 7  
p e r c e n t  t h a t  a t  l e a s t  one such s p i l l  would occur and come 
a sho re  d u r i n g  t h e  p roduc t ion  l i f e  o t  t h e  a r e a  (sum o f  t h e  
p r o b a b i l i t i e s  o f  1 and g r e a t e r ) ,  





P r o b a b i l i t y  d i s t r i b u t i o n s  s i m i l a r  t o  f i g u r e  1 0  can be 
deve loped  and  l i k e w i s e  i n t e r p r e t e d  f o r  e a c h  o t  t h e  2 5  
c a t e g o r i e s  o f  b i o l o g i c a l  r e s o u r c e s ,  r e c r e a t i o n  a r e a s ,  and 
o t h e r  o b j e c t s .  P r o b a b i l i t i e s  o f  a t  l e a s t  one s p i l l  g r e a t e r  
t h a n  1 , 0 0 0  b b l s  o c c u r r i n g  d u r i n g  t h e  p r o d u c t i o n  l i f e  o t  t h e  
a r e a  and i m p a c t i n g  t h e  v a r i o u s  r e s o u r c e  g roups  a r e  g i v e n  i n  
t a b l e  4 .  The d a t a  r e f e r  t o  t h e  t o t a l  o f  p r o d u c t i o n  and 
t r a n s p o r t  s p i l l s  and have been  c a l c u l a t e d  s e p a r a t e l y  f o r  t ~ o  
a l t e r n a t e  methods o f  t r a n s p o r t  o f  t h e  o i l  from t h e  l e a s e  
a r e a ,  p i p e l i n e  and t a n k e r .  T h e  a s s u m p t i o n  i s  made t h a t  h a l f  
o f  a l l  t r a n s p o r t  r e l a t e d  s p i l l s  o c c u r  I n  t h e  v i c i n i t y  o f  
p r o d u c t i o n  p l a t f o r m s  and h a l f  o c c u r  a l o n g  t r a n s p o r t  r o u t e s  
t o  s h o r e  ( s i t e s  A and B ;  s e e  a b o v e ) .  

I t  i s  emphas ized  t h a t  p r o b a b i l i t y  e s t i m a t e s  r e f e r  o n l y  
t o  t h e  c h a n c e s  t h a t  o i l  i n  some form o r  a n o t h e r ,  from a  
s p i l l  o r i g i n a t i n g  l a r g e r  t h a n  1 , 0 0 0  b b l s ,  w i l l  come i n  
c o n t a c t  w i t h  some p o r t i o n  o f  a r e s o u r c e  t h o u g h t  t o  be 
p o t e n t i a l l y  v u l n e r a b l e .  The m i t i g a t i n g  e f f e c t s  o f  
w e a t h e r i n g  p r o c e s s e s  and c l e a n - u p  e t f o r t s  a r e  o n l y  
i n d i r e c t l y  r e f l e c t e d  i n  t h e  p r o b a b i l i t i e s  i n  t a b l e  4 by 
v i r t u e  o f  t h e  f a c t  t h a t  e s t i m a t e s  a p p l y  on ly  t o  l a r g e  
s p i l l s .  F i g u r e  9 p r o v i d e s  a  rough  d e s c r i p t i o n  o t  t h e  l i k e l y  
e f f e c t s  o t  evaporation and d i s p e r s i o n  on s p i l l s  o f  v a r i o u s  
s i z e s  a s  a  f u n c t i o n  o f  time. To t h i s  must be added t h e  
l i k e l i h o o d  o f  a t  l e a s t  some, a n d  p e r h a p s  c o n s i d e r a b l e ,  
s u c c e s s  i n  c o n t a i n i n g  o i l  i n  t h e  c o u r s e  o f  t h e  days  o r  weeks 
s e p a r a t i n g  t h e  o c c u r r e n c e  o f  a  s p i l l  on t h e  O C S  and i t s  
a r r i v a l  on s h o r e .  

I t  i s  i m p o r t a n t  t h a t  t h e  d i s t i n c t i o n  between t h e  p r o b a -  
b i l i t i e s  g i v e n  i n  t a b l e  2 and t h o s e  i n  t a b l e  4 be v e r y  
c l e a r .  The d a t a  g i v e n  i n  t a b l e  2 r e f e r  o n l y  t o  t h e  
l i k e l i h o o d  t h a t  s p l l l s  would i o l l o w  c e r t a i n  t r a j e c t o r i e s  and 
have  n o t h i n g  t o  do w i t h  t h e  c h a n c e s  t h a t  s p i l l s  would o c c u r  
i n  t h e  f i r s t  p l a c e .  The p r o b a b i l i t i e s  i n  t a b l e  4 ,  by 
c o n t r a s t ,  r e f l e c t  b o t h  t h e  e x p e c t e d  f r e q u e n c y  o f  s p i l l  
o c c u r r e n c e  a s  w e l l  a s  t h e  likelihood of  c e r t a i n  
t r a j  e c t o r l e s .  

While  t h e  p r o b a b i l i t i e s  i n  t a b l e  4 c o v e r  a  wide r a n g e ,  
a  l a r g e  number of  r e s o u r c e s  show a l a r m i n g l y  h i g h  chances  o f  
impac t  f r o m  a  major  o i l s p i l l  sometime d u r i n g  t h e  2 5 - y e a r  
p r o d u c i n g  l i f e  o f  t h e  l e a s e  a r e a .  For  a m a j o r i t y  o f  t h e  
r e s o u r c e  categories (18 o u t  o f  2 4 )  t h e  odds a r e  e s t i m a t e d  t o  
be  g r e a t e r  t h a n  50-50 f o r  a t  l e a s t  one such  i n c i d e n t ,  and 
f o r  9 c a t e g o r i e s  t h e  r i s k  i s  g r e a t e r  t h a n  90  p e r c e n t .  
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Amon& 
t h e  r e s o u r c e s  showing h i g h  impact  p r o b a b i l i t i e s  

a r e  a  num e r  o f  a r e a s  i m p o r t a n t  t o  commercial  s h e l l f i s h i n g  
i n c l u d i n g  spawning,  r e a r i n g  and h a r v e s t i n g  grounds  f o r  
s h r i m p ,  dungeness c r a b ,  t a n n e r  c r a b ,  and k i n g  c r a b .  Accord-  
i n g  t o  t a b l e  4 ,  many s h e l l f i s h  a r e a s  would be e x p e c t e d  t o  be  
involve(4- i n  anyw!?ere f r o n  t v o  t o  f i v e  s e p a r a t e  n a j  o r  s p i l l  
i n c i d e n t s  o v e r  tile f i e l d .  l i f e .  P a s t  e x p e r i e n c e  w i t ! ?  
o i l s p i l l s  i n  shellfish a r e a s  ];as r an2ed  from r e p o r t e d l y  
s e v e r e  and l a s t i n n  e f f e c t s  i n  t h e  c a s e  o f  t h e  t:est Falmouth 
s y i l l ,  \\[!:en. t o x i c  c o n p o n e ~ l t s  o f  t k e  o i l  were q u i c k l y  churnec! 
i n t o  n e a r - s h o r e  sec':imcnts (Bluc!er, l W O ) ,  t c  much more 
modest  e f f e c t s  f o l l o w i n y  t h e  "Torrey  Canyon" s n i l l  when more 
t i n e  was a v a i l a b l e  f o r  w e a t h e r i n g  b e f o r e  impact  (Smi th ,  
1 9 6 8 ) .  These d i f f e r e n c e s  i n  e f f e c t s  o c c u r r e d  d e s p i t e  t h e  
f a c t  t h a t  t h e  Tor rey  Canyon s p i l l e d  more t h a n  150 t i m e s  t h e  
volume l o s t  i n  t h e  Itrest 'Falmouth s p i l l .  

I t  i s  a p p a r e n t  t h a t  o rgan i sms  such  a s  s h e l l f i s h  and 
f i n f i s h  c a n  be d i s t i n g u i s h e d  from o t h e r  b i o l o g i c a l  r e s o u r c e s  
on t h e  b a s i s  t h a t  t h e i r  s e n s i t i v i t y  t o  s p i l l e d  c r u d e  i s  
dependen t  on c o n t a c t  w i t h  s o l u a b l e  t o x i c  components o f  t h e  
o i l ,  fractions which t e n d  t o  e v a p o r a t e  r e l a t i v e l y  r a p i d l y  
from a  s p r e a d i n g  s l i c k .  Thus,  i t  i s  i m p o r t a n t  t o  c o n s i d e r  
e s t i m a t e s  o f  t ime  t o  impac t  f o r  s p l l l  t r a j e c t o r i e s  h i t t i n g  
t h e s e  r e s o u r c e s  when i n t e r p r e t i n g  p r o b a b i l i t y  e s t i m a t e s  i n  
t a b l e  4 .  I n  o r d e r  t o  r e f i n e  e s t i m a t e s  05  impact  p r o b a b i l i t y  
t o  a c c o u n t  f o r  w e a t h e r i n g  o f  t o x i c  components o f  t h e  o i l ,  
t r a j e c t o r y  model runs '  were r e p e a t e d  t o  d e t e r m i n e  p r o b a b i l i t y  
of impact  w l t h i n  3 days  o f  s p i l l  o c c u r r e n c e .  Three  days  i s  
r e p o r t e d  t o  be t i m e  s u f f i c i e n t  f o r  e v a p o r a t i o n  and 
dissolution o f  most o f  t h e  t o x i c  a r o m a t i c  t r a c t i o n s  of  c r u d e  
o i l ,  w i t h  l e s s  t ime  r e q u l r e d  under  h i g h  wind c o n d i t i o n s  
( O f f s h o r e  O i l  Task Group, 1 9 7 3 ) .  

Cunmula t lve  p r o b a b l l i t i e s  ( o v e r  t h e  f i e l d  l i f e )  o f  a t  
l e a s t  one impact  on f i s h  and s h e l l f i s h  r e s o u r c e s  w i t h i n  3 
days  o f  s p i l l  o c c u r r e n c e  a r e  g i v e n  i n  t a b l e  5 .  Al though 
impac t  p r o b a b i l i t i e s  i n  most categories a r e  much lower  t h a n  
t h o s e  i n  t a b l e  4 ,  r i s k  l e v e l s  f o r  c e r t a i n  r e s o u r c e s  s u c h  a s  
t a n n e r  c r a b  and k i n g  c r a b  p o p u l a t i o n s  a r e  shown t o  be  v e r y  
h1gh. 

R e Z a t i ~ e  R i s k s  of Leas ing  i n  D i f f e r e n t  Parts o f  the Lease 
Area 

One o b j e c t i v e  o f  t h e  p r e s e n t  s t u d y  i s  t o  e l u c i d a t e  t h e  
r e l a t i v e  r i s k s  o f  p e t r o l e u m  development  i n  d i f f e r e n t  r e g i o n s  



Table 5.--Probabi l i t ies  (percent )  of one o r  more s p i l l s  g r e a t e r  than  1,000 b b l s  occurr ing  and 
impacting b i o l o g i c a l  resources  i n  t h e  Western Gulf of Alaska (Kodiak) a r e a  w i t h i n  
3 days of s p i l l  occurrence. P robab i l i t y  e s t ima te s  a r e  cumulative ove r  t h e  product ion 
l i f e  of t h e  l e a s e  a r e a .  

Based on Based on 
i 

Resource Category p i p e l i n e  t r a n s p o r t  t anke r  t r a n s p o r t  1 
t o  shore t o  shore  I t 

E 

Salmon purse  s e in ing  and s e t  n e t  a r e a s  17 2 2 

Pink and chum salmon i n t e r t i d a l  spawning a reas  2 2 

Dungeness c r ab  spawning, r e a r i n g  and ca t ch  a reas  27 3 5 

Tanner c r a b  f i s h i n g  a reas  96 9 8 

N Tanner c r a b  mating and hatching a r e a s  
a 

Tanner c r a b  v i t a l  r e a r i n g  a r e a s  

Tanner c r a b  important r ea r ing  a r e a s  98 9 9 

King c r a b  mating and hatching a r e a s  58 6 7 

King c r a b  v i t a l  r ea r ing  a r e a s  80 8 5 

King c r a b  important r e a r i n g  a r e a s  

Shrimp f i s h i n g  a r e a s  

Shrimp reproduct ion and hatching a r e a s  

Kelp beds 



o f  t h e  p r o p o s e d  l e a s e  a r e a ,  i n f o r m a t i o n  which i s  n e c e s s a r y  
i n  s e l e c t i n g  t h e  t r a c t s  t o b e  o f f e r e d  f o r  s a l e .  One 
c o n s i d e r a t i o n  o f  i m p o r t a n c e  i n  comparing t h e  o i l s p i l l  r i s k  
a s s o c i a t e d  w i t h  d i f f e r e n t  p o t e n t i a l  p r o d u c t i o n  a r e a s  i s  t h e  
v a l u e  o r  we igh t  t o , b e  a s s l g n e d  t o  e a c h  o f  t h e  b i o l o g i c a l  and 
recreational r e s o u r c e s ,  s i n c e  a  g i v e n  t r a c t  w i l l  pose  
p r o p o r t i o n a l l y  g r e a t e r  r i s k  t o  some r e s o u r c e s  t h a n  o t h e r s ,  
depend ing  on l o c a t i o n .  F o r  p u r p o s e s  o f  t h i s  a n a l y s i s  means 
of t h e  impac t  p r o b a b i l i t y  distributions f o r  t h e  25 r e s o u r c e  
g roups  w i l l  be ave raged  t o  g i v e  an  o v e r a l l  i n d e x  o f  r l s k  f o r  
e a c h  o f  t h e  s u b d i v i s i o n s  o f  t h e  l e a s e  a r e a ,  b u t  ~t s h o u l d  b e  
n o t e d  t h a t  t h i s  a v e r a g i n g  i m p l l e s  an  e q u a l  w e i g h t i n g  o f  t h e  
r e s o u r c e s .  

I t  1s e x t r e m e l y  i m p o r t a n t  i n  comparing r i s k  v a l u e s  f o r  
t h e  d i f f e r e n t  s u b d i v i s i o n s  o f  t h e  l e a s e  a r e a  t o  d i s t i n g u i s h  
between two f u n d a m e n t a l l y  d i f f e r e n t  ways o f  e x p r e s s i n g  
r e l a t i v e  r i s k s .  One can  compare s u b d i v i s i o n s  o f  t h e  l e a s e  
a r e a  on t h e  b a s i s  of  impact  p r o b a b i l i t y  g i v e n  t h e  o c c u r r e n c e  
o f  a  s p i l l  u s i n g  t h e  d a t a  i n  t a b l e  2 .  T h i s  i s  e q u i v a l e n t ,  
i n  f a c t ,  t o  making t h e  compar i son  on t h e  b a s i s  o f  r i s k  p e r  
u n i t  o i l  r e c o v e r y ,  s i n c e  t h e  d a t a  i n  t a b l e  2 a r e  c o n d i t i o n e d  
on t h e  o c c u r r e n c e  o f  one s p i l l  and  s p i l l  f r e q u e n c y  i s  t a k e n  
t o  b e  a  d i r e c t  f u n c t i o n  o f  o i l  p r o d u c t i o n .  A l t e r n a t i v e l y ,  
one  c a n  make t h e  compar ison  on t h e  b a s i s  o f  t o t a l  r i s k  by 
u s i n g  d a t a  computed a s  i n  t a b l e  4 which combine s p i l l  
f r e q u e n c y  e s t i m a t e s  w i t h  t h e  p r o b a b i l i t i e s  o f  o b s e r v i n g  
c e r t a i n  t r a j e c t o r i e s .  

I n  t a b l e  6 t h e  10 s u b d i v i s i o n s  o f  t h e  l e a s e  a r e a  a r e  
r a n k e d  on t h e  b a s i s  of  r i s k  t o  t h e  25 r e s o u r c e  categories 
( e q u a l l y  w e i g h t e d )  u s i n g  b o t h  methods o f  expressing r e l a t i v e  
r i s k .  The q u e s t i o n  o f  which i s  t h e  most  a p p r o p r i a t e  method 
o f  r a n k i n g  t h e  s u b d i v i s i o n s  o f  t h e  l e a s e  a r e a  w l t h  r e s p e c t  
t o  o i l s p i l l  r i s k  might  be  answered  d i f f e r e n t l y  depend ing  on 
o n e ' s  p e r s p e c t i v e .  I f  one i s  i n t e r e s t e d  i n  t h e  q u e s t i o n  o f  
t r a d e o f f s  between t h e  b e n e f i t s  o f  p r o d u c i n g  o i l  and t h e  
c o s t s  o f  p o s s i b l e  s p i l l  i m p a c t s ,  t h e n  r i s k  p e r  u n l t  o i l  i s  
c l e a r l y  o f  most i n t e r e s t .  If one  s t a n d s  t o  l o s e  a  g r e a t  
d e a l  p e r s o n a l l y  i n  t h e  e v e n t  o f  a  s p l l l ,  a  l o s s  t h a t  i s  f a r  
o u t  o f  p r o p o r t i o n  t o  o n e ' s  e x p e c t e d  g a i n s  from o i l  
p r o d u c t i o n ,  t h e n  a b s o l u t e  r i s k  i s  of most i n t e r e s t .  



T a b l e  6.--Rank o r d e r i n g  o f  1 0  s u b d i v i s i o n s  o f  t h e  Kodiak  
l e a s e  a r e a  on  t h e  b a s i s  o f  o i l s p i l l  r i s k  t o  
b i o l o g i c a l  r e s o u r c e s  a n d  r e c r e a t i o n  a r e a s .  
Numbered s u b d i v i s i o n s  a r e  shown i n  t h e  map i n  
f i g u r e  1 a n d  a r e  l i s t e d  h e r e  i n  o r d e r  o f  
d e c r e a s i n g  r i s k .  

R a n k i n g  o n  t h e  
b a s i s  o f  r i s k  
p e r  u n i t  o i l  
p r o d u c t i o n  

R a n k i n g  on t h e  
b a s i s  o f  t o t a l  
r f s k  o v e r  t h e  
e s t i m a t e d  
p r o d u c t i o n  l i f e  
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The l o c a t i o n s  of b i o l o g i c a l  r e s o u r c e s  i n  t h e  v i c i n i t y  of t h e  

Western Gulf of  Alaska Outer  C o n t i n e n t a l  S h e l f  Lease Area 



SALMON PURSE S E I N I N G  AND SET NET AREAS 

Figure A-1.--Hatched area indicates spatial extent of salmon purse 
seining and set net areas. 



I P I N K  AND CHUV SALMON I N T E R T I D A L  S P R W N I N G  RREAS 
I 

Figure A-2.--Hatched a r e a  ind ica tes  s p a t i a l  ex ten t  of pink and chum 
salmon i n t e r t i d a l  spawning a reas .  



DUNGENESS CRAB SPAWNING, REARING AND CATCH ARERS 

Figure A-3.--Hatched area ind ica tes  s p a t i a l  e x t e n t  of dungeness c rab  
spawning, r ea r ing  and ca tch  a reas .  



TANNER CRAB F I S H I N G  AREAS 

Figure A-4.--Hatched a r e a  ind ica tes  s p a t i a l  ex ten t  of tanner crab 
f i s h i n g  areas .  



TQNNER CRAB M A T I N G  AND HATCHING AREAS 

Figure A- 5.--Hatched area indicates spatial extent of tanner crab 
mating and hatching areas. 



Figure A- 6.--Hatched area indicates spa t ia l  extent of tanner crab 
v i t a l  rearing areas. 



T A N N E R  C R R B  I H P O R T R N T  R E R R I N G  R R E R S  

Figure A-7 .--Hatched area indicates spa t i a l  extent of tanner crab 
important rearing areas. 



I 
K I N G  CRAB M A T I N G  AND Hf lTCHING FIRERS 

Figure A- 8.--Hatched a rea  ind ica tes  s p a t i a l  ex ten t  of king crab 
mating and hatching areas .  



Figure A- 9.--Hatched area  ind ica tes  s p a t i a l  ex ten t  of king crab  
v i t a l  rear ing  areas .  



1 K I N G  CRRB I M P O R T A N T  R E A R I N G  RREAS 

Figure A-10.--~atched area indicates s p a t i a l  extent of king crab 
important rearing areas. 



SHRIMP FISHING ARERS 

Figure A-11--Hatched area i nd ica tes  s p a t i a l  e x t e n t  of shrimp f i s h i n g  a reas .  



SHRIMP REPRODUCTION AND HRTCHING R R E R S  

Figure A-12.--Hatched a r e a  ind ica tes  s p a t i a l  ex ten t  of shrimp reproduction 
and hatching areas .  
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SEABIRD COLONIES 

Figure A-l3.--~atched area indicates spatial extent of seabird colonies. 



I B I RD DISTRIBUTION-SUMMER (JUNEDJULY*RUGUSTl  

Figure A-14.--Hatched area indicates spatial extent of bird distribution - 
summer (June, July, August) . 



BIRD DISTRIBUTION-FALL (SEPTEMBER,OCTOBER,NOVEMBERI 

Figure A-15.--~atched area indicates spatial extent of bird distribution - 
fall (September, October, November). 



B I R D  DISTRIBUTION-WINTER (DECEf lBER,JANUARY,FEBRUARYl 

~ Figure A-16.--Hatched a r e a  ind ica tes  s p a t i a l  e x t e n t  of b i r d  d i s t r i b u t i o n  - 
winter  (December, January, February 1 . 



BIRD DISTRIBUTION-SPRING (MARCHmAPRIL,MAY) 

Eigure A-17.--~atched area indicates spatial extent of bird distribution - 
spring (March, April, May) . 



M A R I N E  MAMMAL F O R A G I N G  AREAS 

Figure A-18.--Hatched area indicates spa t i a l  extent of marine mammal 
foraging areas. 



SEA LION ROOKERIES AN0 HAULING GROUNDS 

Figure A-lg.--~atched a rea  ind ica tes  s p a t i a l  ex ten t  of sea lion 
rooker ies  and hauling grounds. 
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I HARBOR SEAL ROOKERIES FlND HAULING GROUNDS 

Figure A-20--Hatched a r e a  i n d i c a t e s  s p a t i a l  ex ten t  of harbor s e a l  
rooker ies  and hauling grounds. 



SER O T T E R  C O N C E N T R A T I O N  A R E A S  

Figure ~-2l--~atched area indicates spatial extent of sea otter 
concentration areas. 
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I O N S H O R E  KELP 100% C O V E R  

Figure A-22--~atched area  indicates  s p a t i a l  extent of onshore kelp 
100 percent cover. 



FOREIGN F I S H I N G  AREAS 

Figure ~-23--~atched  area indicates spa t i a l  extent of foreign fishing 
areas. 
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f lRCHEOLOGICAL SITES 

Figure A-24.-- Hatched area indicates spa t ia l  extent of archaeological 
s i t e s .  
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