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Introduct  ion 

The Federal Government has proposed t o  o f f e r  Outer Continental  Shelf 
(OCS) l a n d s  o f f  t h e  Gulf of Alaska  and Cook I n l e t  c o a s t s  f o r  o i l  and 
g a s  l e a s i n g .  T h i s  r e p o r t  examines  what could  happen i f  l e a s e s  a r e  
i s s u e d  and o i l  i a  found,  and a t t e m p t s  t o  compare r e l a t i v e  r i s k s  of 
f u t u r e  leas ing  wi th  r i s k s  of e x i s t i n g  l ea ses  and e x i s t i n g  t r anspor t a t ion  
of o i l  i n  t h e  s t u d y  a rea .  

O i l s p i l l s  a r e  a  ma jo r  conce rn  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  
p roduc t ion .  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  
eva lua te  the s ign i f i cance  of poss ib le  acc iden ta l  o i l a p i l l s  i s  t h a t  the  
problem is  fundamentally p r o b a b i l i s t i c .  U n c e r t a i n t y  e x i s t s  abou t  t h e  
amount of o i l  t h a t  w i l l  be produced from the  l ea ses  and the number and 
s i z e  of s p i l l s  t h a t  might occur during the  l i f e  of production, a8 we l l  
a s  t h e  wind and c u r r e n t  c o n d i t i o n s  t h a t  would e x i s t  a t  t h e  t i m e  of a  
s p i l l  o c c u r r e n c e  g i v i n g  movement and d i r e c t i o n  t o  t h e  o i l  s l i c k .  
Although some of the  uncer ta in ty  r e f l e c t s  incomplete and imperfect  da ta ,  
considerable  uncer ta in ty  is  simply inherent  i n  the problem of descr ib ing  
f u t u r e  e v e n t s  ove r  which comple t e  c o n t r o l  cannot  be  e x e r c i s e d .  It 
cannot be predicted wi th  c e r t a i n t y  t h a t  a  p r o b a b i l i s t i c  event such a s  an 
o i l e p i l l  w i l l  occur,  but  the  l ike l ihood of occurrence can be quan t i f i ed ,  
and the  range of poss ib le  e f f e c t s  t h a t  may accompany a  dec is ion  r e l a t e d  
t o  o i l  and gas p r o d u c t i o n  cons ide red .  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,  one must  a s s o c i a t e  each  p o t e n t i a l  e f f e c t  
wi th  a q u a n t i t a t i v e  e s t ima te  of i t s  p robab i l i t y  of occurrence. 

T h i s  r e p o r t  summar izes  r e s u l t s  of an  o i l s p i l l  r i s k  a n a l y s i s  
conducted  f o r  t h e  proposed Gulf of Alaska/Cook I n l e t  Lease O f f e r i n g  
(October  1984). The s t u d y  had t h e  o b j e c t i v e  of d e t e r m i n i n g  r e l a t i v e  
r i s k s  assoc ia ted  wi th  o i l  and gas production i n  d i f f e r e n t  regions of the 
proposed l ea se  area. The study was undertaken f o r  considerat ion i n  t he  
d r a f t  Environmental Impact Statement (EIS), which is prepared for t he  
a rea  by the  Minerals Management Service (MMS), and t o  aid i n  the  f i n a l  
s e l e c t i o n  of t r a c t s  t o  be  o f f e r e d  f o r  s a l e .  A d e s c r i p t i o n  of t h e  
o i l s p i l l  t r a j e c t o r y  ana lys i s  model used i n  t h i s  ana lys is  can be found i n  
p r e v i o u s  p a p e r s  (Lanfea r  and o t h e r s ,  1979; Smi th  and o t h e r s  ,1982;  
Lanfear and Samuels. 1981). The ana lys i s  was conducted i n  t h ree  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  problem. 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  of o i l s p i l l  o c c u r r e n c e  and t h e  second 
w i t h  t h e  t r a j e c t o r i e s  of o i l s p i l l e  f rom p o t e n t i a l  l aunch  p o i n t s  t o  
var ious  ta rge ts .  Reaulte of these  f i r s t  two p a r t s  of the  ana lys i s  were 
then combined t o  g ive  e s t ima te s  of the o v e r a l l  o i l s p i l l  r i s k  assoc ia ted  
wi th  o i l  and gas production i n  the  l ea se  area. 



Summarv of the Proposed Action 

The proposed action is to offer Outer Continental Shelf lands off 
Gulf of Alaska and Cook Inlet coasts for oil and gas leasing. The study 
area for this analysis extende from latitude 52" N. to 61' N., and from 
longitude 132" W. to 157' W, (figure 1). The study area also includes 
existing Federal leases in the Gulf of Alaska and Cook Inlet-Shelikof 
Strait. 

For purposes of this analysis, the leasing area was divided into the 
proposed leasing areas (PI-P38) shown numbered in figures 2 and 2a. The 
existing Federal lease tract groups in the study area are shown in 
figure 3; El-E3 are from OCS sale No. 55, while T1 represents tracts 
from OCS sale No. 60. 

If oil is discovered and the area is developed for production, there 
are a number of ways in which oil may be transported to shore. Proposed 
and existing transportation routes are shown in figures 4 and 4s. In 
the most likely transportation scheme, any oil found in upper Cook Inlet 
would be transported via pipeline to the Nikiski terminal for refining. 
Oil found in the Barren Islands area and in Shelikof Strait would be 
pipelined to a terminal on the west side of Afognak Island. From there 
it would then be tankered out of the study area to ref ineries in the 
south. Oil found in the Gulf of Alaska would be tankered directly from 
platforms to refineries in the south, with the additional assumption 
that oil found in area P4 (see figure 2) would first be pipelined ashore 
at Cape Suckling. Also, oil found in area P7 (figure 2)  would first: be 
pipelined ashore at Yakutat, then tankered to the south. 

For existing leaaee, oil found in Shelikof Strait follows the same 
route as in the proposal above, while any oil from existing leases in 
the Gulf of Alaska itl assumed to be pipelined ashore to a facility in 
Yakutat and then tankered south. 

Existing transportation in the etudy area includes tankering of 
crude oil from Valdez out of the area to the south and to Cook Inlet 
refineries, as well as tankering of refined products out of Cook Inlet 
to the south. 

This analysis also considers an alternative in which all lease areas 
in Shelikof Strait are deleted from the proposal. 

Environmental Resources 

The locations of 31 categories of environmental resources (or 
targets, as they are designated in this paper) were digitized in the 
same coordinate system, or base map, as that used in trajectory 
simulations. Targets (shown in figure 5 )  were selected by HMS analysts 
in the Alaska OCS Region Off ice, who prepare the EIS. The biological 
concentration areas represent such resources as sea lions, birds, seals, 
fish, whales, and sea otters. All targets are considered to be 
vulnerable year-round in this analyeis. 



Becauae the trajectory model simulates an oilspill ae a point, most 
targets have been given a slightly greater areal extent than they 
actually occupy. For example, some shoreline targets extend a ehort 
distance offshore; this allows the model to simulate a spill that 
approachee land, makes contact with the target, withdraws, and continues 
on its way. 

To provide a more detailed analyais for land or land-based targets, 
the model includes a feature that allows subdividing the coastline into 
land segments. Figure 6 shows the coastline divided into 140 segments 
of approximately equal lengths. 

Estimated Quantity of Oil Resources 

Benefits and risks (as well as many environmental impacte) are 
functions of the volume of oil and are not independent of each other. 
Greater risks are associated with greater volumes of oil and greater 
economic benefits. If benefits are evaluated by assuming production of 
a specific amount of oil, then the corresponding risks should be stated 
in a conditional form such as, "the risks are ..., given that the 
volume is ...I1. If benefits are evaluated for a number of discrete 
volumes, then riske should likewise be calculated for the same volumes. 
Any statements about the likelihood of the presence of a particular 
volume of oil apply equally well to the likelihood of the corresponding 
benefits and risks. 

The estimated oil resources used for oilspill risk calculations in 
this report correspond to those used by MMS in preparing the draft E I S  
for the lease offering. If oil is present in the proposal area, a 
conditional mean resource of 650 million barrels is estimated (Rioux, 
1983). This volume is an estimate of the total undiscovered recoverable 
oil, given that hydrocarbons are indeed present and excluding State 
waters, previously leased tracts, and other areas excluded from the 
proposal. The conditional mean resource estimate for existing Federal 
leases i a  205 million barrels (McMullin, 1983). We cannot overemphasize 
that both these estimates are based on the aesumption that oil is 
present. If it is not present then, obviously, no oilspill risks exist 
from the proposed lease offering. The remainder of this analysis is 
designed to answer the question. "What are the risks if oil is found?" 

In addition to the crude oil estimated to be produced over the 25-  
year expected life of the proposed leases, MMS estimates that 10.5 
billion barrels of crude oil will be transported through the region by 
tankers from Valdez, and 70 million barrels of refined products will be 
tankered out of Cook Inlet to the south 



P r o b a b i l i t v  of O i l s ~ i l l e  Occurring 

The p robab i l i t y  of o i l s p i l l s  occurr ing (given t h a t  o i l  i s  presen t )  
i s  based on the  assumption t h a t  s p i l l e . o c c u r  independently of each o the r  
a s  a Po ie son  p r o c e s s  and w i t h  a  r a t e  d e r i v e d  f rom p a s t  OCS e x p e r i e n c e  
and dependent  upon t h e  volume of o i l  produced and t r a n s p o r t e d .  A l l  
types  of acc iden ta l  s p i l l s  of 1,000 b a r r e l s  o r  l a r g e r  were considered i n  
t h i s  a n a l y s i s ,  i n c l u d i n g  n o t  o n l y  w e l l  b l o w o u t s ,  b u t  a l s o  o t h e r  
acc idents  on platforme,  and acc idents  during the  t r anspo r t a t i on  of o i l  
t o  shore,  and, i n  some cases ,  t h e  f u r t h e r  t r anspo r t a t i on  of o i l  from an 
i n t e r m e d i a t e  t e r m i n u s  t o  r e f i n e r i e s .  These t y p e s  of  a c c i d e n t s  were  
c l a a a i f i e d  a s  e i t h e r  platform.  p ipe l ine ,  o r  tanker  s p i l l s .  By including 
a l l  of t h e s e  r i s k s ,  t h e  r i r k s  of t h e  p r o p o s a l  can be  compared t o  t h o s e  
of t h e  o ther  a l t e r n a t i v e s .  

L a n f e a r  and Amstu tz  (1983) examined o i l s p i l l  o c c u r r e n c e  r a t e s  
app l i cab l e  t o  t h e  U.S. OCS. Basing t h e i r  r e s u l t s  upon new, more r ecen t ,  
and mote  c o m p l e t e  d a t a  b a s e s  than  were a v a i l a b l e  f o r  e a r l i e r  OSTA 
models ,  t h e y  recommended updated  s p i l l  r a t e s  f o r  p i p e l i n e  e p i l l s  and 
some s i g n i f i c a n t  changes i n  t h e  e p i l l  r a t e s  f o r  p la t forms  and tankers.  
This ana lys i s  uses  t he  new s p i l l  r a t e s  f o r  a l l  accident  categories .  

S p i l l  r a t e s  f o r  OCS p l a t f o r m s  a r e  based  on t h e  r e c o r d  f o r  t h e  U.S. 
OCS (Gulf of Mexico, and Cal i forn ia )  from 1964 through 1980, i n  which 5 
s p i l l s  of 10.000 b a r r e l s  o r  l a r g e r  a r e  n o t e d ,  a l o n g  w i t h  7 s p i l l e  of 
1 , 0 0 0  t o  1 0 , 0 0 0  b a r r e l s  i n  s i z e .  N a k a s s i s  ( 1 9 8 2 )  c o n d u c t e d  a  
s t a t i s t i c a l  a n a l y e i e  of  t h e  r e c o r d ,  1964-1979, and conc luded  t h a t  t h e  
p l a t f o r m  s p i l l  r a t e  d i d  n o t  r e m a i n  c o n s t a n t  s i n c e  1964,  b u t  had 
decreased s i g n i f i c a n t l y .  Using t h i s  t rend ana lys i s  and updating f o r  t he  
1980 da ta ,  the  s p i l l  r a t e  f o r  p la t form e p i l l s  of 1,000 b a r r e l s  o r  l a r g e r  
i s  1.0 s p i l l s  p e r  b i l l i o n  b a r r e l s  p roduced;  and t h e  s p i l l  r a t e  f o r  
p la t form s p i l l s  of 10,000 b a r r e l s  o r  l a r g e r  i s  0.44 s p i l l s  per b i l l i o n  
b a r r e l s  produced. The r a t e  f o r  s p i l l s  1,000 t o  10,000 b a r r e l s  i n  s i z e  
can be  d e t e r m i n e d  by m u b t r a c t i o n ,  (0.56 s p i l l s  p e r  b i l l i o n  b a r r e l s  
produced). 

A s  w i t h  p l a t f o r m  a p i l l s ,  t h e  e p i l l  r a t e  f o r  p i p e l i n e s  i s  based  on 
t h e  r e c o r d  f o r  t h e  U.S. OCS f rom 1964 th rough  1980. Two s p i l l s  o f  
10.000 b a r r e l s  o r  l a r g e r  a r e  i n  t h e  d a t a  b a s e ,  a l o n g  w i t h  6 s p i l l s  of 
1,000 t o  10,000 b a r r e l s  i n  s ize .  No t rend i n  t he  p ipe l ine  s p i l l  r a t e  i s  
evident.  The s p i l l  r a t e  f o r  p ipe l ine  s p i l l s  of 1,000 b a r r e l s  o r  l a r g e r  
i s  1.6 s p i l l s  p e r  b i l l i o n  b a r r e l s  t r a n s p o r t e d ,  and t h e  r a t e  f o r  s p i l l s  
of 10.000 b a r r e l s  o r  l a r g e r  is 0.67 s p i l l s  p e r  b i l l i o n  b a r r e l s  
t ranspor ted .  

For tanker  s p i l l  r a t e s ,  e a r l i e r  OSTA models f o r  Alaska (LaBelle and 
o t h e r s ,  1980; L a n f e a r  and o t h e r s ,  1979) used  d a t a  f o r  y e a r s  p r i o r  t o  
1973. Using a new da ta  baee (The Futures  Group, and World Information 
Systems, 1982) covering t h e  years  1974 through 1980, Lanfear and Amstutz 
(1983) conc luded  t h a t  t h e  t a n k e r  o p i l l  r a t e  ( e x p r e s s e d  as  s p i l l s  p e r  
b i l l i o n  b a r r e l s  t ranspor ted)  s ince  1974 was only about a t h i r d  of t h a t  
found p r i o r  t o  1973. Thus, t h i s  o i l s p i l l  ana lys i s  uses a  s i g n i f i c a n t l y  
l o w e r  t a n k e r  e p i l l  r a t e  t h a n  t h e  e a r l i e r  models.  From 1974 t h r o u g h  
1980. t he  da t a  base conta ins  records of 57 tanker  s p i l l s  of crude o i l  of 



10,000 barrels or larger and another 57 spills of 1,000 to 10,000 
barrels. During this period, approximately 88 billion barrels of oil 
were transported. Therefore, the spill rate for tanker spills of 1,000 
barrels or larger ia 1.3 spills per billion barrels transported; and the 
rate for spills of 10,000 barrels or larger is 0.65 spills per billion 
barrels transpor ted. 

In summary, the spill rates, expressed as number of spills per 
billion barrels produced or traneported, used in this report are: 

>1,000 bbl ,10,000 bbl 1,000-10,000 bbl - 

Platf o m s  1 .O 0.44 0.56 

Pipelines 1.6 0.67 0.93 

Tankers 1.3 0.65 0.65 
At Sea 0.9 0.50 0.40 
IU port 0.4 0.15 0.25 

Oilspills (,1,000 bbls) are considered to be governed by a Poisson 
process (Smith, and others, 1982, Lanfear and Amstutz, 1983); thus the 
probability of a specific number of spills (p(n)) occurring is described 
by the Poisson distribution: 

where n  is the specific number of spills (0, 1, 2, ..., n), e is the 
base of the natural logarithm and A is the parameter of the Poisson 
distribution. In the case of oilspills, the Poisson parameter is equal 
to the product of the spill rate and the volume of oil to be produced or 
transported. The spill rate h a s  dimensions of number of spills per 
billion barrels and the volume is expressed in billion barrels. 
Therefore, Xdenotes the mean number of spills estimated to occur as a 
result of production or transportation of a specific volume of oil. 

Oilspill occurrence estimates for spills greater than 1,000 barrels 
and for greater than 10,000 barrels were calculated for production and 
transportation of oil over the 25-year expected production life of 
proposed leases (table 1). Similar estimates were also calculated for 
production and transportation of oil from existing leases and for 
existing transportation of oil through the area. The assumption was 
m a d e  that only one-half of the s p i l l s  from existing tanker 
transportation of oil would occur w i t h i n  the study area and that the 
other half of the spills would occur as tankers traveled beyond the 
study area. Table 1 ehows the mean number of spills estimated to occur 
in the etudy area over the expected production life of the lease area, 
along with the probabilities of one or more such spills occurring. 

In this report the "at sea" tanker spill rate (noted above) has been 
used in all computations. Thus, this oilspill risk analysis treats only 
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those tanker r e l a t e d  s p i l l s  t h a t  might occur w i th in  the  oceanic port ion 
of t h e  s t u d y  a r e a .  Tanker  s p i l l s  " in  p o r t "  i n c l u d e  a l l  of t h o s e  t h a t  
might  occu r  w i t h i n  bays ,  e s t u a r i e s ,  h a r b o r s ,  and a t  p i e r  s i t e s .  The 
es t imated  mean number of s p i l l i  and p r o b a b i l i t i e s  of one o r  more r p i l l s  
from tankers  "in port" a re :  

Source Estimated Number Probabi l i ty  of 
one or  more 

>1,000 bb l s  ,10,000 bb l s  ?1,000 b b l s  ,10,000 bble  - 
Proposal 0.06 0.02 0.06 0.02 
Shelikof Del. A l t .  0.03 0  . O 1  0 -03 0 -01 
Exis t ing  Leases 0.04 0.02 0.04 0.02 
Exis t ing  Tanbering 2.15 0.80 0.88 0.55 

O i l s p i l l  Tra iec torv  Simulations 

The t r a j e c t o r y  s imula t ion  po r t ion  of t he  model c o n s i s t s  of a l a rge  
number of hypothet ical  o i l s p i l l  t r a j e c t o r i e s  t h a t  c o l l e c t i v e l y  represent  
b o t h  t h e  g e n e r a l  t r e n d  and t h e  v a r i a b i l i t y  of  winds  and c u r r e n t s  and 
t h a t  can  be  d e s c r i b e d  i n  s t a t i s t i c a l  t e rms .  To s i m u l a t e  o i l e p i l l  
movement i n  t he  complex wind and cu r ren t  regime of t h e  study area ,  two 
t r a j e c t o r y  models  were  m a t h e m a t i c a l l y  l i nked .  The f i r s t  was a  model 
deve loped  by Dames and Moore (1976) under  t h e  MMS ( f o r m e r l y  B L H )  
Env i ronmen ta l  S t u d i e s  Program, s p e c i f i c a l l y  f o r  t h e  Cook I n l e t  a r e a .  
T h i s  model was used i n  t h e  p r e s e n t  s t u d y  t o  c a l c u l a t e  t r a j e c t o r i e s  
w i t h i n  t h e  b o u n d a r i e e  shown i n  f i g u r e  7.  Due t o  t h e  c o a s t a l  semi-  
enclosed na ture  of the  study area ,  t i d a l  forc ing  was considered t o  be a 
s i g n i f i c a n t  f a c t o r  i n  sur face  t r anspor t  behavior. The Dames and Moore 
model was employed because it had the  capab i l i t y  t o  incorporate  t i d a l  
cu r r en t s  i n  t r a j e c t o r y  calculat ions.  The model uses s p a t i a l l y  dependent 
d e t e r m i n i s t i c  wind and cur ren t  pa t t e rns  t o  provide the d r iv ing  fo rce  f o r  
t r a j e c t o r y  movement. T ida l  cu r r en t s  i n  Cook I n l e t  were represented by 
u a d i r e c t i o n a l  t i d a l  c u r r e n t  c o n e t i t u e n t a  t h a t  were  based  on harmonic  
analyses  of cu r r en t  measurements i n  combination with r e s u l t s  of a  t i d a l  
f low hydrodynamic model (Mungall and Matthews, 1973 ; Mungall, 1973). Aa 
such ,  t h e  t i d a l  c u r r e n t s  i n  t h e  model app rox ima te  "averaget '  t i d a l  
c u r r e n t  v e l o c i t i e s  t h roughou t  t h e  s t u d y  a r e a .  The n e t  s u r f a c e  
c i r c u l a t i o n  was represented by win ter  and summer ne t  cur ren t  pa t t e rns  
der ived from analyses  of cur ren t  measuremente, published l i t e r a t u r e ,  and 
a p r w i o u s  ly  developed ne t  c i r c u l a t i o n  pat  t e r n  (Dames and Moore, 197 9). 
Wind f i e l d s  i n  t h e  a r e a  were  d e f i n e d  by f i v e  s p a t i a l l y  dependent  f l o w  
p a t t e r n s  and s i x  i n t e n s i t y  f a c t o r s .  The wind f i e l d s  and i n t e n s i t y  
f a c t o r s  were co r r e l a t ed  by t h e  P a c i f i c  Marine Environmental Laboratory 
of NOAA t o  t h e  22 b a r i c  weather pa t t e rns  developed by Putnins (1966). A 
c a t a l o g  of a p p r o x i m a t e l y  19  c o n t i n u o u s  y e a r s  of d a i l y  b a r i c  w e a t h e r  
pa t t e rns  (Putnina, P., Unpublished t abu la t ion  of d a i l y  weather types f o r  
Alaaka from January 1, 1945 t o  March 31, 1963. Universi ty  of Alaska) was 
converted t o  a  corresponding wind p a t t e r n  and i n t e n s i t y  catalog. 

A t r a j e c t o r y  was i n i t i a t e d  i n  the  Dames and Moore model by randomly 
s e l e c t i n g  a  day/month/year w i th in  the  des i red  season and en ter ing  the  
wind p a t t e r n  and i n t e n s i t y  c a t a l o g  f o r  t h a t  d a t e .  The wind f i e l d  was 
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t h e n  sequenced e v e r y  24 h o u r s  a c c o r d i n g  t o  t h e  obse rved  wind c a t a l o g .  
The n e t  c u r r e n t  p a t t e r n  f o r  t h a t  s eaeon  was h e l d  c o n s t a n t  f o r  t h e  
dura t ion  of t he  t r a j e c t o r y  s imulat ion.  The t i d a l  cur ren t  p a t t e r n  was 
t ime-dependent  w i t h  t h e  i n i t i a l  t i d a l  phase  i nc remen ted  30' f o r  each  
s e q u e n t i a l  t r a j e c t o r y .  The wind-induced v e l o c i t y  vec tor  of t he  s l i c k  
c e n t r o i d  was t a k e n  t o  b e  c o l i n e a r  w i t h  t h e  w i n d  v e l o c i t y  and  
propor t iona l  t o  t h e  wind speed. The propor t i ona l i t y  cons tan t  was taken 
t o  be  3 p e r c e n t .  The c u r r e n t - i n d u c e d  v e l o c i t y  v e c t o r  of  t h e  s l i c k  
c e n t r o i d  was e q u a l  t o  t h e  eum of  t h e  u n d e r l y i n g  n e t  and t i d a l  c u r r e n t  
v e l o c i t y  vectors .  Each t r a j e c t o r y  was s imulated uaing a  30-minute t ime  
s t e p  t o  u p d a t e  w i n d  a n d  c u r r e n t  v e l o c i t y  v e c t o r s .  A c o m p l e t e  
d e s c r i p t i o n  of t h e  methodology,  i n p u t  d a t a ,  and c o n c l u s i o n s  of t h i s  
por t ion  of t he  etudy a r e  presented i n  Schleuter  and Rauw (1980). 

The second t r a j e c t o r y  model was t h e  MMS O i l s p i l l  Tra jec tory  Analysis  
(OSTA) model, which was used t o  s imula te  t he  movement of any o i l s p i l l s  
moving o u t s i d e  t h e  b o u n d a r i e s  of  t h e  Dames and Moore model and any 
s p i l l s  o r i g i n a t i n g  i n  t h e  Gulf of Alaska. The l i nk ing  of the  two models 
was e s s e n t i a l l y  t h e  same a s  ueed by L a B e l l e  and o t h e r s  (1980) f o r  an  
o i l s p i l l  r i s k  a n a l y s i s  of OCS e a l e  60, Cook In le t /She l ikof  S t r a i t .  The 
grid s y s t e m  of t b e  OSTA model  i n c l u d e d  t h e  e n t i r e  s t u d y  a r e a  of the  
Dames and Moore model ,  and e q u a t i o n s  were  d e r i v e d  t o  r e a d i l y  c o n v e r t  
o i l s p i l l  l o c a t i o n s  be tween  t h e  two c o o r d i n a t e  sys t ems .  A s  t h e  
s imulated o i l s p i l l s  were moved wi th in  e i t h e r  model, t h e  t rack ing  system 
of t h e  OSTA model  was used  t o  r e c o r d  any c o n t a c t 8  w i t h  t a r g e t s .  
O i l s p i l l  movement continued u n t i l  the  s p i l l  h i t  land, moved o f f  t he  map, 
o r  aged more than 30 days. 

For the  OSTA model, r ep re sen t a t i ons  of sur face  water  v e l o c i t y  f i e l d s  
i n  t h e  Gulf of Alaska were provided by va r ious  sources. The d i agnos t i c  
c i r c u l a t i o n  model  deve loped  by G a l t  (1980) was used  t o  c a l c u l a t e  t h e  
aeasonal sur face  c i r c u l a t i o n  i n  por t ions  of t h e  Gulf near  Kodiak Ialand 
(Galt  and Vatabayashi. 1980). I n  t h i s  model, t he  flow i s  assumed t o  be 
q u a s i - s t e a d y ,  and the dynamics  a r e  assumed t o  be  c o n t r o l l e d  by a  
c o m b i n a t i o n  of  g e o e t r o p h i c  and Ekman f l o w s  and ba thyme t ry .  The 
geostrophic  f low i s  separated i n t o  b a r o c l i n i c  and ba ro t rop i c  components. 
The b a r o c l i n i c  component i s  f o r c e d  by t h e  i n t e r n a l  mass d i e t r i bu t ion .  
The ba ro t rop i c  component r ep re sen t s  t he  l a r g e  s c a l e  e f f e c t  of wind set- 
up of the  sea surface.  These components of t he  geostrophic  f low added 
t o g e t h e r  w i t h  a s i m p l e  non -d ive rgen t  s u r f a c e  Ekman l a y e r  a r e  t h e n  
assumed t o  r e p r e s e n t  t h e  r e g i o n a l  s u r f a c e  c u r r e n t s .  I n  t h e  n o r t h e r n  
G u l f ,  r e p r e s e n t a t i o n s  of t h e  s e a e o n a l  s u r f a c e  w a t e r  v e l o c i t y  f i e l d ,  
based on an ana lys i s  of hydrographic observat ions taken i n  t he  region,  
were provided by T. Royer, Univers i ty  of Alaska. Or ig ina l ly  used i n  t he  
o i l e p i l l  r i s k  ana lye is  for OCS sale  55 (Lanfear and o the r s ,  19791, more 
recent  information f o r  t h e  a r ea  near Kayak I s land  was made a v a i l a b l e  f o r  
t he  present  o i l s p i l l  ana lys i s  (Royer, 1983). F ina l ly ,  por t  ions  of t he  
etudy a r ea  no t  covered by the  above r ep re sen t a t i ons  were modeled by use 
of s u r f a c e  c u r r e n t  c h a r t s  (U.S. Navy, 1977).  These c h a r t s  have been 
adopted from published a t l a s e s  based on da ta  compiled from sh ip  d r i f t  
reports .  From these  d r i f t  observations the  s e t s  and average speeds of 
the  p reva i l i ng  cu r r en t s  were ca l cu l a t ed  f o r  each lo  quadrangle f o r  t h e  
summer and win t e r  seasons. 

Also i n  t he  OSTA model, short-term pa t t e rns  i n  wind v a r i a b i l i t y  were 
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c h a r a c t e r i z e d  by s e a s o n a l  ' p r o b a b i l i t y  m a t r i c e s  f o r  succeeaive 3-hour 
v e l o c i t y  t r a n s i t i o n e ,  A f i r s t - o r d e r  Markov p r o c e s s  w i t h  41 wind- 
v e l o c i t y  s t a t e s  ( e i g h t  compaes d i r e c t i o n s  by f i v e  wind-speed c laeses ,  
and a  calm condition) was assumed. The elements of t h i s  mat r ix  a r e  t he  
p r o b a b i l i t i e s ,  e x p r e s s e d  a s  p e r c e n t  chance ,  t h a t  a p a r t i c u l a r  wind 
v e l o c i t y  w i l l  b e  succeeded  by a n o t h e r  wind v e l o c i t y  i n  t h e  n e x t  t i m e  
s t e p  i n  a  given season. I f  the  preaent s t a t e  of the wind is  given, then 
t h e  n e x t  wind s t a t e  i a  d e r i v e d  by random sampl ing  a c c o r d i n g  t o  t h e  
percentagen given i n  t he  appropr ia te  row of t he  matrix. Seasonal wind- 
t r a n s i t i o n  m a t r i c e s  were  c a l c u l a t e d  f rom t h e  U.S. Weather  S e r v i c e  
r e c o r d s  f rom Data Buoy EBO-3 ( s t a t i o n  number 46001) l o c a t e d  about  100 
mi l e s  south of Kodiak Is land;  Middleton Is land  ( s t a t i o n  number 25402); 
and S i t k a  ( s t a t i o n  number 25333) ,  Alaska.  The s t u d y  a r e a  was d i v i d e d  
i n t o  zones  so  t h a t  a s i m u l a t e d  o i l e p i l l  would, depending upon i t s  
l o c a t i o n ,  be  d i r e c t e d  a c c o r d i n g  t o  t h e  m a t r i x  of t h e  a p p r o p r i a t e  wind 
s t a t i o n .  

I n  t h e  Gulf of Alaaka ,  f o r  each  of t h e  f o u r  s e a s o n s ,  one hundred 
hypothet ical  o i l s p i l l  t r a j e c t o r i e s  were simulated i n  Monte Carlo fash ion  
from each of t he  proposed leas ing  a reas  shown i n  f i g u r e  2 (PI-P20); from 
each of the ex i a t ing  Federal  l ea se  t r a c t  groups shown i n  f i g u r e  3 (E l -  
E3); and from each  of t h e  l o c a t i o n s  a l o n g  t h e  t r a n s p o r t a t i o n  ne twork  
T19-T44, f i g u r e  4). Each p o t e n t i a l  s p i l l  s o u r c e  was r e p r e s e n t e d  a s  
e i t h e r  a  s i n g l e  poin t ,  a  s t r a i g h t - l i n e  with the  p o t e n t i a l  s p i l l  sources 
u n i f o r m l y  d i s t r i b u t e d  a l o n g  t h e  l i n e  ( f o r  example,  a t r a a a p o r t a t  i o n  
r o u t e ) ,  o r  a s  an a r e a  ( f o r  example ,  t h e  p o t e n t i a l  e p i l l  s o u r c e s  
u n i f o r m l y  d i s t r i b u t e d  w i t h i n  t h e  a r ea ) .  Sur f  a c e  t r a n s p o r t  of t h e  o i l  
s l i c k  f o r  each  s p i l l  was s i m u l a t e d  a s  a  s e r i e s  of s t r a i g h t - l i n e  
displacements of a point  under t he  j o i n t  inf luence of winde and cur ren ts  
i n  3-hour i nc remen t s .  The a s s u m p t i o n s  used a r e  a s  f o l l o w s :  (1 )  t h e  
e f f e c t s  of wind and cu r ren t s  a c t  independently; (2) only a  f r a c t i o n  of 
t h e  v e l o c i t y  of t h e  wind,  a s  a  r e s u l t  of s u r f a c e  s h e a r  s t r e s s ,  i s  
i m p a r t e d  t o  t h e  body of o i l ;  and (3)  t h e  d i r e c t i o n  of o i l e p i l l  mot ion  
induced  by t h e  wind i s  a t  some a n g l e  t o  t h e  d i r e c t i o n  of t h e  wind ( a  
r e s u l t  of the  combined e f f e c t s  of Ekman, Langmuir, and Stokes d r i f t s ) .  
The aeaeonal wind- t r a n s i t i o n  p robab i l i t y  mat r ix  was randomly aampled 
each 3-hour period f o r  a new wind speed and d i r ec t ion ,  and the  cur ren t  
v e l o c i t y  was updated  a s  t h e  e p i l l  changed l o c a t i o n  o r  t h e  s i m u l a t e d  
month changed. The w i n d - d r i f t  f a c t o r  was t aken  t o  be  0.035 w i t h  a 
v a r i a b l e  d r i f t  angle ranging from 0  t o  25" clockwise. The d r i f t  angle 
was computed a s  a  f u n c t i o n  of wind speed a c c o r d i n g  t o  t h e  f o r m u l a  i n  
Samuels and o the r s  (1982); ( the  d r i f t  angle i s  inverse ly  r e l a t e d  t o  wind 
speed) .  A l l  t r a j e c t o r i e s  i n  Cook I n l e t  and S h e l i k o f  S t r a i t  were  
s imulated by Dames and Moore, and o r ig ina t ed  a t  launch poin ts  P21-P38 
( f i g u r e  28) and TI-T18 ( f i g u r e  4a). Launch p o i n t  T1 a l s o  s e r v e d  t o  
represent  e x i s t i n g  Federal l ea ses  from OCS s a l e  60 (see f i g u r e  3) .  From 
each of these  launch poin ts ,  a  t o t a l  of 400 t r a j e c t o r i e s  were s imulated 
(200 i n  t h e  winter. October through March, and 200 i n  the summer, Apr i l  
through September). 

The t r a j e c t o r i e s  s imulated by the  model represent  only hypothet ical  
pa thways  of o i l  s l i c k s  and do not i n v o l v e  any d i r e c t  c o n s i d e r a t i o n  of 
cleanup, d i spers ion ,  o r  weathering processes t h a t  could determine the  
q u a n t i t y  o r  q u a l i t y  of o i l  t h a t  might  e v e n t u a l l y  come i n  c o n t a c t  w i t h  
ta rge ts .  An i m p l i c i t  ana lys i s  of weathering and decay can be considered 
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by noting the age of eimulated oilspille when they contact targete. For 
this analysis, three time periods were eelected: 3, 10, and 30 days, to 
represent implicit measure8 of oil weathering, as well as mattera 
relating to containment and cleanup. 

When calculating probabilities from Monte Carlo trials, it is 
deeirable to eetimate the error associated with this technique. The 
standard deviation,& for a particular binomial probability, E, is 
calculated as follows: 

where N number of trials. The shape of thie distribution approximates 
the normal curve. For practical purposes, the Monte Carlo error is 
small when N = 400, as in this analysis. 

The probability that, if an oilspill occurs at a certain location, 
or launch point, it will contact a specific target within a given time 
of-travel (under the circumstances described above) is termed a 
conditional probability, because it is conditioned on oilspill 
occurrence. Each entry in tables 2, 3, and 4 represents the probability 
(expressed as percent chance) that, if a spill occurs at a certain 
launch point. it will contact a particular target within 3 ,  10. or 30 
days, respectively. Tables 5, 6, and 7 present similar probabilities 
for land segments. 

Combined Analvsis of Oils~ill Occurrence and 
Oilspill Traiectorv Simulations 

In calculating the combined or "overall" probabilities of both spill 
occurrence and contact, the following steps are taken: 

(1) For a met of r& targets and launch points, the conditional 
probabilities can be represented in a matrix form. Let [ C ]  be an x 
nl matrix, where each element c(i,k) is the probability that an oilspill - 
will hit target &, given that a epill occurs at launch point i. Note 
that launch points can represent potential spill starting points from 
production areas on transportation routes. 

( 2 )  Spill occurrence can be represented by another matrix IS]. With 
nl launch points and ns production sites; the dimensions of [S] are a x - 
ns. Let each element g(i,k) be the estimated mean number of spills - 
occurring at launch point i due to production of a unit volume of oil at 
site k. These epills result from either production or transportation. 
The ~ ( i . k )  can be determined as functions of the volume of oil (spills 
per billion barrels). Each column of [ S ]  corresponds to one production 
site and one transportation route. If alternative and mutually 
exclusive transportat ion routes are considered for the same product ion 
aite, they can be represented by additional columns of IS], effectively 
increasing as. 

(3 )  Define matrix [U] as: 



Matrix [U] , which has dimensions g& x ns. in termed the unit risk matrix 
because each element &(ink) corresponds to the estimated mean number of 
apills occurring and contacting target 4 owing to the production of a 
unit volume of oil at rite k. 

(4 )  With [Ul, it is a relatively simple matter to eetimate the mean 
contacte to each target, given a set of oil volumes at each rite. Let 
[v] be a vector of dimension g, where each element y(k) correeponde to 
the volume of oil expected to be found at production site Is, Then, if 
[L] is a vector of  dimension nt_, where each element l(i) corresponds to 
the mean number of contacts to target i: 

[LI = [u] x [v l .  

Thus, estimates of the mean number of oilspills that will both occur and 
contact targets (or land segments) can be calculated. (Note that as a 
atatistical parameter, the mean number can assume a fractional value, 
even though fractions of oilspills have no physical meaning.) 

Using Bayesian techniques, Devanney and Stewart (1974) showed that 
the probability of oilepill contacts can be described by a negative 
binomial distribution. Smith and others (19821, however, noted that 
when actual exposure i a  much less than historical exposure, as is the 
case for most oilspill risk analyses, the negative binomial distribution 
can be approximated by a Poisson distribution. The Poisson distribution 
has a significant advantage in calculations because it is defined by 
only one parameter, the expected (mean) number of spills. The matrix 
[L] thus contains all the information needed to use the Poisson 
distribution: if P ( g . i )  is the probability of exactly g contacts to 
target _6, then: 

A critical difference exists between the conditional probabilities 
calulated in the previous section and the overall probabilities 
calulated in this section. Conditional probabilities depend only on the 
winds and currents in the study area -- elements over which the 
decisionmaker has no control. Overall probabilities, on the other hand, 
depend not only on the physical conditioae, but also on the course of 
action chosen by the decisionmaker; that is, choosing to sell or not to 
eel1 the lease tracts. The overall probabilities for this analysis are 
presented in the following tables: 

Tables 8 and 9 compare the probabilities of one or more oilspills 
(greater than 1,000 barrels) and the expected numbers (means) of such 
oil spills occurring and contacting targets and land segments within 
periods 3, 10, and 30 days over the expected production life of t h e  
lease area. based on the conditional mean volume scenario previously 
discussed (0.65 billion barrels). For each time period, the tables 
present an analysis of: (1) the proposed action; (2) existing leaees and 
existing tankering of oil over the assumed production life of 25 years; 
and (3)  a cumulative analysis of all three factors. It is useful to 
compare the probabilitiee of spills occurring and contacting targets 



over the expected production life of the proposed area with the risks 
from existing leases and existing tanker transportation of oil. In this 
way the relative effect of adding proposed tracts to the study area may 
be examined. 

Tablee 10 and 11 are arranged in a similar fashion, but present 
overall probabilities based on the conditional mean volume scenario, as 
modified by the Shelikof deletion alternative (0.53 billion barrels). 

Overall probabi.lities were also calculated on the basis of oilspills 
greater than 10.000 barrels. Appendix A presents the overall 
probabilities for spills greater than 10,000 barrels as follows: Tables 
A-1 and A-2 show probabilities of such large spills occurring and 
contacting targets and land segments, respectively, based on the 
conditional mean volume scenario. Likewise, tables A-3 and A-4 present 
such probabilities based on the conditional mean volume scenario as 
modified by the Shelikof deletion alternative. 

Conclusions 

This analysis characterizes the oilspill risks asaociated with the 
Gulf of Alaska/Cook Inlet lease offering (October 1984). For the 
conditional mean volume scenario, the proposed lease offering will 
result in an estimated 0.65 billion barrels of oil being found and 
produced over a period spanning 25 years. There is a 32 percent chance 
that no spills of 1,000 barrels or larger will occur and contact lend. 
There is a 68 percent chance that sometime during this 25-year period 1 
to 4 spills (most likely, 1 or 2) of 1,000 barrels or larger could occur 
because of the proposed lease offering and contact land after being at 
sea less than 30 days. The risks from spills would be mitigated to the 
extent that weathering and decay of oil occurs at sea, and by the 
success of any spill countermeasures which would be attempted; these 
effects were not directly included in this oilspill model, but should be 
considered in translating the s p i l l  contacts predicted by this study 
into spill impacts for environmental analysis. 

For purposes of comparison, risks from existing sources of potential 
oilspills were also characterized over the same 25year period as the 
proposed leases. These risks include all existing oil and gas leases as 
well as existing tanker transportation of Alaskan crude oil; together 
they represent m o r e  than 10.8 billion barrels produced and/or 
transported over 25 years. There is an 83 percent chance that over the 
next 25 years these existing sources will result in 1 to 5 spills (most 
likely, 2 or more) of 1,000 barrels or larger occurring and contacting 
land. (Again, these estimates do not include weathering or spill 
countermeasures.) While the mean numbers of overall spill contacts are 
similar (1.2 for the proposed lease offerings va 1.8 for existing 
risks), t h e  wide distribution of risk from the proposal results in no 
higher than an 8 percent chance of one or more spills (1,000 barrels) 
occurring and contacting any land segment. Existing risks are more 
concentrated near Prince William Sound and in Cook Inlet due to existing 
tankering of oil from Valdez. 

The Shelikof deletion alternative results in leas overall risk than 



t h e  proposal, in that contacts t o  l a n d  in Shelikof Strait are 
eliminated. However, the h i g h e s t  probability of contact to any land 
segment in Shelikof S t r a i t  (from the  proposal) is only 6 percent. 

When only  spills of 10,000 barrel8 or greater are considered, t h e  
p r o b a b i l i t i e s  of spill occurrence and contact from the proposal are 
roughly halved. 
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