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Introduction 

The Federal Government has proposed t o  offer  Outer Continental 
Shelf (OCS) lands i n  the Navarin Basin for  oi l  and gas leasing. The 
estimates of o i l  resources (b i l l ion  barrels)  in the Navarin Basin 
planning area are: (1)  0.30 (low), ( 2 )  0.60 (medium), (3)  1.2 
(high) ,  and ( 4 )  2.4 (highest) .  There i s  a 76 percent probabi l i t y  
tha t  cormercial hydrocarbons are  present in the planning area, and 
t h i s  report examines w h a t  could happen i f  oi l  i s  found. Contingent 
upon actual discovery of o i l ,  production i s  expected t o  span a 
period of 25 t o  30 years. 

Oi l sp i l l s  a re  a major concern associated with offshore o i l  
production. An important f a c t  t h a t  s t a n d s  o u t  when one attempts t o  
evaluate the significance of accidental o i l s p i l l s  i s  that  the 
problem i s  fundamental ly probabi 1 i s t i c .  Uncertainty ex is t s  about 
t h e  amount of o i l  that  will be produced from the leases and the 
number and s i ze  of s p i l l s  that  might occur during the l i f e  of 
production, as  we71 as the wind and current conditions that  would 
ex is t  a t  the time of a s p i l l  occurrence and give movement and 
direction to  the o i l  sl ick.  Although some of the uncertainty 
ref1 ec ts  i  ncompl e t e  and imperfect data, considerable uncertainty i s  
simply inherent in the problem of describing future events over 
which complete control cannot be exercised, Since i t  cannot be 
predicted with cer tainty that  a probabi l is t ic  event such as a n  
o i l s p i l l  will occur, only the likelihood of occurrence can be 
quantified. The range of possible effects  that may accompany a 
decision o n  o i l  and gas production must be considered. In 
attempting to  maintain perspective on t he  problem, each potential 
e f fec t  must be associated with a quantitative estimate of i t s  
probabi 1 i  t y  of occurrence. 

This report summarizes resul ts  of an o i l s p i l l  risk analysis 
conducted fo r  the proposed Navarin Basin (March 1984) Lease 
Offering. The study had the objective of determining re la t ive  risks 
associated with o i l  and gas production in different  regions of the 
proposed lease area. The study was undertaken for  consideration in 
the d ra f t  environmental impact statement ( E I S ) ,  which i s  prepared 
for  the area by the Minerals Management Service (MMS) and t o  aid in 
the f inal  selection of t r a c t s t o  be offered for  sale. A description 
of the o i l s p i l l  t ra jectory analysis model used in th i s  analysis can 
be found in  previous papers (Lanfear and others, 1979; Smith and 
others, 1982; Lanfear and Samuels, 1981). The analysis was 
conducted in three parts corresponding t o  different  aspects of the 
overall problem. The f i r s t  part dealt  with the probability o f  
o i l s p i l l  occurrence and the second with the t ra jec tor ies  of 
o i l s p i l l s  from potential launch points to  various targets.  Results 
of the f i r s t  two parts of the analysis were then combined t o  give 
estimates of the overall oi- lspi l l  r isk associated with o i l  and gas 
production i n  the lease area. 



Sumwy of the Proposed Action and the Major Alternatives 

The proposed action i s  to  offer  for  lease, t r a c t s  on the Outer 
Continental Shelf in  the Bering Sea. The study area for  t h i s  
analysis extends from la t i tude  53' N. t o  70" N. ,  and from longitude 
170" E. t o  155" W .  ( f igure  1). 

The study area and the planning area a re  shown in figure 1. The 
launch points which represent platform locations, and 1 ocati ons 
along pipeline and tanker routes are  shown in figure 2. 

If o i l  i s  discovered and the area i s  developed for  production, 
there a re  a number of ways in which o i l  can be transported. 

SCENARIO a :  I f  the high estimate of oil  (1.2 b i l l ion  barrels)  
i s  found, then the proposed transportation scheme i s  
to  pipe a l l  the oi l  t o  a terminus on S t .  Matthew 
Island. From there, the o i l  would be tankered t o  a 
trans-shipment terminal near Unimak Pass. 

SCENARIO b: If the highest estimate of oi l  (2.4 b i l l i on  barrels)  
i s  found then the proposed transportation scheme i s  
t o  pipe th i s  o i l  t o  a terminus on S t .  Paul Island. 
From there the o i l  would be tankered to  a trans- 
shipment terminal near Unimak Pass. 

SCENARIO c: I f  the medium estimate of oi l  (0.6 b i l l ion  bar re ls )  
i s  found, then the proposed transportation scheme i s  
offshore loading of tankers and transportation of 
t h i s  o i l  t o  a trans-shipment terminal near Unimak 
Pass. 

A cumulative analysis was also performed which considered the 
o i l s p i l l  r isks  of o i l  produced in Norton Sound (0.48 b i l l ion  barrels 
estimated), St. George Basin (1.12 b i l l i on  barrels estimated) a n d  
the tankering of Canadian o i l  through the study area (1.7 b i l l ion  
barrels estimated). 

Environmental Resources 

The locations of 31 categories of environmental resources ( o r  
targets ,  as they are  designated in th i s  paper) were digit ized in 
the same coordinate system, or base map, as t h a t  used in t ra jectory 
simulations. Targets were selected by MMS analysts. Maps showing 
the digit ized targets  are  shown in figure 3. The monthly 
sens i t iv i t i e s  o f  these t a rge ts  were also recorded so that ,  f o r  
example, a target  such as migrating birds could be contacted by 
simulated o i l s p i l l s  only when the birds would be in the area. All 
targets  a re  considered to  be vulnerable year round unless otherwise 
indicated. The targets a re  l i s t ed  below: 

Unimak Pass 
Pribilof Islands 



Nunivak Island 
S t .  Matthew Island - E 
St. Matthew Island - W 
S t .  Lawrence Island - E 
S t .  Lawrence Island - S 
S t .  Lawrence Island - W 
Yukon  Delta 
Fishery Resource Area 1 
Fishery Resource Area 2 
Fishery Resource Area 3 
Fishery Resource Area 4 
Fishery Resource Area 5 
Sea Segment 1 
Sea Segment 2 
Sea Segment 3 
Sea Segment 4 
Sea Segment 5 
Sea Segment 6 
Sea Segment 7 
Sea Segment 8 
Sea Segment 9 
Sea Segment 10 
Sea Segment 11 
Sea Segment 1 2  
Sea Segment 13 
Sea Segment 14  
Sea Segment 15 
Sea Segment 16  
Sea Segment 17 

Because the t rajectory model simulates an o i l sp i l l  as a point, 
most targets  have been given an areal extent s l ight ly  greater than 
they actually occupy. For example, some shoreline targets extend a 
short distance offshore; t h i s  allows the model to  simulate a s p i l l  
that  approaches l a n d ,  makes part ia l  contact, withdraws, and 
continues on i t s  way. 

To provide a more detailed analysis for  land or land-based 
targets ,  the model includes a feature t h a t  allows subdividing t h e  
coastl ine and model boundaries into segments. Figure 4 shows the  
coast1 i ne and model boundaries divided i nto 200 segments o f  
approximately equal 1 eng t  h. 

Estimated Quantity of O i  1 Resources 

Considerable uncertainty ex is t s  in estimating the volume o f  o i l  
t h a t  will be discovered and produced as a resu l t  of an OCS lease 
sale.  A question exis t s  as to  whether o i l s p i l l  r isk ca1culations 
should be based upon a s ingle  estimate of volume, or should 
consider volume as a random variable and include some probability 
dis t r ibut ion for  volume in computing oi lspi  11 occurrence 
probabilities. The choice may depend upon how the resu l t s  a re  to  be 
incorporated into the benefi t l r isk analysis. 



BenefiOs and r isks  (as well as many environmental impacts), a re  
functions of the volume of o i l ,  and are  not independent of each 
other. Greater r isks  a re  associated w i t h  greater volumes of o i l  and 
greater economic benefits. If  benefits a re  evaluated by assuming 
production of a specif ic  amount of o i l ,  then the corresponding 
r isks  should be s tated in a conditional form such as ,  "the r i sks  
a r e  ..., given that  the volume i s  ..." I f  benefits a re  evaluated 
for  a number of discrete  volumes, then risks should 1 ikewise be 
calculated for the same volumes. Any statements about the 
1 ikel ihood of the presence of a particular volume of oi 1 apply 
equally well to  the likelihood of the corresponding benefits and 
risks. 

The estimated o i l  resources used for  o i l s p i l l  r isk calculations in 
t h i s  report correspond to  those used by MMS in preparing the d ra f t  
€IS for  the lease sale. These estimates are contained in the 
exploration and development report f o r  the Navarin Basin (Wilson and 
Lynch, 1982). A 76 percent chance exis ts  that  o i l  i s  present in 
commercial quant i t ies  in the  planning area (Wilson and Lynch, 1982). 
Four cases of resource recovery were considered: low (0.3),  medium 
(0.60), high (1.21, and highest (2.4). A11 estimates a re  in b i l l i on  
barrels of o i l .  

We cannot overemphasize that  these estimates a re  based on t h e  
assumption tha t  o i l  i s  present; i f  i t  i s  not present, a 24 
percent probabi 1 i ty (Wilson and Lynch, 1982), then, obviously, no 
o i l s p i l l  r isks  exis t .  The remainder of th i s  analysis i s  designed t o  
answer the question, "What are  the risks ---- i f  o i l  i s  found?" 

In addition t o  the crude o i l  estimated t o  be produced over the 
25- t o  30-year expected 1 i f e  of the Navarin Basin leases,  MMS 
estimates tha t  0.48, and 1.12 b i l l i on  barrels of o i l  will be produced 
and transported from the Norton Sound and S t .  George Basin leases,  
respectively. In addition, i t  i s  assumed t h a t  1.7 bi l l ion  barrels 
of Canadian o i l  will be tankered through the study area. 

Probability of Oi lsp i l l s  Occurrinq 

The probability of o i l s p i l l s  occurring (given tha t  o i l  i s  present) 
i s  based on the assumption that  s p i l l s  occur independently of each 
other as a Poisson process, with a ra te  derived from past OCS 
experience and dependent upon the volume of o i l  produced and 
transported. A1 1 types of s p i l l s  of 1,000 bar re ls ,  or larger,  were 
considered i n  t h i s  analysis,  including not only well blowouts, b u t  
a lso other accidents on platforms, transportation of o i l  t o  shore, 
and, in some cases, fur ther  transportation from a n  intermediate 
terminus to  refineries.  These types of accidents were c l a s s i f i e d  as 
e i ther  platform, pipeline, or tanker sp i l l s .  By including a l l  of 
these risks,  the r isks  of the proposed OCS leasing can be compared 
t o  those of other al ternat ives .  



Lanfear and Amstutz (1982) examined o i l s p i  11 occur rence  r a t e s  
a p p l i c a b l e  t o  t h e  U.S. OCS. Basing t h e i r  r e s u l t s  upon n w ,  more 
r e c e n t ,  and more complete d a t a  bases  than were a v a i l a b l e  f o r  e a r l i e r  
OSTA models, they recomnended updated spi 11 r a t e s  f o r  p i  pel i ne 
s p i l l s ,  and some s i g n i f i c a n t  changes i n  t h e  s p i l l  r a t e s  f o r  
p la t forms  and tankers .  This  a n a l y s i s  uses  the new s p i l l  r a t e s  f o r  
a1  1 acc iden t  ca t ego r i e s .  

S p i l l  r a t e s  f o r  OCS platforms a r e  based on the record  f o r  t h e  
U.S. OCS (Gulf of Mexico, and C a l i f o r n i a ;  Alaska had no Federal OCS 
o i l  p roduct ion)  from 1964 through 1980, i n  which 5 s p i  11s of 10,000 
b a r r e l s ,  o r  l a r g e r ,  a r e  noted,  a long  with 7 s p i l l s  o f  1,000 t o  
10,000 b a r r e l s  i n  s i z e .  Nakassis (1982) conducted a s t a t i s t i c a l  
a n a l y s i s  of  this  r eco rd ,  1964-1979, and concluded t h a t  t h e  p la t form 
s p i l l  r a t e  d id  not remain cons t an t ,  s i n c e  1964, but  had decreased 
s i g n i f i c a n t l y .  Using t h i s  t r end  a n a l y s i s ,  and updat ing f o r  t h e  1980 
d a t a ,  the s p i l l  r a t e  f o r  platform s p i l l s  o f  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  per  b i l l i o n  b a r r e l s  produced, 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 .  

Like platform s p i l l s ,  t h e  s 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  record  f o r  t h e  U.S. OCS from 1964 through 1980. 2 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  i n  t h e  da t a  base,  a long  wi th  6 s p i l l s  
o f  1,000 t o  10,000 b a r r e l s .  No t r e n d  i n  the  p i p e l i n e  s p i l l  r a t e  i s  
evident .  The s p i l l  r a t e  for p i p e l i n e  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  1.60 s p i l l s  per  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 ,  i s  0.67 s p i l l s  per b i l l i o n  
b a r r e l  s. 

For t anke r  s p i l l  r a t e s ,  previous OSTA models f o r  Alaska (Lanfear  
and o t h e r s ,  1979, LaBelle and o t h e r s ,  1980, Samuels and Lanfear ,  
1981, Samuels and Hopkins, 1981, and Samuels and o t h e r s ,  1982) used 
d a t a  f o r  y e a r s  p r i o r  t o  1973. Using a new d a t a  base  (The Futures  
Group and World Information Systems, 1982) cover ing  t h e  y e a r s  1974 
through 1980, Lanfear and Amstutz (1982) concluded t h a t  t h e  t anke r  
s p i l l  r a t e  (expressed  a s  s p i l l s  per  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 )  
s i n c e  1974 was on ly  about  a t h i r d  o f  t h a t  found p r i o r  t o  1973. 
Thus, t h i s  a n a l y s i s  uses  a s i g n i f i c a n t l y l o w e r  t anke r  s p i 1 l . r a t e  
than  t h e  e a r l i e r  models. From 1974 through 1980, the da t a  base  
con ta in  records  of  57 t a n k e r  s p i l l s  of crude o i l  o f  10,000 b a r r e l s ,  
o r  l a r g e r ,  and ano the r  57 s p i l l s  o f  1,000 t o  10,000 b a r r e l s  i n  s i z e ;  
du r i  ng t h i s  per iod ,  approximately 88 b i  11 ion  b a r r e l  s of o i  1 were 
t r anspo r t ed .  Lanfear  and Amstutz (1982) were a b l e  t o  s e p a r a t e  t h e  
114 tanker s p i l l s  i n t o  t h o s e  occu r r ing  i n  p o r t  ( i  .e, , in land  of t h e  
breakwater ,  e t c . )  and t h o s e  occu r r ing  a t  sea ,  W h i l e t h i s  in format ion  
does not a f f e c t  p r e d i c t i o n s  of t h e  o v e r a l l  occur rence  r a t e ,  i t  does 
a f f e c t  assumptions about  where s p i l l s  a r e  l i k e l y  t o  occu r ,  and t h e  
a p p r o p r i a t e  weights  were ass igned  along t anke r  r o u t e s  t o  account f o r  
" a t  s e a M / " i n  p o r t "  s p i l l s .  The o v e r a l l  s p i l l  r a t e  f o r  t a n k e r  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  1.3 s p i l l s  per  b i l l i o n  b a r r e l s  
t r anspo r t ed  (0.90 a t  s e a ,  and'0.40 i n  p o r t ) ,  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 ,  or l a r g e r ,  i s  0.65 s p i l l s  per  b i l l i o n  b a r r e l s  
(0.50 a t  s e a ,  and 0.15 i n  p o r t ) .  
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In summary, the s p i l l  ra tes ,  expressed as s p i l l s  per b i l l i on  

barrels produced or transported, used in t h i s  report are:  

>1,000 bbl - >10,000 b b l  - 

Platforms 1.0 0.44 

Pi pel i nes 1.6 0.67 

Tankers, total  1.3 0.65 

a t  sea 0.90 0.50 

in port 0.40 0.15 

Spill  frequency estimates were also calculated for  production 
and transportation of o i l  from sales  Norton Sound ( sa l e  57) and S t .  
George (sale 70) and for  transportation o f  Canadian o i l .  The 
assumption was made that  only one-quarter of the s p i l l s  from tanker 
transportation of Canadian o i l  would occur within the study area and 
tha t  the remainder of the  s p i l l s  would occur outside the study area. 
Table 1 showsthe expected number of s p i l l s  and the most l ikely number 
of s p i l l s  tha t  will occur during the en t i r e  expected production l i f e  
of the planning area. 

Oil s p i l l  Trajectory Simulations 

O i  lspi 11 t ra jec tor ies  were simulated by the R A N D  Corporation, Santa 
Monica Cal i fornia,  using the i r  three-dimensional model for  estuaries 
and coastal seas (Liu and Leendertse, 1981a,b). The application o f  
t h i s  model was developed as part of the MMS environmental studies 
program i n  the Bering Sea. Twenty-six launch points were selected 
representing platform locations,  pipelines, and  tanker r o u t e s  in the 
study area. I n  t h i s  analysis,  the location of the center o f  mass of 
each hypothetical o i l s p i l l  was reported every 12 hours. Oj lspi 11 
t ra jec tor ies  were simulated under three s e t s  o f  environmental 
conditions. The f i r s t  s e t ,  which included the months December 
through May was termed the ice-cover condition. During th i s  period, 
the Navarin Basin i s  occasionally covered by ice floes. For each 
launch point, 20 o i l s p i l l s  were simulated under different  weather 
scenarios. The second s e t  was an ice-free condition which included 
the months June through August. During t h i s  period, 20 hypothetical 
o i l s p i l l s  were launched from each s i t e .  The third se t  was also an 
ice-free condition including the months September through November. 
For this  period, 20 hypothetical o i l s p i l l s  were launched from each 
s i t e .  The t ra jec tor ies  calculated by R A N D  were transmitted t o  the 
Minerals Management Service Reston, VA. , on computer-compati bl e tapes. 
The x,y coordinates of the t r a j ec to r i e s  in the RAND grid system were 
converted t o  the M I S  grid system by a l inear  transformation. As 



the simulated o i l s p i l l  was moved, any contacts with targets  were 
recorded. ' Spill  movement continued until  the sp i l l  h i t  land, moved 
off  the map, or aged more than 30 days. 

The t r a j ec to r i e s  simulated by the model represent only 
hypothetical pathways of o i l  s l icks and do not involve any d i rec t  
consideration of cleanup, dispersion, or weathering processes 
which could determine the quantity or quality of o i l  that  might 
eventually come i n  contact with targets.  A n  implicit analysis o f  
weathering and decay can be considered by noting the age of 
simulated o i l s p i l l s  when they contact targets.  For  t h i s  analysis,  
threetime periods were selected: 3 days, t o  represent diminished 
toxic i ty  of the s p i l l ;  10 days, t o  allow for  deployment of cleanup 
equipment; and 30 days, t o  represent the d i f f icu l ty  of tracking 
o r l o c a t i n g s p i l l s  a f t e r  t h i s  time. 

When calculating probabili t ies from Monte Carlo t r i a l s  i t  i s  
desirable t o  estimate the error  associated with th i s  technique. 
The calculation of the standard deviation - s ,  for  a particular 
probability i s  calculated as follows: 

where N = number of t r i a l s .  The shape of th i s  dis t r ibut ion 
approxymates the normal curve, thus, table  2 shows, for  the 90- 
percent confidence level of th i s  dis t r ibut ion,  values of - s  as a 
function WF p and - N. 

Each entry in tables 3, 4 ,  a n d  5 represents the probability 
(expressed as percent chance) tha t ,  i f  a sp i l l  s t a r t s  from a cer tain 
launch point, i t  will contact a  particular target  within 3, 10, or 
30 days, respectively. Tables 6 t o  8 present similar probabi l i t ies  
fo r  land and boundary segments. These conditional probabili t ies 
allow fo r  the possibi l i ty  that the targets may not be vulnerable 
t o  o i l s p i l l s  for  the en t i re  year; a target  t h a t  i s  vulnerable for  
only 1 month, for  example, could have a conditional probability no 
higher than about 1/12. 

Combined Analysis of Oilspill  Occurrence and  
Oilspi 1 T Trajectory SimuTations 

Data in table  1 indicate the probabili t ies of different  numbers 
of o i l s p i l l s  occurring. Tables 3 t o  8 indicate the probabi l i t ies  
t h a t  targets  or  land segments will be contacted, given tha t  an o i l -  
s p i l l  occurs. The probability tha t ,  i f  an o i l s p i l l  occurs a t  a  
cer tain location, or launch point, i t  will contact a specif ic  target 
within a given time-of-travel (under the circumstances described 
above) i s  termed a conditional probability because i t  depends on 
o i l s p i l l  occurrence. For a s e t  of n t  targets and nl launch points, 
these conditional probabi 1  i  t i e s  can be represented 5 a matrix form. 
Let LC]  be an n t  x nl matrix, where each element c(i,J) i s  the - -  
probability t h a t a n  o T s p i l l  will h i t  target i ,  given that  a sp i l l  
occurs a t  launch point - j. Note tha t  launch-points can represent 



potential sp i l l  s t a r t ing  points from production areas or  
transportation routes. 

Spill  occurrence can be represented by another matrix [S]. 
With nl launch points and ns production s i t e s ,  the dimensions of 
[S] a r e  nl x ns. Let each-element s(J,k) be the expected number 
of s p i l l o c c u ~ r i n g  a t  launch point d u e  t o  production of a unit  
volume of o i l  a t  s i t e  k. These s p i l l s  can resul t  f r o m  e i ther  
production or transportfi ion. The s (2 ,k)  can be determined as 
functions o f  the volume of o i l  ( s p i l l s  p e r  bi l l ion  barrels) .  Each 
column o f  [ S ]  corresponds to  one production s i t e  and one 
transportation route. If a l ternat ive a n d  mutually exclusive 
transportation routes a re  considered for  the same production s i t e ,  
they can be represented by additional columns of [S], effectively 
increasing - ns. 

Define matrix [U] as: 

Matrix [U] which has dimensions n t  x ns, i s  termed the unit r isk 
matrix because each element ---  u ( i , q  cozesponds to  the expected 
number of s p i l l s  occurring and contacting target  i  due to  the 
production of a unit volume of o i l  a t  s i t e  k. With TUJ, i t  i s  a  
relat ively simple matter t o  find the expecTed contacts to  each 
ta rge t ,  given a se t  of o i l  volumes a t  each s i t e .  Let [ V ]  be a 
vector of dimension ns, where each element v ( k )  corresponds t o  
the volume of o i l  expEted t o  be found a t  produ7tTon s i t e  k .  Then, 
if [L] i s  a vector of dimension n t  where each elexent - l ( i )  - 
corresponds to  the expected number  contacts t o  target - i ,  

Similar calculations can also be made for  land segments. 

Using Bayesian techniques, Devanney and  Stewart (1974) showed 
tha t  the probabi 1 i  t y  of n oi lspi 11 contacts can be described* by 
a negative binomial df i t r ibut ion.  Smith and  others (1980), 
however, noted that  when actual exposure i s  much less  than 
historical exposure, as i s  the case for  most o i l s p i l l  r isk 
analyses, the negative binomial dis t r ibut ion can be approximated 
by a Poisson distribution. The Poisson dis t r ibut ion has a 
s ignif icant  advantage in cal culations because i t  i s  defined by 
only one parameter, the expected number of sp i l l s .  The matrix 
[L] thus contains a l l  the information needed to use the Poisson 
distribution: i f  - --  P(n , i )  i s  the probability of exactly - n contacts 
t o  target  - i ,  then: 



A c r i t i c a l  difference ex is t s  between the conditional! 
probabi Li t i e s  ca1 culated in the previous section and the overall 
probabi l i t ies  calculated in this section. Conditional 
probabi l i t ies  depend only on the winds and currents in the study 
area -- elements over which the decisionmaker has no control. 
Overall probabi l i t ies ,  on the other hand, will depend not only on 
the  physical conditions b u t  a lso on  the course of action chosen by 
the decisionmaker, that  i s ,  choosing to  se l l  or not t o  s e l l  the 
1 ease t racts .  

Tables 9 t o  16 compare t h e  probabili t ies (expressedas percent 
chance) o f  one or more o i l s p i l l s  (greater than 1,000 barrels  or 
greater than 10,000 bar re ls )  and the expected number of o i l s p i l l s  
occurring and contacting targets  or segments within periods of 3, 
10, and 30 days, o v e r  the expected production l i f e  of Sale 83 
leases. The o i l s p i l l  r isks  were compared for  highest, high, a n d  
medium resource estimates; where the high estimate was associated 
with transportation scenario a ,  highest estimate with scenario b ,  
and the medium estimate with scenario c, 

Concl us i  ons 

This analysis with i t s  assumptions indicates that  i f  o i l  ex is t s  
in commercial quant i t ies  in the Navarin Basin planning area ( a  76 
percent chance), the probability that  one or more o i l s p i l l s  of 
1,000 barrels  of larger will occur and contact land within 3 days 
ranges between less than 0.5 percent to  13 percent (depending on 
the transportation scenario);  for  contact within 30 days, the 
probability range increases to  1 4  t o  60 percent. For s p i l l s  of 
10,000 barrels or la rger ,  (contact within 3 days) these probability 
ranges are: less  than 0.5 percent t o  6 percent, and 7 t o  35 percent, 
(contact within 30 days) .  These probabi 1 i t i  es assume no weatheri n g  
o f  the oi l  and no cleanup or containment operations. The time-of- 
travel provides a means for  implicit ly considering these effects .  

I f  o i l  from Norton Sound, S t .  George Basin, a n d  Canadian tanker- 
ing i s  considered, the probability of one o r  more s p i l l s  occurring 
and contacting land becomes 83 percent (scenario b ) ,  78 percent 
(scenario a ) ,  and 63 percent (scenar io c ) .  
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