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Abstract 

A n  o i l s p i l l  risk analysis was conducted t o  determine the relative 

envf ronrnental hazards of developing of1 in different regions of the  Cook 

Inlet and Shelikof Stralt  (Proposed Sale 60j Outer Cont'inental Shelf  

(OCS) lease area. The probability o f  spfll occurrences, likely movement 

of o i l  s l icks,  and loca t ions  o f  resources vultierable t o  spilled o i l  were 

analyzed. The t imes between spi l l  occurrence and contact w i t h  various 

resources Here estimated, The comSined results yielded estimates of the 

overall risks associated w i t h  development o f  the proposed lease area, 

Assumins t h a t '  o i l  w i l l  be found fn a l l  153 proposed tracts o f  the lease 

area, and depending upon the routes chosen t o  transport oi 1 from OCS 

platforms t o  the  shore, the !easing o f  the tracts proposed for  OCS Sele 

60 wi l l  restilt in an expected 4,O oilspills, The estimated probablllty 

t h a t  land  w i l l  be contacted by one or more oilspllls t h a t  have been a t  

sea 1 ess t han  30 days i s  0.96. 



Introduction 

The Federal Government has proposed t o  o f f e r  Outer Csntin~ntal Shelf 

(0CS) lands  fn Cook Inlet and Shelikof S t r a i t  for o i l  and gas leasing.  

The assumed volume of o i  1 resources for the proposed 153 tracts 1 s 569 

m i  11 i o n  barrels o f  crude o i l  ; i b i s  value js based on :he assumpt Ion 

t h a t  a l l  tracts wi l l  be sold and t h a t  of1  w I l l  be found In a l l  p a r t s  o f  

the lease area -- an event considered unlikely. Contingent upon actual 

discovery of t h l s  quan t i t y  of o i l ,  production is expected t o  span a 

per1 od of 30 years. There are 87 ex i st S ng Federal 1 e a s ~  t r a c t s  i n t h e  

study area, and i f o i  1 is Pound i n  a1 1 of these tracts, f t has been 

assumed thet  they would contain 826 mi 11 ion barrels sf crude o l  I. 

Oilspflls are a m a j o r  problem associated w i t h  offshore o i l  

production. An important f a c t  t h a t  stands out when one attempts to 

evaluate the significance of accjdental 011 spfllage i s  that  the problem 

i s  fundamental ly probzbil l s t i c .  Uncertainty e x i s t s  about the amount of  .. 
o i l  t h a t  wf  11 be produced from the  leases and the  number and s i  z@ e f  

sp i l l s  t h a t  rnjght occur during the  l i f e  o f  production, as well as the 

wind acd current cond i t ions  that  would e x f s t  a t  the  time o f  a s p i l l  

occurrence and g i v e  directjon t o  the  oi l  sllck. Although some o f  t h i s  

uncertainty reflects incomplete and imperfect data ,  a considerable 

amount i s simply i n l w r e n t  in the problem of describfng future events 

over which complete c o n t r o l  cannot be exercised, Since i t can not be 

pred ic ted  v'th cert  n i  nty t h a t  a probabi 1 l s t  f c event  such as an o i  1 spi  11 



w i l l  occur, only  the likellh~od o f  occurrence can be qua.,tified. I t  i s  

important to consider the  range 04  possible  effects t h a t  could accompafiy 

a decfslon on oi l  and gas produstfon. It i s  ~qually important, fn 

attempting t o  maintafn  perspective on the problem, t o  associate each 

potential e f f e c t  w i t h  a quant i ta t ive  estlrnate o f  1:s probability o f  

occurrence. 

T h i s  report s ~ ~ m a r i z e s  results o f  an oil spill r i s k  ana lys is  conducted 

for the proposed Cook Tnlet and Sheldkof Strait OCS Lease Sale 60. The 

study had the o b j e c t l r e  of detemining relative r i s k s  associated w i t h  

o i  1 and gas production i n  dif fe-ent regions o f  the proposed lease area. 

The study was undertaken f o r  considerat ion in the draft environmental 

impact statement (E1S) for the area, and to faeil itate f f n a l  select ion 

of t rac ts  t o  Se offered f o r  sale. A descr ip t ion  o f  the oflspill 

trajectory analysls model used i n  this analysis can be Pound i n  a 

previous paper (Lanfear, Smith, and Slack ,  1979). The analysis was 

conducted in three p a r t s  corresponding t o  different aspects o f  the 

overall problem. The f i r s t  part dea l t  ~ 7 t h  the  probability o f  o~lsplll 

occurrence, and the second ni:lr the trajectories o f  oilspills from 

po ten t i a l  launch po in t s  t o  various targets. Results o f  the f i r s t  two 

parts o f  t h e  ana lys is  wei-e then con~blned t:, g f v e  ~stfrnates o f  the 

overall o i l s p i l l  r f s k  associated w i t h  o i l  and gas production in the 

lease area. 



Deci s i onma k i ng Under R l  sk and Uncertril nty  

Oilspill impacts  result yimari iy  from two events whlch are 

probabf 1 t s t i c  i n  nature: oil  spill occurrence due t o  accidents,  and 

oilspill movement by random winLs and currents. Although i t  can not be 

s a i d  with certainty t h a t  a p robab i l i s t i c  event (such as an ollspill) 

will occur, the llkelihood o f  occurrence can be quantified. It i s  

possi b1 e t o  estimate the 1 i kel i hood tha t  a1 1 sp i  l1.s w i  7 1 result from an 

OCS f eas i ng decision,  but whether they w i  11 actual ly occur can only be 

known after  the area 1s explored and the o i l ,  i f  any, i s  produced. T h i s  

i s  i n  contrast t o  a deterrn!nistic s i tua t ion  where a particular action 

can be depended upon to produce a specific result. 

In making decisions under risk and ~ncertainty, jt I s  fmportant t o  

understand t h a t  a chaice can have a range of posslble outcomes. 

Generally, a desire t o  maximize the  l i k d i h o o d  o f  the  most favorable 

outcomes must be tempered by the need t o  m i  nimi ze the probabi 1 f ty  of 

high ly  unfavc?able outcomes. The USGS Oflspill Trajectory Analysis 

(OSTA)  Model was designed t o  reflect the  ranye o f  possf b l e  outcomes of 

I easi  ng decll s f  ons by est  i m a t  i ng the probabi 1 i t y  3f occutsrence for each 

discrete outcome. Specifically, it estimates the likelihood t h a t  a 

partfcular  t a rge t  wil l  be contacted by 0, 1, 2, .,, H oflspllls during 

the production l i f e  o f  an OCS lease area. 

T h e  probabi 1 i t y  t h a t ,  if a n  of1  spi 11 occurs a t  a gf ven launch polnt, 



i t  w i  11 contac t  a particul ar target 1 s termed a conditional grobabf 1 f ty. 

Such conditional prsbabi 1 4 t i e s  can be very useful i n  identifying those 

1 aunch pol nt: a t  whi eh an of l s p i  11, i f  it occurs, will pose the highest 

risks t o  various ta rge ts .  fables of conditisna9 probabilities can help 

t h e  anslyst t o  select alte~nati ves thet w i  11 reduce overall PI sk, 

However, conditional probabilities do not Include t h e  p r s b b i l i t y  sf 

o i  l sp i l l  occurPence, A tract t h a t  csntaf ns ISttle or nu nf 1 i s  a small 

risk because, nc matter haw high the conditional probabfllty o f  

contacting a target may be, the small amount o f  o i l  makes i t  unlfkely 

that  an oilspill will occur. Also, conditional prebabilitfes for s p i l l s  

ori g i  nat  ing a t  the  production platforms do pot  necessarily reflect the 

risks of transportation. For these reasons, analysts  w e  eautjoned 

against basjng jndgsents solely upon eonditional prshabfljtfes. 

5umary of the Proposed Action and the Major A t  ternatives 

I 

The proposed act  f on i s  t o  lease 153 tracts on the Outer Cont l nental 

She l f  i n ~ o e b ? I n l e t  and Shellkof Strait .  The study area for t h i s  

ana l ys i s  includes a l l  o f  these tracts and extends from latitude 55 

degrees N t o  61 degre@s N, and from 1 ongftude 147 degrees W t o  357 

degrees W. Thz study area a l s o  includer e x i s t l n g  lease tracts from OCS 

sale CI, held i n  1977, 

Fo r  purpcses of t h f s  analysis, lease tracts are combined i n t o  t r a c t  

groups; t h e  proposed t r a c t  groups are broken into el even subdi v i  s i ~ n s  



and the e x i s t i n g  t r a c t  groups I n t o  f f v e  subdivfsions. The study area and 

the proposed tract groups are shown on a Hercatar p r o j e c t i o n  i n  ff gure 

I. The el~~tlan subdinri s i  ens o f  the proposed tract groups are s h o ~ n  4n 

fjgure 2. The f i v e  %ubdivjsions a f  the exfoting t ~ a e t  groups from OCS 

sale CI are shown i n  figure 3. 

Two deleti on a1 ternati ves are evaluated f n t h i  s report, FOP del et  i GG 

a i $ e r n a t i v ~  A, only proposed tracts In subdlrislons P2, P4, P6, 87, Pa, 

P60, and 812 are considered. Deletion alternative B 4s :?~f!ar  t o  A, 

except that  tracts I n  s~bdirisfon P2 ( n e a ~  Cape Douglasj are not 

cons1 dercd. 

If o j l  is discovered and the ayes i s  developed f o r  productisn, there 

are a number of ways t h a t  d l  n be trans7oded. Po& ble 

t r a n s p r t a t i o n  routes are s h u ~  in ff pure 4. Tn the mst 4ikn:y 

trat~sportatf on scheme, o i l  from Shel kof  Strait ueuld flw an 

sffshgre pipe! ine  (718) t o  a landfa1 1 on the  nortbdestern shore of  

Kodiak Island; t r a n s p ~ r t  orrt o f  Alaska would be by taolter (Pas) from 

Mamot a .  Oil Prcn lower Cook Inlet would be piped ('1"s to T 7 j  t o  a 

t e m f  n a l  near Anchor Point ;  transport out o f  A ?  aska w ~ u l d  be by tanker 

through Kennedy Entrance (T8 to T I 0  and PZO), Three a l ternat ive  

transportation schemes are a1 so eval dated, In transportat1 on 

alternaTSve A, a l l  a i l  would be piped (T I? )  t o  a locatfon north o f  

Anehcr P o i n t ,  then skipped i n  tankers through Kennady Entrance. I n  

transpurtat43n a1 t e ~ n a t ' v s  9, a1 1 of l 4 b ~ l b  be p i ? d  eastward (T16) to e 



F i  g d r e  1 . --Map show! ng The Cook Inlet and She1 i kof Strait OCS $ease s a f e  60 
s t u d y  area and t he  proposed !ease t r a c t  qroups. 



Figu re  2.--Map showing t h e  eleven subdivisions of  t he  proposed lease tract proups 
for Cook I n l l ~ t  and She1 i kof S t r a i t  OCS lease s a l ~  6 0 .  



Figure  3 .--Yap showing t h e  f i v e  subdivisions of the existin:, lease t r a c t  groups I n  
tPf-> study area .  



F j  gum 4 .  -Map show1 ng the transportatf on route segments (TI -T21)  ; polygons 
represent proposed lease tract groupa. 





Sea otter  concentration area A 

Sea otter concentration area B 

Sea otter concentrat ion area C 

Sea otter concentrat ion area D 

Sea otter  concentration area E 

Sea otter  concsntration area F 

Sea otter concentratfon area G 

Sea o t ter  concentration area H 

Red R f v e r  salmon school lng area 

Xarluk R i v e r  salmon schoo?ing area 

Rocky, Alligator, and Grassy Isiands area 

Dark and Sentinel Islands, azd Latax Rocks area 

Barren Is lands  area 

August i ne Is1 and area 

Kiukpal i k and Shakun Is1 ands, and Shakun Rock area 

I 

Because t h e  trajectory mdel simulates an o i l sp i  l l  as a pofn t ,  most 

t s r g e t s  have been gf ven an areal extent sl i g l ~ t l y  greater than they 

actually occupy. Fsr example, some shoreline targets extend a short  

distance offshore; this allows the node? t o  slmulate a spill that 

approaches l a n d ,  makes p a r t f a l  contact ,  w l t h d r a ~ ~ s ,  and continues on I t s  

way. 

To provide a more detailed analysis fo r  l and  a r  land-based targets, 



t h e  model i n c l u d e s  i. f e a t u r e  t h a t  a l l o i s  s u b d i v i d i n g  t h e  c o a s t l i n e  i n t o  

l a n d  segments. F i g u r e  5 shows the  c o a s t l i n e  d i v i d e d  i n t o  96 segments of 

app rox i  fixit, e l  y equal 'Ienpth. 

Es t imated Q u a n t i t y  o f  O i l  Resources 

Cons iderab le  u n c e r t a i n t y  e x i s t s  i n  e s t i m a t i n g  t h e  volume of o i l  t h a t  

w i l l  be d i scove red  and produced as a r e s u l t  of an OCS l e a s e  sale.  There 

i s  a q u e s t i o n  o f  whether o i l s p ' i l l  r i s k  c a l c u l a t i o n s  shou ld  be based upon 

a  s i n g l e  e s t i s a t e  o f  volume, o r  shou ld  cons ide r  volume t o  be a  random 

v a r i a b l e  and i n c l u d e  some p, ~ b c b i l i t y  d i s t r i b u t i o n  t ;P volume i n  

computing o i l s p i l l  occurrence p r o b a b i l i t i e s .  The c h o i c e  say  depend dpon 

how t h e  r e s u l t s  a r e  t o  be i n c o r p o r a t e d  i n t o  a  b e n e f i t / r i  . ana lys i s .  

B e n e f i t s  and r i s k s  (as  w e l l  as many envi ronmental  impacts)  at-e 

f u n c t i o n s  o f  t h e  volume of o i l ,  and a r e  n o t  independent o f  each o ther .  

Grea te r  r isk's a r e  assoc ia ted  w i t h  g r e a t e r  volumes o f  o i l  and g r e a t e r  

economic b e n e f i t s .  I f  b e n e f i t s  a r e  eva lua ted  by  assuming p r o d u c t i o n  of 

a  s p e c i f i c  amount o f  o i l ,  t h e n  t h e  corresponding r i s k s  shou ld  be s t a t e d  

i n  a c o n d i t i o n a l  f a rm such as, " t h e  r i s k s  a r e  ..., g i v e n  t h a t  t h e  volume 

i s  ..." I f  b e n e f i t s  a r e  eva lua ted  f o r  a number o f  d i s c r e t e  volumes, t hen  

r i s k s  shou ld  l i k e w i s e  be c a l c u l a t e d  f o r  the  same volumes. Any statements 

about t h e  l i k e l i h o o d  o f  t h e  presence o f  a  p a r t i c u l a r  volume o f  o i l  app l y  



Figure 5 ,--Yap showing t h c  d i v i s i o n  a f  the Alaskan shore1 jne i n t o  96 segments 
o f  approximately equal length.  



equally well to t h e  1Sksiiheod of the  co~respsnding benefits and rtsks* 

The estjmated oil resources used fcr  oilspi11 risk calculations i n  

this report correspond t o  those used by the Bureau of Land Management 

(BLM) i n  preparing the draft EIS for the area. The assumed volumes o f  

oi l  are 669 million barrels for  the ent i re  sale 60 area, 270 million 

barrels for delet ion alternative A, and 208 millfon barrels for deletion 

a1 ternat i  ve B. It I s  important t o  note that  these assumed volumeo do 

not  account f o r  the probabi7lty t h a t  017 will not be found in some or 

a l l  of the tracts; I n  realfty i t  i s  unlikely t h a t  a l l  o f  these oi l  

resources xi l l be discovered. ( I t  should also  be noted t h a t  the above 

o i l  volumes f o r  deletfan alternatives & and 0 may d i f fe r  by about 10 t o  

15 percent from or i g I  nal resource estimates. The d l  f f crenccs depend 

upon assus-ptions made when the e x i s t i n g  estimates were regrouped t o  

construct the del et lon d l  ternatives. ) 

The assumed volume o f  c i l  for the existing leases was 826 million 

bar,-els. ~ g d ? n ,  i t  i s  emphasized t h a t  it i s  very unlikely t h a t  al l  o f  

these o i l  resources wi l l  be dfscovered. Over the 30-year expected l i f e  

o f  the sale 60 I ~ a s e s ,  BLM estimates t h a t  1,050 millfon barrels of of1  

from o ther  sources w i l l  be transported by tankers through the study 

area.  



Statistical distributions for estimating probabilitjes o f  oilspill 

occurrence were taken Prom Devanney and Stewart (1974) and Stewart 

(19751, and from USGS P i  1 es 04 offshore p l  a t f o m  accidents. Besides the  

fundamental assumption tha t  real i s t i c  estimates of future sp i  11 

frequencies can be based on past OCS experience, use sf these 

d i  stri but  ions requi res the further assumptions t h a t  spf  7 1 s occur 

independently o f  each other (as a Poisson process), and t h a t  sp i l l  rate 

i s  dependent on vol urn of o f  7 prgduced and handl ed. The f 'irst assumption 

-- t h a t  p a s t  spill rates are indicative of future splll rates -- might 

be modified either by assuming a decrease i n  fu%ure s p i l l  rates due t o  

experience and improved standards, or by assum1 ng an increase because sf 

unknawn condl i i  ons ! n new territory, The assumpt l on t h a t  spi  1 1 s occur 

independently o f  each other could be modified by assuming a positive 

correl a t  i on ( j  f a spi 1 1 occurs, condi t 1 snf .  are suck t h a t  more w i  1 1 

follow shortly) or by assuming a negatlve csrrcfation [ i Q  a spfll 

occurs, extra precautions are taken), This analysjs takes t he  middle 

ground between these two assumpt 7 ons by us ng the h i  stor1 c spl l 1 rates. 

The f i n a l  assumption -- t h a t  the s p l l l  rate i s  a f u n c t i o n  o f  the volume 

of  o i l  handled -- might  be modifled on t h e  basis o f  size,  extent,  

frequency, or d u r a t i o n  o f  the handl fng. In the ease o f  tanker transport, 

far example, the number of port  call s and the number of tanker-years 

have been cov~tanpl ated (Stewart, 1976 ; and Stewart and Kennedy, 1978). 

T h i s  analysis uses volume of  o i l  handled, since a l l  other estfmates must 



u1timir.tely bc derfafed from this quantfty. 

S p i l l  frequency firtimates i o r  oilspills greatep than 1,000 barrels in 

sine were ca? cul a t ~ d  for product ion a d  trensportction o f  011 f r ~ m  sale 

60, from sa? @ 61, and for %xi st1 ng t ransportzti on aP ai 1 by tankei-s 

wf  t h i  n the study area" Table 1 shows the expected number o f  s p l ?  1 s and 

the most 1  i kely number eP spf 11s that  w i l l  occur during the expected 

production 11 4e s f  t h e  lease area; Figure 6 shms the probabll i t y  that  

0, 9, 2, . . . , f l  spills w i l l  occur. 

O i l s p i  11 Trajectory Simul atisns - 

The trajectory s:rwlation portion o f  the model consists OF a large 

number o f  hypotheta cal o i  l spf 11 trajectories t h a t  col lest i vely represent 

both the general t ~ e n d  and the variability of winds and currents, and 

which can be described i n  statjstfcal terns. Pne hundred hypothetical 

o i  1 spi  11 traj'ectories were sirnu1 ated i n  Monte-Carlo fashion for each o f  

the four seasogs from 11 potential  o i l s p f l l  l ~ c a t l o n s  i n  the proposed 

lease areas, 5 lucationr In t he  extsting lease areas, and from 21 

I ucat I ons ai ong the t ransportat S on network. Each potent i a? s p i  1 1 source 

was represented as  either a s i n g l e  p o i n t  (e.g., a small por t ion  of the 

lease area), or as  a s t r a i g h t  1 t ne w i t h  the po ten t i a l  spl  Jls uniformly 

d i s t r i b u t ~ d  along the l ine (e.g., a transportation route). 



Table 1. -- Oilspill probability estimates fgr s p f l t s  
greater thy; 1,000 barrel s resul t i  rig from 
OCS 'lease -sale SO, from e x i s t i n g  Federal 
leases, or from e x i s t l n g  o i l  transportation 
by tanktar i n  the Cook Inlet area. 

Expected number Most 1 ike ly  Probabi 1 .l ty 
of spills number o f  of one or 

(mean ) sp i l l s  (mode) mere sp i  11 s 

Sale 60 4.0 4 0.98 

Exfsting leases 5.0 5 0.99 

S a l e  60 + ex is t inq  leases 9.0 9 0,999 

Deletion alternative A 1.6 f 0.80 

Delel Ion alternative A + 
e x i s t i n g  leases 6.6 

I 

De? e t  i on a1 ternat i vg B 1.3 

Deletion alternative 2 + 
exi  s tf ng 1 eases ::. 6.2 

E x i s t i n g  tanker ti dnsportati on 2.0 2 (1.87 

Sale  60, e x t s t i n g  leases, and 
existing tanker transp~rtntion 11.0 





Tc sSmul ate of1 spill movement i n  the  complex w l  nd and current reglme 

of the study area, two trajectory models were mathematical ly 1 Inked. The 

first was a model developed by Dams and Moore (1976; 1979) under the 

BtM Environmental Studies Program, speeif Scal ly  for  the Cook Inlet area. 

This model was used Sn the present study to calculate trajectories 

w i t h i n  the boundaries shown i n  f igure 7 .  Duc t o  the  coastal 

semi-enclosed nature of the study area, t l d a l  forcfng was considered t o  

be a s igni f icant  factor in surface t ransport  behavior, The Danes and 

Moore model was employed because i t had the capability t o  incorporate 

t f dal currents i n  trajectory calculations, The model uses spat f  a1 ly  

dependent determf ni  s t  l e  w i  nd and current patterns to grovlde the driv ing  

force for trajectory movement. f idal currents were represented by 

undi rectional t i d a l  current const f tvents t h a t  were based on hamonf c 

a~alyses  o f  current measurements i n  combination w i t h  results of  a t i d a l  

f l o w  hydrodynamic model. As such, the t i d a l  currents i n the  model 

approximate "average" t tf a1 current vel eci  t i es throughout the study 

area, The nct surf ace c i  rcul a t f  on was represented by w I  n tcr  and sumner 

net iurrent patterns derived from analyses of current measurements, 

pub1 ished 1 iterature, and a prevl  ously devel oped net circulation pattern 

(Dames and Moore, 1979). Wind f i e l d s  f n the area were dcf j  ned by f l v e  

s p a t i a l  Iy dependent fiow patterns and s i x  in tens i ty  factors, The wind 

patterns and 4 ntensi t y  factors  were correlated t o  the 22 barfc  weather 

patterns devel oped by Putni ns (1966). A ratal r~ of approximately 19 

eontisueus years of dai iy  baric weather patterns {Putnlns, P., 

Unpubltshed tabulation o f  daily bar ic  weather types for Alaska  f r o m  



F i gure 7 .  --Hap show i ng the boundaries of the Dames and :loore trajectory mudel. 



January 1, 1945 t o  March 31, 1963, UnIverslty of A1 aska) was converted 

t o  a corresponding wlnd pat tern  and intensity catalogP 

A trajectory was i n i t i a t e d  i n  t h ,  Dames and Moore model by randomly 

sel e c t l  ng a daylmonthlyear w i t  h i  n the desi red season and enter1 ng the 

wf nd pattern and intensi ty  catalog f o r  t h a t  date, The wind f i e l d  was 

then sequenced every 24 hours according t o  the  observed wind catalog. 

The net current pattern for t h a t  season was he1 d constant for the 

duration of the trajectory r?mula t l  on, The t f d a l  current pattern was 

time-dependent wi th  the i n i t i a l  t i d a l  phase incramented 30 degrees for 

each sequent 1 a1 trajectory. The HI nd-f nduced re1 oef ty vector of the 

slick centroid was taken t o  be colinear w l t h  the wind velocity and 

propart l onal to the wf nd speed. The proportional f ty constant wag taken 

t o  be 3 percent, the current-induced velocfty rector o f  the sl i e k  

centroid was equal to the sum o f  the underlying net and tidal curvent 

vel oei ty  vectors. Each trajectory was s f m u l  ated using a 30-ml nute t i ne  

step to update wind and current velocity vectors, The total  set o f  

trajectories Tor the specif led splll  locatfons war transmitted t o  the U. 

S. Geological Survey, Reston, V l r g i n f a ,  on computer compatible tapes. A 

compl ete  description o f  the methodology, f n p u t  data, and concl usions of 

th is  portion o f  the study are presented f n Dames and Moore (1980). 

The second trajectory model was t h e  U, S, Geological Survey Oilspfll 

T r a j e c t o r y  Analysis (OSTA)  model, which was used t o  simulate the 

movement of  any o i l  s p i l l  s moving outside the  boundaries o f  the Dames and 



Moore model. Th i s  was e s s e n t i a l l y  t h e  same model used by Samuels and 

o thers  (1980) f o r  an o i l s p i l l  r i s k  ana lys i s  o f  OCS sa le  46. Kodiak 

Is land.  Representat ions o f  t h e  monthly sur face water  v e l o c i t y  f i e l d  

were based upon data  supp l ied  by t h e  Nat iona l  Oceanic and Atmospheric 

Admi n l  s t c a t  i on through t h e  BLM Envi ronmental Studies Program. Short- term 

pa t te rns  i n  wind v a r i a b i l i t y  were cha rac te r i zed  by a  p r o b a b i l i t y  m a t r i x  

f o r  successive 3-hour v e l o c i t y  t r a n s i t i o n s .  A  f i r s t - o r d e r  Markov 

process 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  compass d i r e c t $ e n s  by f i v e  

wind speed classes, and a  calm c o n d i t i o n )  was assumed. A  wind t r a n s i t i o n  

m a t r i x  was c a l c u l a t e d  f rom t h e  U. S. Heather Serv ice  records from Data 

Buoy EBO-3 ( s t a t i o n  number 46001), l oca ted  about 100 m i les  south o f  

Kodiak Is land.  Surface t r a n s p o r t  of each s imu la ted  o i l  s l i c k  was 

s imulated as a  se r ies  of s t r a i g h t - l i n e  displacements o f  a p o i n t  under 

t.he j o : n t  i n f l u e n c e  o f  winds and cu r ren ts  f o r  a  3-hour perfod. The wind 

t r a n s i t i o n  probabi 1  i t y  m a t r i x  was rsndomly sampled each pe r iod  f o r  a new 

wind speed 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 updated as t h e  

s p i l l  changed l o c a t i o n  o r  t h e  sfmulated month changed. The wind d r i f t  

f a c t o r  was taken t o  be 0.035 w i t h  a  d r i f t  angle o f  20 degrees clockwise. 

The g r i d  system o f  t h e  OSTA model inc luded t h e  e n t i r e  s tudy  ncrn  bh 

a f r  lames and Moore model, and equat ions were der ived t o  r e a d f l y  conver t  

o i l s p i l l  l o c a t i o n s  between t h e  two coord ina te  systems. As t h e  s!mulated 

o i l s p i l l s  were moved w i t h i n  e i t h e r  model, t h e  t r a c k i n g  system o f  t h e  

OSTA model was used t o  record  any contacts w i t h  ta rge ts .  O i l s p i l !  

movement cont inued u n t i l  t h e  s p i l l  h i t  land, moved o f f  t h e  map, o r  aged 





Table 2. -- Probab i l i t i e s  (expressed as p m e n t  chance) t h a t  an a f l s p i l l  s t a r t i n g  
s t  a p a ~ t f c u l a r  l eca t i en  Kl l l  eontecr a ceprain tDrg'2P 
w l t h l n  3 days. 

Land 
Seabird, S.. Apr-Sep 
Seabird. S., Oct-Ucr 
Seabi-J, H., Apr-Sep 
S@ablrd. ti.. k t - M a r  . . 
Sea o t t e r ,  area A 
Sea o t t e r .  are4 B 
sea o t t e r ,  area C 
Sea o t t e r ,  area D 
Sea o t te r ,  arca E 
Sea o t t e r ,  erea F 
Sea o t t e r ,  aPea G 
See o t te r ,  area H 
Rad River s l l nan  
Xer lv t  Rrver salmon 
Rocky, All., Grassy 
Dark. Sent., Latax 
Barren Is l , lnds 
Augurtine Is!and 
Kiukpal ik, Shatun 

Target 

Lana 
Seabtrd, S., Apr-Sep 
Seabird, S., Oct-Her 
Seabird. H., Apr-Sep 
Seabird, H., OGtrMar 
Sea o t t e r ,  area 4 
Sea o t t e r .  arca B 
Sea o t t e r ,  area C 
Sea o t t e r ,  ered D 
Sea o:ter, area E 
Sea o t t e r ,  area F 
Sea o t te r ,  area G 
Sea o t t e r ,  area H 
Red River salrmn 
K ~ P I U ~  River  s a l m n  
Rocky, All., Grassy 
Dark, Sent., La t rx  
Barren Islands 
Augurtine Is land  
Kiukpal lk ,  Shakun 

n n n 
n n l  
7 30 23 
n n n 
n n n 
3 2 n  
1 3 1  

18 7 15 
n 3 7  
5 3 1 

Note: n - less than 0.5 percent. 

?or Cables 2 t o  7: 

Hypothetical S p i l l  LKa t iOn  

P6 P7 P8 P9 PI0 P I1  P12 P13 P14 

n n n n n n n n n  
4 5 1 1 1 n n l n  
2 3 n l n n n n n  
1 2 1 2 l l n n l  
n n n n n n n n n  
6 n n n n n n 1 7 1  

19 32 38 33 29 26 I 8  4 10 
n n n n n n n n n  
n n n n n n n n n  
n l n n n n n n n  
l l n n n n n n n  
6 6 2 3 1 n n l n  
4 15 39 30 25 24 19 10 13 
n n l l n n n n n  

n n n l  
15 n n n 
n 11 10 3 

10 16 39 53 54 38 27 63 
n n n n 3 O  1 n 5 0  
n n a n 3 4  9 n 5 0  

25 6 1 1 1 5 1  19 n 
27 8 1 1  n 5 0 2 9  n 

3 n n n n 1 9 4 n  
n n n n n n n n  
n n n n n 4 n n  
n n  n n 5 7  2 n 3 2  
l n n n n l n 4  
n n n n n n n n  
2 1 n l n 9 2 2 n  
5 2 1 1 n 1 6 2 n  
n n n n n n n n  
n n n n n n n 2 
r, n n n 4 9  n n n 
n n n n i n n n  
n n n n n 7 n n  
8 2 1 1 n 6 6 n  
n n n n l l n 6  

8 4 5  
n n n  
n n n  
n 6 1  
n 8 2  
n l n  
n 3 n  
n 2 n  
n 1 4  
n n n  
n n n 
n n n  
n n n  
n n n  
n n n  
n n n  
n n n 
n 3 1  
n n n  
n n n 

P l  t o  P i 6  are lease t r a c t  groups, 
T1 to T21 are t ranspor ta t ion  routes.  
P16 and 11 and considered as one o i l s p i l l  s t a r t i n g  l oca t i on  for 

purposes o f  t h i s  analysis. 



Table 3, -- Probabfll ttsr (~rrpmrsed ar prcenf chance) that  en sllsp111 starting 
a t  r partIculas I ~ c a % l o n  nllP contact a cedajn tapget  
wf tb f i l  10 days. 

Land 
Sedblrd, 5.. Apt-Sep 
S p a b l M ,  S,, Oct-War 
SeabCrd. H.. Pgr-fep 
Seabird, H,,  Oet-Har 
Sea otter, nrea A 
Sea o t t e r ,  area B 
Sea otter, area C 
Sea otter, are@ D 
Sea otter, ama E 
5es otter ,  area F 
Sea otter, area G 
sea o t t e r ,  area H 
Red Rjver  sslmn 
Ksrllrk R I ver  salrmn 
Rocky, b.1 I., Grassy 
Dark, Sent., L b t b x  
Barren Islands 
A a g ~ ~ t l  nc i 51  dr J 
KlukpalJk, Shakun 

~6 ~3 Pa 

86 90 a5 
5 10 7 

19 17 17 
53 32 9 
50 27 2 
6 1 n 
2 2 1  
7 10 4 

SO 12 10 
2 4 3 
n n n  
11 1 n 
34 40 44 

n n n  

I : : 
1 4  2 
9 11 4 

11 28 40 
3 3 2  

6 6 4 9 8 4 6 4 5  
16 14 54 1 7  13 46 45 
15 19 40 28 7 1 1 
13 20 43 27 0 n n 

n 2 1 E  4 n n  R 
n l l l n n n  

n n n n n n n  

Target f4 '15 ~6 TT TH ~9 r10 TIT n2 n3 n4 f15; f16 TI? 118 n9 RO nz 
Land 
Seabird, S., bpr-Stp 
Seabird, 5.. Oct-Nab- 
S e n b i d ,  F E . ,  bpr-Sep 
Seabird, N., Om-Har 
Sea otter, area 4 
Sea o t t e r ,  area 0 
Sea otter, area C 
Sed o t t e r ,  area D 
Sou a t t e r ,  aPea E 
Sea cttsr, area F 
5eb atter,  area G 
Sod o t t e r ,  are& H 
Red Rrver salmon 
Karluk Rivcr  salmon 
Rocky, A 1  I . ,  Grassy 
D a r k ,  Sent., Latax 
Barrcn l r 1 nnds 
Augustlna Is1 and 
K l  ukpal l k  , Shmkun 

8 t l W W U H  
2 1 9 5 3  
36 23 I8 12 
211 44 20 31 

B 43 20 37 
n 2 3 7  
l l n n  
9 7 7 4  

3 9 1 1  7 8 
5 5 3 1  
n n n n 
n 2 2 3 1  

14 34 31 20 
R n n n 
l n l n  
7 3 1 2  
7 3 1 2  

1 3 8 7 5  
1 1 5  25 14 
3 2 3 1  

11 8 1 50 
1 1  n 1 9  
n n l ~  
1 1 1 1 0  
4 2 53 12 
1 1 3 3  
n n n n  
1 2 n D  

16 16 1 25 
n n n n  
n n l n  
n n 5 0  3 
n n t ~  
1 1  1 1 2  

13 14 n 9 
n n 4 3  

94 18 20 17 
S 1 ) n n n  
5 0 n n n  

n I 8 4  
n 3 1 1  6 
n n 3 Z  
n 1 1 3  5 
n 1 4 4  

3 7 2 2 5  
7 n n n  
n n n n  
n n n n  
n n n n  
n n n n  
4 n n n 
l n n n  
n n n n 
n 1 5 5  
n n n n  

I O n n n  

Note: n = l e s s  than 0.5 perccnt, 



Table 4. -- Pwbabflftler {expresrod as pereant ehsnee) that  an o i l sb i l l  strptfng 
at  a puptlcular lecstion #!I1 contact a certain targat  
wrtnln 30 days .  

Land 
Seebi rd, S., Rpr-Sgp 
Seabtrd, S., k t - # a t =  
Seabf r d ,  H., Apt. Ssp 
Seablrd, H., Oet-Mar 
Sea otter, araa A 
Sea atter, urea B 
Sea otter, arca C 
Sea otter, ar@a I3 
Tca btte?, arsa E 
Sea otter ,  area F 
Sea otter, erea G 
Sea ot ter ,  area  # 
Red Rtver salnsn 
Kaf Iuk Rlver salmn 
R ~ c k y .  A1 l . ,  Grassy 
Dark, Sent., L a t a x  
Borten Is1 finds 
Augusl ine \;I and 
Klukpa14ki Shakun 

99 99 99 99 
5 10 7 7 

19 17 17 20 
SO 32 9 17 
LO 27 2 11 

7 2 1 1  
4 3 1 2  
9 2 3  4 7 

11 13 I0 11 
2 5 4 5  
n n n n  

1 1 1 n n  
36 40 44 39 

- .  
99 98 
5 8 8 4 0  
16 18 l a  45 
40 28 8 1 
44 22 8 t i  
1 3 5 n n  
2 2 1 n  
4 3 3 1 

16 12 8 26 
4 4  2 1 1  
~ n n n  

2 0 3 n n  
25 34 27 3 

n n n n  

Land 
Seabird ,  S., Apr-S~p 
SeaPIPcl, S., Oct-Har 
Seabl rd, P., Apr-Sep 
Swbfrd,  H., Od-Mar 
Sea otter, area A 
Sea otter, area B 
Sea otter, erea C 
See ut ter ,  area D 
5ea otter, dtea E 
sea ut ter ,  arca F 
Sea o t t e r ,  area G 
Sen otter, aped H 
Red River salmon 
Karluk Rlver salmn 
Ifocky, A l l . ,  Grassy 
Dark ,  Sent. ,  Larax 
Barren Is1 ands 
bugustine is1 and 
KIuLpal lk ,  Shakun 

QC 36 37 37 
50 n n n 
5 0 n n n  
1 4 9 6  
n 4 12 8 
n 1 4  3 
a 4 1 0  0 
n 3 5 6  

7 7 2 2 7  
7 n n n  
? 3 1 2  
n n n n  
n l n n  
n r n n  
4 n n n  
l n n n  
n l 1 1  
n 4 6 7  
n l n n  

? U n n n  

Mate: n = less than 0.5 percent. 
** greater than 99.5 percent. 
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project and f o r  de! et i an a1 t e r n a t  f ves A and 0 ,  and for t ransportatl on 

alternatives A, 8, and C. Tables 14 t o  19 show sirnflar probabflftfes 

f o r  1 and segments, On?y the impact of federal o i  1 and gas leasing i s  

shown i n  tables 8 to 19. Tables o f  probabil i t ! e s  t h a t  show the effects 

o f  existing o i l  transportatfon combined w f t h  e x j s t i n g  and proposed 

l e a s i n g  are  presented i n  appendix 0, 

The overall probabilities arg a l so  shown graphically i n  appendices 8 

and C ,  Figures B - 1  t o  0-7 are histograms which show probabf 11 t f  es o f  I ,  

2 ,  .. . N spil l s sccu~rlng and contactfng the targets wlthln periods o f  

3 ,  10, and 30 days. (Only targets w i t h  more than a 5-percent 

p r o b a b i l i t y  of 2 o r  more oilspill ccn tac t s  are shown.) Figures C-1 t o  

C-6 indicate, by mans of clrcles superimposed on maps o f  the toast1  i ne, 

the probahilfties of one o r  more spi?ls  occurrfng and cantacting land 

segmni: w f  t h i n  3 ,  10, and 30 days, f o r  the propoc2d leasing actlon and 

a l l  alternatives. I 

Dlscusslon of Results - 

The o i l  s p i  1 l r i  sks a s s o c i a t e d  w i t h  OCS sale 60 general l y  reflect t h e  

proximity of thc l e a s e  t r ac t  groups t o  the coast1 i n e  and the var3ous 

targets, L ~ n d  segments on both s l d e s  o f  Shellkof Straft  have the 

h i g h e s t  probability of b e i n g  contacted by an o l l s p l l l  t h a t  has weathered 

iecs t h a ~  3 clays, a s  i s  shown i n  t a b l e  14. Other land segments subject 



t o  risks o f  e o n t ~ t  by an oflspill t h a t  has weathered less than 3 days 

inc lude  the Barren I s lands ,  AugustSne I s l a n d ,  and Anchor P o i n t .  The ma! n 

risk t o  Anchor Point arlses from the tanker terminal  and the  

trar~sportation ac t i v i t y  i n  t h a t  area. Nearly every l a n d  segment w f  t h i n  

the study area has a t  least  a small probabf 1 i t y  o f  belng contacted by an 

of 1 spi l I t h a t  has weathered less than 30 days, !ndicati ng a very 1  arge 

number of possf b le  sf lspf 11 trajectorf es, A1 though w~st  rf sks are 

concentrated 3n the 1 and segments mnti oned above, this wide scat ter lng 

cou ld  make r t  difficult t o  p l a n  oilspill cleanup ac t iv f t ies  i n  advance. 

Among t b e  targets m o s t  11 ke ly  t o  suffer o i l  s p l l  f contacts are seabird 

nest ing  colonf cs. Consjderl  ng contact by o i  1 spf 11 s weathered up to 30 

days, t h e  tracts p r o p ~ s e d  f o r  sal c 60 wsuTd aqfect ,  primarily, t h e  

southern seabird habitats ,  whi I e the s x i s t i n g  tr?c:S W S U ~ ~  affect the 

northern area.  The combined r e s u l t s  show that each Area i s  nearly a t  

equal r? sk. I 

R i s k s  t o  sea o t t e r s  generally corresponded t o  risks lo l a n d  segments, 

The I o c a t I o n s  o f  sea ot te r  caficentratlon areas A to H are shown i n  

f i g u r e  A.2.  Sea ot ter  concentrat ion a rea$  D (Afognak Island, Shuyak 

Island, and northwest Kodiak I s l a n d ) ,  H (Rugustine I s l a n d ) ,  and G 

(Anchor P o i n t )  have  the highest  rl sks. Concentration area E (northwest 

She1 i k o f  Strait j probably also h a s  a high risk per  u n i t  area, but  t h i s  

i s  masked by a smaller s i z e  t h a n  the  other concentration areas. 

Concentration areas A ,  E, and F have l i t t l e  likelihood o f  k i n g  



contacted by an o f 1  s p l l l  t h a t  has weathered less thzn 3 days. 

One t a rge t  whjch suffers almost no r i s k  i s  t h e  Red R i v e r  Salmon 

schooling area. Its location below Cape I k o l i k ,  off t h e  southwestern 
I 

c o a s t  o f  Kodi ak Is? and (see f i g w e  A.31, makes contact by an o i  1 sp i  1 'I 

from sale 60 unlikely. 

Both deletion a l t e r n a t i v e s  A and B s f  gnifjcantly reduce rf sks to land 

i n  general, the southern seabird foraging area, and sea o t t e r  

concent ra t ion  area D. P a r t  of t h i s  reductinn In r i s k  i s  the result 04 

reducl ng the assumed volume o f  o i  1, and (by assumptions made i n  t h l  s 

study) the consequent probabi 1 i ty  of  oi I spi l l s occurring. Howeue~, a 

detailed analysis of t he  condi t ional  probabilities revea ls  t ha t  the 

tracts deleted i n  a l t e r n a t i v e s  A and B also pose the most rt sk per 

b a r r e l  o f  oil. In other words, these n r e t h e  t r a c t s w h e r e ,  if an 

oilspill occurs, i t  f s nost 1 i k e l y  t o  contact the above t a r g e t s .  

I t  is useful to compare the prcbabflitles of spills occurring and 

c o n t a c t i n g  targets over the oxpected productfon l i f e  of t h e  proposed 

1 ease area w f  t h  t he  total risks from the proposed leases, exis:lng 

leases,  and e x i s t l n g  tanker  tmnspcrtation. In thls nay the  cumulative 

ef fec t  o f  adding t h e  proposed t r a c t s  t o  the study area may be examined. 

A s  seen i n  appendix t a b l e  D-1, such cumulative effects substantially 

increase the r i s k  t o  certaln targets, For example, the nor thern  seablrd 

foragivcj  area f s  shorrn t o  % r e  a 33-35 percent chance of being h f t  



w i t h i n  3 days by one o r  more s p i l l s  f r o m  the proposed tracts. The 

cumul a t 1  ve effect o f  such l e a s i n g  raises the  probabil i ty  t o  93 percent, 

however. Other targets  sub jec t  t o  higlr sumlrlative r i sks  are sea o t t e r  

areas G and H, and Barren and dugustine Islands. 

The risks of sale 60 should a l s o  be considered i n  relatlon t o  the  

rSsks o f  o t h e r  OCS lease sales i n  the Gulf of Alasks. Samuel s and others 

(1980) analyzed t h e  r i s k s  f rom sale 46, Kodiak Is land,  and concluded 

t h a t  most r i s k s  from sale 46 leases were to the eastern s i d e  t d  Eodiak 

Island. (Note: sale46 was reqently renumbered as sale 61.) This 

analysis has shown that, sale 60 poses l j t t ' t e  r f s k  t o  t i le  eastern slde o f  

Kodiak I s land .  Therefore, i t  can be concluded t h a t  t h e r e  are fen direct 

cumula t ive  e f f e c t s  from t h e  two sales. Rather, the e f f e c t  Is t h a t  of 

extendf ng the r i s k s  t o  a larger area. LanPear and others (1979) studied 

oilspjl; risks from sales 55 and 39 (Northern Gulf of Alaska ) ,  and 

concluded t h h t  there was little possfbflfty of these s a l e s  affectfng t h e  

Cook Inlet and Kodiak Is1 and area. 
.. 

Concl us i ons 

This analysis indicates t h a t  OCS lease sale 60 will resu l t  i n  an 

expected 4.0 oilspills occurring i n  the Cook Inlet - Shelikof Strafr 

a rea .  The probability t h a t  one o r  mcre o!lspllls will occur and contact  

l a n d  w i t h i n  3 t j y s  i s  0.77; f o r  contacts w f t h l n  30 days, the 



probability increases t o  0.96. Risks t o  land are most concentrated on 

both sldes o f  She1 ikof  S t r a i t ,  on t h e  Barren Islands,  on Augustlne 

Island, and near  Anchor Point,  There I s  l j t t l e  cumulat!re e f f e c t  of 

risks f rom sale  60 and those of sales 45, 55 or 39. 
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TARGET ABIRD FORAGING AREA SOUTH 
JCTOBER - MARC3 
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NUMBER OF CONTACTS WlfHW 3 DAYS 

WU#BTR OF COKTACTS WITHIN tB DAYS 
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1.ar:; s a i e  fJ0. 
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oLlr;;8 : 11s o c c u r r i n g  and c o n t a c t i n g  s e a b i r d  fnraait~s area north, 
Apr  i 1- -September ,  as e result o f  [I{ t h e  proposzd l a c i n g  action, 

!I delction a l t e r n a t i v e  A ,  and 3 delecion alternative 6 Ear 
IN::; Sale  60.  
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ci'~pil1s o c c u r r i n g  and contacting sea otter c@ncentracion 
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for  OCS Sale  60 .  
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Figure D-7.  --Hi.stosrams hawing the probabi l i t ies  of spec i f ic  numbers of 
cl i l spi l l s  and contacting sea o t t e r  cor.centraLion 
area H ns a result of (I) tho proposed lesstng action, 
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