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APPENDIX A1: THE INFORMATION, MODELS
AND ASSUMPTIONS WE USE TO ANALYZE
THE EFFECTS OF OIL SPILLS IN THIS EIS

We analyze oil spills and their relative impact to environmental, economic, and sociocultural resource areas and
the coastline that could result from offshore oil exploration and development in the Beaufort Sea Planning Area.
Predicting an oil spill is an exercise in probability. Uncertainty exists regarding the location, number, and size
of oil spills and wind, ice, and current conditions at the time of a spill. Although some of the uncertainty
reflects incomplete or imperfect data, a considerable amount of uncertainty exists simply because it is difficult
to predict events 15-40 years into the future.

We make assumptions to analyze the effects of oil spills. To judge the effect of an oil spill, we estimate
information regarding the type of oil, the source of an oil spill, the location and size of a spill, the chemistry of
the oil, how the oil will weather, how long it will remain, and where it will go. We describe the rationale for
these assumptions in the following subsections. The rationale for these assumptions is a mixture of project-
specific information, modeling results, statistical analysis, and professional judgment. Based on these
assumptions, we assume a spill occurs and then analyze its effects. After we analyze the effects of an oil spill,
we consider the chance of an oil spill ever occurring.

A. Estimates of the Source, Type, and Size of Oil Spills

Table IV.A-5 shows the source of a spill(s), type of oil, size of spill(s) in barrels, and the receiving environment
we assume in our analysis of the effects of oil spills in this EIS for the Proposal and Alternatives and other
analyses. The sources of spills are generically divided into platform or pipeline. The type of oil used in this
analysis is Alaska North Slope crude. We divide spills into three sizes—small, large, and very large spills.
Small spills are those less than 1,000 barrels. Large spills are greater than or equal to 1,000 barrels, and very
large spills are greater than or equal to 150,000 barrels. Table IV.A-5 shows the EIS section where we analyze
the effects of a large, small, and very large spill.

A.1. Source and Spill-Size Assumptions

The spill assumptions we use for large spills are based on the historic spill sizes from production in the Gulf of
Mexico Outer Continental Shelf (OCS) and what we believe is likely to occur. We estimate the likely large
spill size based on the median spill size in the Gulf of Mexico. Small spills are based on the historic spill sizes
from production on the onshore Alaska North Slope.

A141



A.1.a Historical Crude Oil Spills Greater than or Equal to 1,000 Barrels
on the Outer Continental Shelf

The Gulf of Mexico OCS data show that the most likely location of a spill is from a pipeline or a platform. The
median size of a crude oil spill greater than or equal to 1,000 barrels from a pipeline from 1985-1999 on the
outer continental shelf is 4,600 barrels, and the average is 6,700 barrels (Anderson and LaBelle, 2000). The
median spill size for a platform on the outer continental shelf over the entire record from 1964-1999 based on
trend analysis is 1,500 barrels, and the average is 3,300 barrels (Anderson and LaBelle, 2000). For purposes of
analysis we use the median spill size as the likely spill size.

A.1.b Historical Crude Oil Spills from Blowouts

We consider blowouts to be unlikely events. Blowout events are often equated with catastrophic spills;
however, in actuality very few blowout events have resulted in spilled oil, and the volumes spilled are often
small. Since 1998, three blowouts on the OCS have resulted in oil spills with the amount of oil spilled ranging
from <1 bbl to 200 bbl. There are no spills >1,000 bbl from blowouts in the last 30 years on the OCS.

The record for Alaska North Slope blowouts is not validated, but is presented as the best available information.
There are two written reports regarding blowouts on the Alaska North Slope, Mallory (1998) and Fairweather
(2000). Fairweather (2000) found 10 blowouts, 6 that Mallory had identified and 4 prior to 1974. Of the 10
blowouts, 9 were gas and 1 was oil. The blowout of oil in 1950 was unspectacular and could not have been
avoided, as there were no casings of blowout preventors available (Fairweather, 2000). These drilling practices
from 1950 would not be relevant today. A third study confirmed that no crude oil spills greater than or equal to
100 barrels from blowouts occurred from 1985-1999 (Hart Crowser, Inc., 2000). A recent report titled Blowout
Frequency Assessment of Northstar (Scanpower, 2001) uses statistical blowout frequencies modified to reflect
specific field conditions and operative systems at Northstar. This report concludes that the blowout frequency
for drilling the oil-bearing zone is 1.5 x 10 ~° per well drilled. This compares to a statistical blowout frequency
of 7.4 X 10 ~* per well (for an average development well). This same report estimates that the frequency of oil
quantities per well drilled for Northstar for a spill greater than 130,000 barrels is 9.4 X 107 per well.

However unlikely a blowout may be, because it is a significant concern to the public, we analyze the effects of
an 180,000-barrel spill in Section IV.I, Low Probability, Very Large Oil Spill.

B. Behavior and Fate of Crude Oils

Several processes alter the chemical and physical characteristics and toxicity of spilled oil. Collectively, these
processes are referred to as weathering or aging of the oil and, along with the physical oceanography and
meteorology, the weathering processes determine the oil’s fate. The major oil-weathering processes are
spreading, evaporation, dispersion, dissolution, emulsification, microbial degradation, photochemical oxidation,
and sedimentation to the seafloor or stranding on the shoreline (Payne et al., 1987; Boehm, 1987; Lehr, 2001).

The physical properties of a crude oil spill, the environment it occurs in, and the source and rate of the spill will
affect how an oil spill behaves and weathers. Table Al-1 shows the properties of Alaska North Slope crude oil.

The environment in which a spill occurs, such as the water surface or subsurface, spring ice-overflow, summer
open-water, winter under ice, or winter broken ice, will affect how the spill behaves. In ice-covered waters,
many of the same weathering processes are in effect; however, the sea ice changes the rates and relative
importance of these processes (Payne, McNabb, and Clayton, 1991).

Oil spills spread less in cold water than in temperate water because of the increased oil viscosity. This property
will reduce spreading. An oil spill in broken ice would spread less and would spread between icefloes into any
gaps greater than about 8-15 centimeters (Free, Cox, and Shultz, 1982).

An oil spill under ice would follow this sequence: (1) the oil will rise to the under-ice surface and spread
laterally, accumulating in the under ice cavities (Glaeser and Vance 1971; NORCOR, 1975; Martin, 1979;
Comfort et al., 1983). (2) For spills that occur when the ice sheet is still growing, the pooled oil will be
encapsulated in the growing ice sheet NORCOR, 1975; Keevisl and Ramseier, 1975; Buist and Dickens, 1983;
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Comfort et al., 1983). (3) In the spring as the ice begins to deteriorate, the encapsulated oil will rise to the
surface through brine channels in the ice NORCOR, 1975; Purves, 1978; Martin, 1979; Kisil, 1981; Dickins
and Buist, 1981; Comfort et al., 1983). The spread of oil under the landfast ice may be affected by the presence
of currents, if the magnitudes of those currents are large enough. A field study near Cape Parry in the
Northwest Territories reported currents up to 10 centimeters per second were present. This current was
insufficient to strip oil from under the ice sheet after the oil had ceased to spread (NORCOR, 1975). Laboratory
tests have shown that currents in excess of 15-25 centimeters per second are required to strip oil from under-ice
depressions (Cammaert, 1980; Cox et al., 1980). Current speeds in the nearshore Beaufort generally are less
than 10 centimeters per second during the winter (Weingartner and Okkonen 2001). The area of contamination
for oil under ice could increase if the ice were to move. Because the nearshore Beaufort is in the landfast ice
area, the spread of oil due to ice movement would not be anticipated until spring breakup.

The lower the temperature, the less crude oil evaporates. Both Prudhoe Bay and Endicott crudes have
experimentally followed this pattern (Fingas, 1996). Oil between or on icefloes is subject to normal
evaporation. Oil that is frozen into the underside of ice is unlikely to undergo any evaporation until its release
in spring. In spring as the ice sheet deteriorates, the encapsulated oil will rise to the surface through brine
channels in the ice. As oil is released to the surface, evaporation will occur.

Dispersion of oil spills occurs from wind, waves, currents, or ice. Any waves within the ice pack tend to pump
oil onto the ice. Some additional oil dispersion occurs in dense, broken ice through floe-grinding action. More
viscous and/or weathered crudes may adhere to porous icefloes, essentially concentrating oil within the floe
field and limiting the oil dispersion.

Alaska North Slope crude oil will readily emulsify to form stable emulsions. Emulsification of some crude oils
is increased in the presence of ice. With floe grinding, Prudhoe Bay crude forms a mousse within a few hours,
an order of magnitude more rapidly than in open water.

— —— e ——————— ——

B.1. Assumptions About Oil Weathering

The crude oil properties will be similar to Alaska North Slope crude.

The size of the spill is 1,500 or 4,600 barrels.

The wind, wave, and temperature conditions are as described.

Meltout spills occur into 50% ice cover.

The properties predicted by the model are those of the thick part of the slick.
The spill occurs as an instantaneous spill over a short period of time.

Uncertainties exist, such as:

¢ the actual size of the oil spill or spills, should they occur;

e  whether the spill is instantaneous or chronic

e wind, current, wave, and ice conditions at the time of a possible oil spill; and
¢ the crude oil properties at the time of a possible spill.

B.2. Modeling Simulations of Oil Weathering

To judge the effect of an oil spill, we estimate information regarding how much oil evaporates, how much oil is
dispersed, and how much oil remains after a certain time period. We derive the weathering estimates of Alaska
North Slope crude oil and arctic diesel from modeling results from the SINTEF Oil Weathering Model Version
1.8 (Reed et al., 2000) for up to 30 days.

Tables IV.A-6a and 6b show the results for Alaska North Slope crude oil spills using the SINTEF model. The
SINTEF OWM changes both oil properties and physical properties of the oil. The oil properties include
density, viscosity, pour point, flash point, and water content. The physical processes include spreading,
evaporation, oil-in-water dispersion, and water uptake. The SINTEF OWM Version 1.8 performs a 30-day time
horizon on the model-weathering calculations, but with a warning that the model is not verified against
experimental field data for more than 4 - 5 days. The SINTEF OWM has been tested extensively with results
from three full-scale field trials of experimental oil spills (Daling and Strom, 1999).
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The SINTEF OWM does not incorporate the effects of the following:
currents;

beaching;

containment;

photo-oxidation;

microbiological degradation;

adsorption to particles; and

encapsulation by ice.

The Alaska North Slope crude oil spill sizes are 1,500 and 4,600 barrels. We simulate two general scenarios:
one in which the oil spills into open water and one in which the oil freezes into the ice and melts out into 50%
ice cover. We assume open water is July through September, and a winter spill melts out in July. For open
water, we model the weathering of the 1,500 and 4,200-barrel spills as if they are instantaneous spills. For the
meltout spill scenario, we model the entire spill volume as an instantaneous spill. Although different amounts
of oil could melt out at different times, the MMS took the conservative approach, which was to assume all the
oil was released at the same time. We report the results at the end of 1, 3, 10, and 30 days.

Tables IV A.6a and 6b summarize the results we assume for the fate and behavior of Alaska North Slope crude
oil and diesel oil in our analysis of the effects of oil on environmental and social resources.

C. Estimates of Where an Offshore Oil Spill May Go |

We study how and where large offshore spills move by using a computer model called the Oil-Spill-Risk
Analysis model (Smith et al., 1982). By large, we mean spills greater than or equal to 1,000 barrels. This
model analyzes the likely paths of oil spills in relation to biological, physical, and social resources. The model
uses information about the physical environment, including files of wind, ice, and current data. It also uses the
locations of environmental resource areas, barrier islands, and the coast that might be contacted by a spill.

C.1. Inputs to the Oil-Spill-Trajectory Model

Study area

Seasons

Location of the coastline

Location of environmental resource areas

Location of land segments

Location of boundary segments

Location of hypothetical spill boxes

Location of hypothetical pipelines and transportation assumptions
Current and ice information from two general circulation models
Wind information

® @ 6 o & o o o o o

C.1.a Study Area and Boundary Segments

Map A-1 shows the Beaufort multiple-sale oil-spill-trajectory study area extends from latitude 68° N. to 74° N.
and from long. 134° W. to 176° W. The study area is formed by 38 boundary segments and the Chukchi and
Beaufort Sea coastline. The boundary segments are vulnerable to spills in both summer and winter. We chose
a study area large enough to contain the paths of 2,700 oil spills each through as long as 360 days.

C.1.b Seasons

We define three time periods for the trajectory analysis of oil spills. The first is from July through Septé?mber
and represents open water or arctic summer. We ran 675 trajectories in the arctic summer. The second is from
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October through June and represents ice cover or arctic winter. We also ran 2,025 trajectories in the arctic
winter. The last is annual which is from January to December and represents the entire year. We ran
2,700 trajectories total.

C.1.c' Locations of Environmental Resource Areas

Maps A-2a. A-2b, A-2¢, and A-2d show the location of 88 environmental resource areas, which represent
concentrations of wildlife, subsistence-hunting areas, and subsurface habitats. Our analysts designate these
environmental resource areas. The analysts also designate in which months these environmental resource areas
are vulnerable to spills. The names or abbreviations of the environmental resource areas and the months in
which they are vulnerable to spills are shown in Table A1-2. We also include Land as an additional
environmental resource areca. Land is the entire study area coastline.

CAid Locafion of Land Segments

Land was further analyzed by dividing the Beaufort Sea coastline into 66 land segments. Maps A-3a and A-3b
show the location of these 66 land segments. Land segments are vulnerable to spills in both summer and
winter. The model defines summer as July through September and winter from October through June.

C.1.e Location of Proposed and Alternative Hypothetical Spill Areas and
Pipeline Segments

Map A-4a shows the location of the 18 hypothetical spill boxes and 13 pipelines the sites where large oil spills
would originate, if they were to occur. There are 735 spill points evenly spread over the 18 hypothetical spill
boxes and 13 pipeline segments. Hypothetical spills were started at the 735 spill points and 13 pipeline
segments. With the exception of the Northstar pipeline, landfall locations were chosen based on educated
guesses. For example the Liberty pipeline was chosen as a landfall. Since that time the project has been
canceled.

Map A-4b shows the location of the alternatives to indicate where spill areas and pipelines would be removed.
It also shows the location of the near, medium and far zones. Table Al1-3 shows the transportation assumptions
for the spill areas and their associated pipelines.

Table A1-4 shows how the pipelines and spill boxes relate to the near, medium and far scenarios and each
alternative for each sale. For Sales 186, 195, and 202 Alternative I we assume no oil spills occur during
exploration activities. Development/production activities for Sale 186 are not expected to occur in the in the
far/deepwater zone, so there would be no spill from spill boxes or pipeline segments in this zone (LA1-LAS,
LA11,LA13-LA16, LA18, P1, P5, P6, and P8). Development/production activities for Sale 195 are not
expected to occur in the in the far/deepwater zone, so there would be no spill from launch areas or pipeline
segments in this zone (LA1-LAS, LA11, LA13-LA16,LA18, P1, P5, P6, and P8).

One development/production project is expected to occur in the far/deepwater zone for Sale 202. No
development/production projects are expected in the near/shallow zone or the mid-range/medium depth zone so
there would be no spill from spill boxes LA and LA10.

CAf Current and Ice Information from a General Circulation Model

For the Beaufort multiple sale, we use two general circulation models to simulate currents (Ucyrrent) 0F ice (Uice)
depending upon whether the location is nearshore or offshore.

C.1.f(1) Offshore

Offshore of the 10- to 20-meter bathymetry contour, the wind-driven and density-induced ocean-flow fields and
the ice-motion fields are simulated using a three-dimensional coupled ice-ocean hydrodynamic model
(Haidvogel, Hedstrom, and Francis, 2001). The model is based on the ocean model of Haidvogel, Wilkin, and
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Young (1991) and the ice models of Hibler (1979) and Mellor and Kantha (1989). This model simulates flow
properties and sea ice evolution in the western Arctic during the years 1982-1996. The coupled system uses the
S-Coordinate Rutgers University Model (SCRUM) and Hibler viscous-plastic dynamics and the Mellor and
Kantha thermodynamics. It is forced by daily surface geostrophic winds and monthly thermodynamic forces.
The model is forced by thermal fields for the years 1982-1996. The thermal fields are interpolated in time from
monthly fields. The location of each trajectory at each time interval is used to select the appropriate ice -
concentration. The pack ice is simulated as it grows and melts. The edge of the pack ice is represented on the
model grid. Depending on the ice concentration, either the ice or water velocity with wind drift from the stored
results of the Haidvogel, Hedstrom and Francis (2001) coupled ice-ocean model is used. A major assumption
used in this analysis is that the ice-motion velocities and the ocean daily flows calculated by the coupled ice-
ocean model adequately represent the flow components. Comparisons with data illustrate that the model
captures the first-order transport and the dominant flow (Haidvogel, Hedstrom, and Francis, 2001).

C.1.f(2) Nearshore

Inshore of the 10- to 20-meter bathymetry contour, Uy, is simulated using a two-dimensional hydrodynamic
model developed by the National Oceanic and Atmospheric Administration (NOAA) (Galt, 1980, Galt and
Payton, 1981). This model does not have an ice component. In this model, we added an ice mask within the 0-
meter and 10- to 20-meter water-depth contours to simulate the observed shorefast-ice zone. We apply the
mask from November 1-June 15 in the Beaufort and December 1 to May 1 in selected areas of the Chukchi.
Ui is zero for the months November through June or January to May. The two-dimensional model
incorporates the barrier islands in additional to the coastline. The model of the shallow water is based on the
wind forcing and the continuity equation. The model was originally developed to simulate wind-driven
shallow-water dynamics in lagoons and shallow coastal areas with a complex shoreline. The solutions are
determined by a finite element model where the primary balance is between wind forcing friction, pressure
gradients, coriolis accelerations, and bottom friction. Time dependencies are considered small, and the solution
is determined by iteration of the velocity and sea level equations, until the balanced solution is calculated. The
wind is the primary forcing function, and a sea level boundary condition of no anomaly produced by the
particular wind stress is applied far offshore, at the northern boundary of the oil spill trajectory analysis domain.
An example of the currents simulated by this model for a 10-meter-per-second wind is shown in Figure A-1.

The results of the model were compared to current meter data from the Endicott Environmental Monitoring
Program to determine whether the model was simulating the first-order transport and the dominant flow. The
model simulation was similar to the current meter velocities during summer. Example time series from 1985
show the current flow at Endicott Station ED1 for the U (east-west) and V (north-south) components, plotted on
the same axis with the current derived from the National Oceanographic and Atmospheric Administration
model for U and V (Der-U and Der-V). The series show many events that coincide in time, and that the
currents derived from the National Oceanic and Atmospheric Administration model are generally in good
correspondence with the measured currents. Some of the events in the measured currents are not particularly
well represented, and that probably is due to forcing of the current by something other than wind, such as low
frequency alongshore wave motions.

C.1.g Wind Information

We use 15 of the 17-year reanalysis of the wind fields provided to us by Rutgers. The TIROS Operational
Vertical Sounder (TOVS) has flown on NOAA polar-orbiting satellites since 1978. Available from July 7,
1979, through December 31, 1996, and stored in Hierarchical Data Format, the TOVS Pathfinder (Path-P)
dataset provides observations of areas poleward of lat. 60° N. at a resolution of approximately 100 x 100
kilometers. The TOVS Path-P data were obtained using a modified version of the Improved Initialization
Inversion Algorithm (3I) (Chedin et al., 1985), a physical-statistical retrieval method improved for use in
identifying geophysical variables in snow- and ice-covered areas (Francis, 1994). Designed to address the
particular needs of the polar research community, the dataset is centered on the North Pole and has been gridded
using an equal-area azimuthal projection, a version of the Equal-Area Scalable Earth-Grid (EASE-Grid)
(Armstrong and Brodzik, 1995).

Preparation of a basin-wide set of surface-forcing fields for the years 1980 through 1996 has been completed
(Francis, 1999). Improved atmospheric forcing fields were obtained by using the bulk boundary-layer
stratification derived from the TOVS temperature profiles to correct the 10-meter level geostrophic winds
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computed from the National Center for Environmental Prediction Reanalysis surface pressure fields. These
winds are compared to observations from field experiments and coastal stations in the Arctic Basin and have an
accuracy of approximately 10% in magnitude and 20 degrees in direction.

C.1.h  Oil-Spill Scenario

For purposes of this trajectory simulation, all spills occur instantaneously. For each trajectory simulation, the
start time for the first trajectory was the first day of the season (summer or winter) of the first year of wind data
(1982) at 6 a.m. Greenwich Mean Time. We launch particles every 2 days (on average) for each of the 15 years
of wind.

C.2. Oil-Spill-Trajectory Model Assumptions

Oil spills occur in the hypothetical spill areas or along pipeline segments.

Companies transport the produced oil through pipelines.

An oil spill reaches the water.

An oil spill encapsulated in the fast ice does not move until the ice moves or it melts out.

Oil spills occur and move without consideration of weathering. The oil spills are simulated each as a point

with no mass or volume. The weathering of the oil is estimated in the stand-alone SINTEF OWM model.

*  Oil spills occur and move without any cleanup. The model does not simulate cleanup scenarios. The oil-
spill trajectories move as though no booms, skimmers, or any other response action is taken.

¢ Oil spills stop when they contact the mainland coastline, but not the barrier islands in Steffanson Sound.

Uncertainties exist, such as:

the actual size of the oil spill or spills, should they occur;

whether the spill reaches the water;

whether the spill is instantaneous or a long-term leak;

the wind, current, and ice conditions at the time of a possible oil spill;
how effective cleanup is;

the characteristics of crude oil at the time of the spill;

how Alaska North Slope crude oil will spread; and

whether or not production occurs.

C.3. Oil-Spill-Trajectory Simulation

The trajectory simulation portion of the model consists of many hypothetical oil-spill trajectories that
collectively represent the mean surface transport and the variability of the surface transport as a function of time
and space. The trajectories represent the Lagrangian motion that a particle on the surface might take under
given wind, ice, and ocean current conditions. Multiple trajectories are simulated to give a statistical
representation, over time and space, of possible transport under the range of wind, ice, and ocean current
conditions that exist in the area.

Trajectories are constructed from simulations of wind-driven and density-induced ocean flow fields, and the
ice-motion field. The basic approach is to simulate these time and spatially dependent currents separately, then
combine them through linear superposition to produce an oil-transport vector. This vector is then used to create
a trajectory. Simulations are performed for three seasons: winter (October-June), summer (July-September)
and annual (January —December). The choice of this seasonal division was based on meteorological,
climatological, and biological cycles and consultation with Alaska Region analysts.

For cases where the ice concentration is below 80%, each trajectory is constructed using vector addition of the
ocean current field and 3.5% of the instantancous wind field—a method based on work done by Huang and
Monastero (1982), Smith et al. (1982), and Stolzenbach et al. (1977). For cases where the ice concentration is
80% or greater, the model ice velocity is used to transport the oil. Equations 1 and 2 show the components of
motion that are simulated and used to describe the oil transport for each spillete:
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1 Usit = Usurrent + 0.035 Uying
or

2 Usit = Usce
where:

U,y = oil drift vector

Uturrens = current vector (when ice concentration is less than 80%)

Uying = wind speed at 10 meters above the sea surface

Ui = ice vector (when ice concentration is greater than or equal to 80%)

The wind drift factor was estimated to be 0.035, with a variable drift angle ranging from 0° to 25° clockwise.
The drift angle was computed as a function of wind speed according to the formula in Samuels, Huang, and
Amstutz (1982). (The drift angle is inversely related to wind speed.) The trajectories age while they are in the
water and/or on the ice. For each day that the hypothetical spill is in the water, the spill ages—up to a total of
360 days. While the spill is in the ice (greater than or equal to 80% concentration), the aging process is
suspended. The maximum time allowed for the transport of oil in the ice is 360 days, after which the trajectory
is terminated. When in open water, the trajectory ages to a maximum of 30 days.

e ————— —

C.4. Results of the Oil-Spill-Trajectory Model

C.4.a Conditional Probabilities: Definition and Application

The chance that an oil spill will contact a specific environmental resource area or land or boundary segment
within a given time of travel from a certain location or spill site is termed a conditional probability. The
condition is that we assume a spill occurs. Conditional probabilities assume a spill has occurred and the
transport of the spilled oil depends only on the winds, ice, and ocean currents in the study area.

For the Beaufort multiple sale, we estimate conditional probabilities of contact within 1, 3, 10, 30, 60, 180 or
360 days during summer. Summer spills are spills that begin in July through September. Therefore, if any
contact to an environmental resource area or land segment is made by a trajectory that began before the end of
September, it is considered a summer contact and is counted along with the rest of the contacts from spills
launched in the summer. We also estimate the conditional probability of contact from spills that start in winter,
freeze into the landfast ice and meltout in the spring. We estimate contacts from these spills for 1, 3, 10, 30, 60,
180 or 360 days. Winter spills are spills that begin in October through June melt out of the ice and contact
during the open-water period. Therefore, if any contact to an environmental resource area or land segment is
made by a trajectory that began by the end of June, it is considered a winter contact and is counted along with
the rest of the contacts from spills launched in the winter.

C.4b Conditional Probabilities: Results

The chance of a spill contacting is taken from the oil-spill trajectory model results summarized below and listed
in Tables A2-1 through A2-54.

C.4.b(1) Comparisons Between Spill Location and Season

The primary differences of contact between spill locations are geographic in the perspective of west to east and
nearshore versus offshore. Offshore spill locations take longer to contact the coast and nearshore environmental
resource area, if contact occurs at all. Winter spill contact to nearshore and coastal resources is less often and to
a lesser extent due to the landfast ice in place from October to June.

C.4.b(2) Generalities Through Time

3 Days: During summer offshore spill, boxes 1, 7,9, 11, 13, 14, and 16 have less than a 0.5 percent chance of
contacting individual land segments within 3 days. Nearshore spill boxes have a less than 0.5 to 6 percent

A1-8



chance of contacting individual land segments. Pipeline segments have a less than 0.5 to 14 percent chance of
contacting individual land segments. Contacts to land segments from pipeline spills are highest where the
pipeline comes ashore.

During summer offshore spill, boxes 1 through 18 have a less than 0.5 to 46 percent chance of contacting
individual environmental resource areas. Spill boxes adjacent to or on top of environmental resource areas have
the highest percent chance of contact. Pipeline segments 1 through 13 have a less than 0.5 to greater than

99.5 percent chance of contact to individual environmental resource areas.

During winter spill, boxes 1, 3, 5, 7, and 9 through 17 have less than a 0.5 percent chance of contacting
individual land segments within 3 days. Nearshore spill boxes 2, 4, 6, 8 and 18 have a less than 0.5 to 1 percent
chance of contacting individual land segments. Pipeline segments have a less than 0.5 to 5 percent chance of
contacting individual land segments.

During winter offshore spill, boxes 1 through 18 have a less than 0.5 to 46 percent chance of contacting
individual environmental resource areas. Spill boxes adjacent to or on top of environmental resource areas have
the highest percent chance of contact. Pipeline segments 1 through 13 have a less than 0.5 to greater than

99.5 percent chance of contact to individual environmental resource areas.

10 Days: During summer offshore spill, box 14 has less than a 0.5 percent chance and spill boxes 9, 11, and 13
have a less than 0.5 to 1 percent chance of contacting individual land segments within 10 days... The other spill
boxes have a less than 0.5 to 13 percent chance of contacting individual land segments. Pipeline segments have
a less than 0.5 to 18 percent chance of contacting individual land segments. Contacts to land segments from
pipeline spills are highest where the pipeline comes ashore.

During summer offshore spill, boxes 1 through 18 have a less than 0.5 to 60 percent chance of contacting
individual environmental resource areas. Spill boxes adjacent to or on top of environmental resource areas have
the highest percent chance of contact. Pipeline segments 1 through 13 have a less than 0.5 to greater than

99.5 percent chance of contact to individual environmental resource areas.

During winter offshore spill, boxes 3, 9, 11, 13, 14, 15, and 16 have less than a 0.5 percent chance of contacting
individual land segments within 10 days. Other spill boxes have a less than 0.5 to 2 percent chance of
contacting individual land segments. Pipeline segments have a less than 0.5 to 6 percent chance of contacting
individual land segments.

During winter offshore spill, boxes 1 through 18 have a less than 0.5 to greater than 59 percent chance of
contacting individual environmental resource areas. Spill boxes adjacent to or on top of environmental resource
areas have the highest percent chance of contact. Pipeline segments 1 through 13 have a less than 0.5 to greater
than 99.5 percent chance of contact to individual environmental resource areas.

30 Days: During summer spill, boxes have a less than 0.5 to 17 percent chance of contacting individual land
segments within 30 days. Pipeline segments have a less than 0.5 to 21 percent chance of contacting individual
land segments. Contacts to land segments from pipeline spills are highest where the pipeline comes ashore.

During summer offshore spill, boxes 1 through 18 have a less than 0.5 to 66 percent chance of contacting
individual environmental resource areas. Spill boxes adjacent to or on top of environmental resource areas have
the highest percent chance of contact. Pipeline segments 1 through 13 have a less than 0.5 to greater than

99.5 percent chance of contact to individual environmental resource areas.

During winter offshore spill, boxes 11, 13, and 14 have less than a 0.5 percent chance of contacting individual
land segments within 30 days. Other spill boxes have a less than 0.5 to 4 percent chance of contacting
individual land segments. Pipeline segments have a less than 0.5 to 6 percent chance of contacting individual
land segments.

During winter offshore spill, boxes 1 through 18 have a less than 0.5 to greater than 62 percent chance of
contacting individual environmental resource areas. Spill boxes adjacent to or on top of environmental resource
areas have the highest percent chance of contact. Pipeline segments 1 through 13 have a less than 0.5 to greater
than 99.5 percent chance of contact to individual environmental resource areas.
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D. Oil Spill Risk Analysis

A measure of oil spill impact is determined by looking at the chance of a spill occurring and then contacting a
resource of concern. This analysis helps determine the relative spill occurrence and contact associated with oil
and gas production in different regions of the proposed area. Combined probabilities are estimated using the
conditional probabilities, the historical oil-spill rates, the resource estimates, and the assumed transportation
scenarios. These are combined through matrix multiplication to estimate the mean number of spills occurring
and contacting.

D.1. Chance of a Spill Occurring

The chance of a spill occurring is derived from two components: (1) the spill rate and (2) the resource volume
estimates.

D.1.a Spill Rates

We derive the spill rates from a modeling study done by the Bercha Group (in press). This study examined
alternative oil spill occurrence estimators for the Beaufort and Chukchi Seas using a fault tree method. During
the Liberty Development final EIS stakeholders expressed concern regarding the application of historical data
from the Gulf of Mexico to the Beaufort OCS. For the Liberty Development final EIS, historical oil spill data
was gathered from a multitude of sources. Various causes of spills were looked at in relation to their relevance
to Arctic conditions. A preliminary assessment was made regarding the contribution of Arctic versus non-
Arctic conditions. Because sufficient historical data on offshore oil spills for these regions do not exist for the
Arctic on 0il spill occurrence a model based on fault tree methodology was developed and applied for this
Beaufort multiple sale (Bercha Group, in press). Using fault trees, oil spill data from the Gulf of Mexico were
modified and incremented to represent expected Arctic performance.

D.1.a(1) Limitations of Input Data

The Arctic effects include modifications in causes associated with the historical data set as well as additions of
spill causes unique to the Arctic environment. Quantification of existing causes for the Arctic was done in a
relatively cursory way restricted to engineering judgment. A reproducible but relatively elementary analysis of
gouging and scour effects was carried out. Upheaval buckling and thaw settlement effect assessments were
included on the basis of professional judgment; no engineering analysis was carried out for the assessment of
frequencies to be expected for these effects. No Arctic effects were estimated for the wells, which were
considered to blowout with frequencies the same as those for the Gulf of Mexico. The existing MMS data bases
on pipeline mileage were used as they stand with all their inherent inaccuracies.

D.1.a(2) Results for Spill Rates

Based on the Bercha Group (in press) fault tree analysis for Sale 186 the MMS calculates the spill rates as
follows:

Platforms 0.13 spills per billion barrels produced
Pipelines 0.10 spills per billion barrels produced

D.1.b  Resource Volume Estimates
The resource volume estimates are discussed in terms of an opportunity index in Appendix B.
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D.1.c Transportation Assumptions

Appendix A, Section C, Estimates of Where an Offshore Qil Spill May Go, discusses the transportation
assumptions for the spill boxes and their associated pipelines.

D.1.d Results for the Chance of a Spill Occurring

Using the above spill rates, Table A2-5 shows the chance of one or more spills occurring for the proposal and
alternatives. For the proposal alternatives we estimate 0.04 to 0.05 pipeline spills and 0.05 to 0.06 platform
(&wells) spills. The chance of one or more pipeline spills is 4 to 5% and the chance of one or more platform
spills is 5 to 6%. The chance of one or more spills total is 8 to 10 %.

D.2. Chance of a Spill Contacting

The chance of a spill contacting is taken from the oil-spill trajectory model results summarized above in
Section C.4.b and listed in Tables A2-1 through A2-54.

D.3. Resuits of the Oil Spill Risk Analysis: Combined Probabilities

Tables A2-55 through A2-72 show the annual combined probabilities for the proposal and the alternatives. For
the most part, the chance of one or more spills occurring and contacting resources and land segments is less than
0.5%. The relative risk from the proposal and alternatives is that we do not expect oil spills to occur and
contact resources or coastline. Because the combined probabilities are so low it is difficult to distinguish
differences between the proposal and alternatives based on combined probabilities.

E. Small Oil Spills

Small spills are spills that are less than 1,000 barrels. We analyze the effects of small spills in Section IV.B.
We consider two types of small spills — crude and refined oils.

We us the Alaska North Slope record of small spills because the spill rate is significantly less than the Gulf of
Mexico OCS small spill rate. The OCS rate of crude and refined small spills is approximately 3,460 spills per
billion barrels and the North Slope rate is approximately 618 spills per billion barrels. We expect the same
companies and regulators to participate offshore in the Beaufort Sea as those that now currently operate on the
onshore Alaska North Slope. We believe it is reasonable to assume that the rate in the Beaufort Sea will be
similar to the rate on the Alaska North Slope.

The analysis of operational small oil spills uses historical oil-spill databases and simple statistical methods to
derive general information about small crude and refined oil spills that occur on the Alaska North Slope. This
information includes estimates of how often a spill occurs for every billion barrels of oil produced (oil-spill
rates), the mean (average) number of oil spills, and the mean and median size of oil spills from facilities,
pipelines, and flowlines combined. We then use this information to estimate the number, size, and distribution
of operational small spills that may occur from the Beaufort multiple sale. The analysis of operational small oil
spills considers the entire production life of the Beaufort multiple sale and assumes:

e commercial quantities of hydrocarbons are present in the multiple sale Program Area, and

e these hydrocarbons will be developed and produced at the estimated resource levels.

Uncertainties exist, such as
e the estimates required for the assumed resource levels, or
e the actual size of a crude- or refined-oil spill.

We use the history of crude and refined oil spills reported to the State of Alaska, Department of Environmental
Conservation and the Joint Pipeline Office to determine crude- and refined-oil spill rates and patterns from
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Alaska North Slope oil and gas exploration and development activities for spills greater than or equal to 1
gallon and less than 1,000 barrels. Refined oil includes aviation fuel, diesel fuel, engine lube, fuel oil, gasoline,
grease, hydraulic oil, transformer oil, and transmission oil. The Alaska North Slope oil-spill analysis includes
onshore oil and gas exploration and development spills from the Point Thompson Unit, Badami Unit, Kuparuk
River Unit, Milne Point Unit, Prudhoe Bay West Operating Area, Prudhoe Bay East Operating Area, and Duck
Island Unit.

The Alaska North Slope oil-spill database of all spills greater than or equal to 1 gallon is from the State of
Alaska, Department of Environmental Conservation. Qil-spill information is provided to the State of Alaska,
Department of Environmental Conservation by private industry according to the State of Alaska Regulations 18
AAC75. The totals are based on initial spill reports and may not contain updated information. The State of
Alaska, Department of Environmental Conservation database integrity is most reliable for the period 1989 and
after due to increased scrutiny after the Exxon Valdez oil spill (Volt, 1997, pers. commun.). For this analysis,
the database integrity cannot be validated thoroughly. However, we use this information, because it is the only
information available to us about small spills. For this analysis, the State of Alaska, Department of
Environmental Conservation database is spot checked against spill records from ARCO Alaska, Inc. and British
Petroleum, Inc. All spills greater than or equal to 1 gallon are included in the dataset. We use the time period
January 1989-December 2000 in this analysis of small oil spills for the Beaufort Multiple Sale.

A simple analysis of operational small oil spills is performed. Alaska North Slope oil-spill rates are estimated
without regard to differentiating operation processes. The State of Alaska, Department of Environmental
Conservation, database base structure does not facilitate quantitative analysis of Alaska North Slope oil-spill
rates separately for platforms, pipelines, or flowlines.

E.1. Results for Small Operational Crude Oil Spills

The analysis of Alaska North Slope crude oil spills is performed collectively for all facilities, pipelines, and
flowlines. The pattern of crude oil spills on the Alaska North Slope is one of numerous small spills. Of the
crude oil spills that occurred between 1989 and 2000, 31% were less than or equal to 2 gallons; 55% were less
than or equal to 5 gallons. Ninety-eight percent of the crude oil spills were less than 25 barrels and 99% were
less than 60 barrels. The spill sizes in the database range from less than 1 gallon to 925 barrels. The average
crude oil-spill size on the Alaska North Slope is 2.7 barrels, and the median spill size is 5 gallons. For purposes
of analysis, this EIS assumes an average crude oil-spill size of 3 barrels.

Table Al-6a shows the estimated crude oil-spill rate for the Alaska North Slope is 178 spills per billion barrels
produced. Table A1-6b shows the assumed number, size, and total volume of small spills for the proposal and
alternative. Table Al-6¢ shows the assumed size distribution of those spills for the proposal and alternatives.

The causes of Alaska North Slope crude oil spills, in decreasing order of occurrence by frequency, are leaks,
faulty valve/gauges, vent discharges, faulty connections, ruptured lines, seal failures, human error, and
explosions. The cause of approximately 30% of the spills is unknown.

E.2. Results for Small Operational Refined Oil Spills

The typical refined products spilled are aviation fuel, diesel fuel, engine lube, fuel oil, gasoline, grease,
hydraulic oil, transformer oil, and transmission oil. Diesel spills are 58% of refined oil spills by frequency and
83% by volume. Engine lube oil spills are 10% by frequency and 3% by volume. Hydraulic oil is 26% by
frequency and 10% by volume. All other categories are less than 1% by frequency and volume. Refined oil
spills occur in conjunction with oil exploration and production. The refined oil spills correlate to the volume of
Alaska North Slope crude oil produced. As production of crude oil has declined, so has the number of refined
oil spills. Table A1-6d shows that from January 1989-December 2000, the spill rate for refined oil is 440 spills
per billion barrels produced. Table Al-6e shows the assumed refined oil spills during the lifetime of the
proposal and alternatives.
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Table A1-3 Assumptions About How Launch Areas Are Serviced by Pipelines for the Oil-Spill-Trajectory
Analysis

Spill Boxes Serviced by Pipelines
LAO1 & LAO2 P1to P8
LAO3 P2 to P8
LAO4 P8

LAOS & LAO6 P2to P9
LAO7 P3to P10
LAO8 P9

LAO9 P4 to P10
LA10 P10

LA11 P5 to P11
LA12 P12
LA13 P5 to P12
LA14 P6 to P12
LA15 P13
LA16, LA17 & LA18 P7to P13

Table A1-4 Launch Area and Pipeline Segment Exclusions by Sale Scenario for Production and
Development

Sale 186/195
Alternative | LA1-LAG, LA11, LA13, LA14, LA16, LA18, P1, P2, P5, P6, P8, P11
Alternative Il LA1-LAB, LA11, LA13, LA14, LA16, LA18, P1, P2, P5, P8, P8, P11
Alternative IV LA1-LAB, LA11, LA13, LA14, LA16, LA18, P1, P2, P5, P6, P8, P11
Alternative V LA1-LAB, LA11, LA13, LA14, LA16, LA18, P1, P2, P5, P6, P8, P11
Alternative VI LA1-LAG, LA11, LA13, LA14, LA16, LA18, P1, P2, P5, P6, P8, P11

Alternative lll, IV, V and VI, are the same as Alternative I.

Note: Where the majority (280%) of the spill points were removed from the spill area based on the scenario the spill area was
excluded even if a small portion (<20%) of the spill area could be leased.

Sale 202
Alternative | -LAS8, LA10
Alternative Il LA8, LA10
Alternative IV LAS8, LA10
Alternative V LAS, LA10
Alternative VI LAS8, LA10

Alternatives IV, V and VI, are the same as Alternative I.
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Table A1-5 Estimated Percent Chance of One or More Platform, Pipeline and Total Spills for Alternative |

(Sales 186, 195 and 202) and Their Alternatives

Percent Chance Percent Chance | Percent Chance
Alternative of One or More of One or More of One or More
Platform Spills Pipeline Spills Spills Total
1 Alternative | 6 5 10
I ; NoSale 0 0 0
Il | Barrow Subsistence Whale Deferral 6 5 10
IV | Nuigsut Subsistence Whale Deferral 6 4 10
V | Kaktovik Subsistence Whale Deferral 6 5 10
VI | Eastern Deferral 6 5 10

Table A1-6a - A1-6e Small Spills Greater than or Equal to 1 Gallon and Less than 1,000 Barrels
Table A1-6a Small Crude-Oil Spills: Estimated Spill Rates for the Alaska North Slope

Small Crude-Oil Spills <500 barrels, 1898-2000

Total Volume of Spills

135,127 gallons

3,217 barrels ,
Total Number of Spills 1,178 spills Source: USDOI, MMS, Alaska OCS
Region, 2002.
Average Spill Size 2.7 barrels Oil-spill databases are from the ADEC,

Production (Crude Oil)

6.6 billion barrels

Spill Rate

178 spills/billion barrels of crude oil
produced

Anchorage, Juneau, and Fairbanks.
Alaska North Slope production data are
derived from the TAPS throughput data
from Alyeska Pipeline.

Small Crude-Oil Spills

> 500 barrels and <1,000, 1985-2000

Total Volume of Spills

]

171,150 gallons

4,075 barrels
Total Number of Spills 6 Source: USDOI, MMS, Alaska OCS
Region, 2002.
Average Spill Size 680 barrels Oil-spill databases are from the ADEC,

Production (Crude Oil)

9.36 billion barrels

Spill Rate

0.64 spills/billion barrels of crude oil
produced

Anchorage, Juneau, and Fairbanks. BP
Alaska Inc. and Arco. Alaska North
Slope production data are derived from
the TAPS throughput data from Alyeska
Pipeline.
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Table A1-6b Small Crude-Oil Spills: Assumed Spills over the Production Life of the Beaufort Multiple-

Sale
Sales 186, 195, Assumed Small Crude-0il Spills <500 barrels
and 202 Resources Spill Rate  ;Assumed Spill!  Estimated Estimated Total
Alternative (Bbbl)’ (Spills/Bbbl) Size (bbl) Number of Spills| Spill Volume (bbl)
] 0.46 178 3 82 246
It 0 178 3 0 0
I 0.456 178 3 81 243
v 0.436 178 3 78 234
\' 0.447 178 3 80 240
Vi 0.446 178 3 79 237
Alternative Assumed Small Crude-Oil Spills > 500 and <1,000 barrels
| 0.46 0.64 680 0.29 0
] 0 0.64 680 0 0
i 0.456 0.64 680 0.29 0
v 0.436 0.64 680 0.28 0
\ 0.447 0.64 680 0.29 0
Vi 0.446 0.64 680 0.29 0

Source: USDOI, MMS, Alaska OCS Region (2002).
Notes: 'The estimation of oil spills is based on the estimated resources.

Table A1-6¢c Small Crude-Oil Spills: Assumed Size Distribution over the Production Life of the Beaufort

Multiple-Sale
Size? Alternative | Alternative | Alternative ; Alternative | Alternative | Alternative
| n ] v \" A/

1 galion 16 0 15 15 15 15
>1 and <5 gallons 29 0 28 27 28 28
>5 gallons and <1 bbl 16 0 17 16 16 16
Total <1 bbl 61 0 60 58 59 59
21 bbl and <bbl 5 17 0 17 16 17 16
>5 and <25 bbl 3 0 3 3 3 3
> 25 and <500 bbl 1 0 1 1 1 1
>500 and <1,000 bbl 0 0 0 0 0 0
Total >1 and <1,000bbl 21 0 21 20 21 20
Total Volume (bbl) 246 0 243 234 240 237

Source: USDOI, MMS, Alaska OCS Region (2002).

Notes:

! Estimated number of spills is rounded to the nearest whole number.
2 Spill-size distribution is aliocated by multiplying the total estimated number of spills by the fraction of spills in that size

category from the ADEC

database.

A17




Table A1-6d Small Refined-Oil Spills: Estimated Spill Rate for the Alaska North Slope, 1989-2000

Total Volume of Spills

94,195 galions

: 2,243 barrels
Total Number of Spills 2,915 spills
Average Spill Size 0.7 barrels

Production (Crude Oil)

6.6 billion barrels

Spill Rate

440 spills/billion barrels of crude oil produced

Source: USDOI, MMS, Alaska OCS Region (2002).

Table A1-6e Small Refined-Oil Spills: Assumed Spills over the Production Life of the Beaufort Multiple-

Sale

Salea?“1’82%; 9, Resource Range Spill Rate Average Spill :z:‘r:::e:f Estimated Total \
Alternative (Bbbit) (Spilis/ Bbbl) Size (bbl) Spills’ Spill Volume (bbl)

[ 0.46 440 0.7 (29 gal) 202 141

I 0 440 0.7 (29 gal) 0 0

n 0.456 440 0.7 (29 gal) 201 141

v 0.436 440 0.7 (29 gal) 192 134

\Y 0.447 440 0.7 (29 gal) 197 138

Vi 0.446 440 0.7 (29 gal) 197 138

Source: USDOI, MMS, Alaska OCS Region (2002).
! The fractional estimated mean spill number and volume is rounded to the nearest whole number.
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APPENDIX A2

SUPPORTING TABLES FOR THE OSRA APPENDIX




OIL SPILL RISK ANALYSIS CONDITIONAL AND COMBINED PROBABILITIES TABLE LIST

Table A2-1 Annual Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting at
a Particular Location Will Contact a Certain Environmental Resource Area Within 3 Days, Beaufort
Multiple-Sale

Table A2-2 Annual Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting at
a Particular Location Will Contact a Certain Environmental Resource Area Within 10 Days, Beaufort
Multiple-Sale

Table A2-3 Annual Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting at
a Particular Location Will Contact a Certain Environmental Resource Area Within 30 Days, Beaufort
Multiple-Sale

Table A2-4 Annual Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting at
a Particular Location Will Contact a Certain Environmental Resource Area Within 60 Days, Beaufort
Multiple-Sale

Table A2-5 Annual Conditional Probabilities (Expressed as Percent Chance) that an Qil Spill Starting at
a Particular Location Will Contact a Certain Environmental Resource Area Within 180 Days, Beaufort
Multiple-Sale

Table A2-6 Annual Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting at
a Particular Location Will Contact a Certain Environmental Resource Area Within 360 Days, Beaufort
Multiple-Sale

Table A2-7 Annual Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting at
a Particular Location Will Contact a Certain Land Segment Within 3 Days, Beaufort Multiple-Sale

Table A2-8 Annual Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting at
a Particular Location Will Contact a Certain Land Segment Within 10 Days, Beaufort Multiple-Sale.

Table A2-9 Annual Conditional Probabilities (Expressed as Percent Chance) that an Qil Spill Starting at
a Particular Location Will Contact a Certain Land Segment Within 30 Days, Beaufort Multiple-Sale

Table A2-10 Annual Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting
at a Particular Location Will Contact a Certain Land Segment Within 60 Days, Beaufort Multiple-Sale

Table A2-11 Annual Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting
at a Particular Location Will Contact a Certain Land Segment Within 180 Days, Beaufort Multiple-Sale

Table A2-12 Annual Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting
at a Particular Location Will Contact a Certain Land Segment Within 360 Days, Beaufort Multiple-Sale.

Table A2-13 Annual Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting
at a Particular Location Will Contact a Certain Boundary Segment Within 3 Days, Beaufort Multiple-
Sale

Table A2-14 Annual Conditional Probabilities (Expressed as Percent Chance) that an Qil Spill Starting
at a Particular Location Will Contact a Certain Boundary Segment Within 10 Days, Beaufort Multiple-
Sale

Table A2-15 Annual Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting
at a Particular Location Will Contact a Certain Boundary Segment Within 30 Days, Beaufort Multiple-
Sale

Table A2-16 Annual Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting
at a Particular Location Will Contact a Certain Boundary Segment Within 60 Days, Beaufort Multiple-
Sale ,

Table A2-17 Annual Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting
at a Particular Location Will Contact a Certain Boundary Segment Within 180 Days, Beaufort Multiple-
Sale



Table A2-18 Annual Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting
at a Particular Location Will Contact a Certain Boundary Segment Within 360 Days, Beaufort Multiple-
Sale

Table A2-19 Summer Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting
at a Particular Location Will Contact a Certain Environmental Resource Area Within 3 Days, Beaufort
Multiple-Sale

Table A2-20 Summer Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting
at a Particular Location Will Contact a Certain Environmental Resource Area Within 10 Days, Beaufort
Multiple-Sale

Table A2-21 Summer Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting
at a Particular Location Will Contact a Certain Environmental Resource Area Within 30 Days, Beaufort
Multiple-Sale

Table A2-22 Summer Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting
at a Particular Location Will Contact a Certain Environmental Resource Area Within 60 Days, Beaufort
Multiple-Sale :

Table A2-23 Summer Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting
at a Particular Location Will Contact a Certain Environmental Resource Area Within 180 Days,
Beaufort Multiple-Sale.

Table A2-24 Summer Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting
at a Particular Location Will Contact a Certain Environmental Resource Area Within 360 Days,
Beaufort Multiple-Sale

Table A2-25 Summer Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting
at a Particular Location Will Contact a Certain Land Segment Within 3 Days, Beaufort Multiple-Sale

Table A2-26 Summer Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting
at a Particular Location Will Contact a Certain Land Segment Within 10 Days, Beaufort Multiple-Sale

Table A2-27 Summer Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting
at a Particular Location Will Contact a Certain Land Segment Within 30 Days, Beaufort Multiple-Sale

Table A2-28 Summer Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting
at a Particular Location Will Contact a Certain Land Segment Within 60 Days, Beaufort Multiple-Sale

Table A2-29 Summer Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting
at a Particular Location Will Contact a Certain Land Segment Within 180 Days, Beaufort Multiple-Sale

Table A2-30 Summer Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting
at a Particular Location Will Contact a Certain Land Segment Within 360 Days, Beaufort Multiple-Sale.

Table A2-31 Summer Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting
at a Particular Location Will Contact a Certain Boundary Segment Within 3 Days, Beaufort Multiple-
Sale

Table A2-32 Summer Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting
at a Particular Location Will Contact a Certain Boundary Segment Within 10 Days, Beaufort Multiple-
Sale )

Table A2-33 Summer Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting
at a Particular Location Will Contact a Certain Boundary Segment Within 30 Days, Beaufort Multiple-
Sale

Table A2-34 Summer Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting
at a Particular Location Will Contact a Certain Boundary Segment Within 60 Days, Beaufort Multiple-
Sale

Table A2-35 Summer Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting
at a Particular Location Will Contact a Certain Boundary Segment Within 180 Days, Beaufort Multiple-
Sale



Table A2-36 Summer Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting
at a Particular Location Will Contact a Certain Boundary Segment Within 360 Days, Beaufort Multiple-
Sale

Table A2-37 Winter Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting at
a Particular Location Will Contact a Certain Environmental Resource Area Within 3 Days, Beaufort
Multiple-Sale

Table A2-38 Winter Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting at
a Particular Location Will Contact a Certain Environmental Resource Area Within 10 Days, Beaufort
Multiple-Sale

Table A2-39 Winter Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting at
a Particular Location Will Contact a Certain Environmental Resource Area Within 30 Days, Beaufort
Multiple-Sale

Table A2-40 Winter Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting at
a Particular Location Will Contact a Certain Environmental Resource Area Within 60 Days, Beaufort
Multiple-Sale

Table A2-41 Winter Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting at
a Particular Location Will Contact a Certain Environmental Resource Area Within 180 Days, Beaufort
Multiple-Sale

Table A2-42 Winter Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting at
a Particular Location Will Contact a Certain Environmental Resource Area Within 360 Days, Beaufort
Multiple-Sale

Table A2-43 Winter Conditional Probabilities (Expressed as Percent Chance) that an Qil Spill Starting at
a Particular Location Will Contact a Certain Land Segment Within 3 Days, Beaufort Multiple-Sale

Table A2-44 Winter Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting at
a Particular Location Will Contact a Certain Land Segment Within 10 Days, Beaufort Multiple-Sale.

Table A2-45 Winter Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting at
a Particular Location Will Contact a Certain Land Segment Within 30 Days, Beaufort Multiple-Sale

Table A2-46 Winter Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting at
a Particular Location Will Contact a Certain Land Segment Within 60 Days, Beaufort Multiple-Sale

Table A2-47 Winter Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting at
a Particular Location Will Contact a Certain Land Segment Within 180 Days, Beaufort Multiple-Sale

Table A2-48 Winter Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting at
a Particular Location Will Contact a Certain Land Segment Within 360 Days, Beaufort Muitiple-Sale

Table A2-49 Winter Conditional Probabilities (Expressed as Percent Chance) that an QOil Spill Starting at
a Particular Location Will Contact a Certain Boundary Segment Within 3 Days, Beaufort Multiple-Sale

Table A2-50 Winter Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting
at a Particular Location Will Contact a Certain Boundary Segment Within 10 Days, Beaufort Multiple-
Sale

Table A2-51 Winter Conditional Probabilities (Expressed as Percent Chance) that an Qil Spill Starting
at a Particular Location Will Contact a Certain Boundary Segment Within 30 Days, Beaufort Multiple-
Sale

Table A2-52 Winter Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting
at a Particular Location Will Contact a Certain Boundary Segment Within 60 Days, Beaufort Multiple-
Sale

Table A2-53 Winter Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting at
a Particular Location Will Contact a Certain Boundary Segment Within 180 Days, Beaufort Multiple-
Sale



Table A2-54 Winter Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting at
a Particular Location Will Contact a Certain Boundary Segment Within 360 Days, Beaufort Multiple-
Sale

Table A2-55 Combined Probabilities (Expressed as Percent Chance) of one or More Spills Greater than
or Equal te 1,000 Barrels, and the Estimated Number of Spills (Mean), Occurring and Contacting a
Certain Environmental Resource over the Assumed Production Life of the Lease Area Within 3 Days,
Beaufort Multiple-Sale

Table A2-56 Combined Probabilities (Expressed as Percent Chance) of one or More Spills Greater than
or Equal to 1,000 Barrels, and the Estimated Number of Spills (Mean), Occurring and Contacting a
Certain Environmental Resource over the Assumed Production Life of the Lease Area Within 10 Days,
Beaufort Multiple-Sale

Table A2-57 Combined Probabilities (Expressed as Percent Chance) of one or More Spills Greater than
or Equal to 1,000 Barrels, and the Estimated Number of Spills (Mean), Occurring and Contacting a
Certain Environmental Resource over the Assumed Production Life of the Lease Area Within 30 Days,
Beaufort Multiple-Sale

Table A2-58 Combined Probabilities (Expressed as Percent Chance) of one or More Spills Greater than
or Equal to 1,000 Barrels, and the Estimated Number of Spills (Mean), Occurring and Contacting a
Certain Environmental Resource over the Assumed Production Life of the Lease Area Within 60 Days,
Beaufort Multiple-Sale

Table A2-59 Combined Probabilities (Expressed as Percent Chance) of one or More Spills Greater than
or Equal to 1,000 Barrels, and the Estimated Number of Spills (Mean), Occurring and Contacting a
Certain Environmental Resource Area over the Assumed Production Life of the Lease Area Within

180 Days, Beaufort Multiple-Sale

Table A2-60 Combined Probabilities (Expressed as Percent Chance) of one or More Spills Greater than
or Equal to 1,000 Barrels, and the Estimated Number of Spills (Mean), Occurring and Contacting a
Certain Environmental Resource Area over the Assumed Production Life of the Lease Area Within
360 Days, Beaufort Multiple-Sale

Table A2-61 Combined Probabilities (Expressed as Percent Chance) of one or More Spills Greater than
or Equal to 1,000 Barrels, and the Estimated Number of Spills (Mean), Occurring and Contacting a
Certain Land Segment over the Assumed Production Life of the Lease Area Within 3 Days, Beaufort
Multiple-Sale

Table A2-62 Combined Probabilities (Expressed as Percent Chance) of one or More Spills Greater than
or Equal to 1,000 Barrels, and the Estimated Number of Spills (Mean), Occurring and Contacting a
Certain Land Segment over the Assumed Production Life of the Lease Area Within 10 Days, Beaufort
Multiple-Sale

Table A2-63 Combined Probabilities (Expressed as Percent Chance) of one or More Spills Greater than
or Equal to 1,000 Barrels, and the Estimated Number of Spills (Mean), Occurring and Contacting a
Certain Land Segment over the Assumed Production Life of the Lease Area Within 30 Days, Beaufort
Multiple-Sale

Table A2-64 Combined Probabilities (Expressed as Percent Chance) of one or More Spills Greater than
or Equal to 1,000 Barrels, and the Estimated Number of Spills (Mean), Occurring and Contacting a
Certain Land Segment over the Assumed Production Life of the Lease Area Within 60 Days, Beaufort
Multiple-Sale

Table A2-65 Combined Probabilities (Expressed as Percent Chance) of one or More Spills Greater than
or Equal to 1,000 Barrels, and the Estimated Number of Spills (Mean), Occurring and Contacting a
Certain Land Segment over the Assumed Production Life of the Lease Area Within 180 Days, Beaufort
Multiple-Sale

Table A2-66 Combined Probabilities (Expressed as Percent Chance) of one or More Spills Greater than
or Equal to 1,000 Barrels, and the Estimated Number of Spills (Mean), Occurring and Contacting a ‘
Certain Land Segment over the Assumed Production Life of the Lease Area Within 180 Days, Beaufort
Multiple-Sale



Table A2-67 Combined Probabilities (Expressed as Percent Chance) of one or More Spills Greater than
or Equal to 1,000 Barrels, and the Estimated Number of Spills (Mean), Occurring and Contacting a
Certain Boundary Segment over the Assumed Production Life of the Lease Area Within 3 Days, Beaufort
Mulktiple-Sale

Table A2-68 Combined Probabilities (Expressed as Percent Chance) of one or More Spills Greater than
or Equal to 1,000 Barrels, and the Estimated Number of Spills (Mean), Occurring and Contacting a
Certain Boundary Segment over the Assumed Production Life of the Lease Area Within 10 Days,
Beaufort Multiple-Sale

Table A2-69 Combined Probabilities (Expressed as Percent Chance) of one or More Spills Greater than
or Equal to 1,000 Barrels, and the Estimated Number of Spills (Mean), Occurring and Contacting a
Certain Boundary Segment over the Assumed Production Life of the Lease Area Within 30 Days,
Beaufort Multiple-Sale

Table A2-70 Combined Probabilities (Expressed as Percent Chance) of one or More Spills Greater than
or Equal to 1,000 Barrels, and the Estimated Number of Spills (Mean), Occurring and Contacting a
Certain Boundary Segment over the Assumed Production Life of the Lease Area Within 60 Days,
Beaufort Multiple-Sale

Table A2-71 Combined Probabilities (Expressed as Percent Chance) of one or More Spills Greater than
or Equal to 1,000 Barrels, and the Estimated Number of Spills (Mean), Occurring and Contacting a
Certain Boundary Segment over the Assumed Production Life of the Lease Area Within 180 Days,
Beaufort Multiple-Sale

Table A2-72 Combined Probabilities (Expressed as Percent Chance) of one or More Spills Greater than
or Equal to 1,000 Barrels, and the Estimated Number of Spills (Mean), Occurring and Contacting a
Certain Boundary Segment over the Assumed Production Life of the Lease Area Within 360 Days,
Beaufort Multiple-Sale



Table A2-1 Annual Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting at a Particular Location Will Contact a Certain Environmental

Resource Area Within 3 Days, Beaufort Sea Multiple-Sale

P P P
12 13

P
10 N

P
9

P
2

1

17 18

12 13 14 15 16

2 3 4 5 6 7 8 9 10 11

1

LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA P

Resource Name

iD

12

Land

Kasegaluk Lagoon

1

2 Point Barrow, Plover islands
3 Thetis and Jones Islands

n

4 Cottle & Return Islands, West Dock

Midway Islands
6 Cross and No Name islands

7 Endicott Causeway

5
8

McClure Islands

9 Stockton Islands
10 Tigvariak Island

11

Maguire Islands

14 Anderson Point Barrier Isiands

12 Flaxman Island
13 Barrier Islands

n

15 Arey and Barter Islands, Bernard Spit

16 Jago and Tapkaurak Spits
17 Angun and Beaufort Lagoons

ley Reef
19 Chukchi Spring Lead 1

20 Chukchi Spring Lead 2

18

Chukchi Spring Lead 3
22 Chukchi Spring Lead 4
23 Chukchi Spring Lead 5
24 Beaufort Spring Lead 6
25 Beaufort Spring Lead 7
26 Beaufort Spring Lead 8
27 Beaufort Spring Lead 9

21

12

10

5
n

n
12
1

28 Beaufort Spring Lead 10
Ice/Sea Segment 1

29
30

8

10 3

2

Ice/Sea Segment 2

Ice/Sea Segment 3

31

16

Ice/Sea Segment 4

32

10

Ice/Sea Segment 5

33

Ice/Sea Segment 6

34
35
36

Ice/Sea Segment 7

Ice/Sea Segment 8

Ice/Sea Segment 9
38 Point Hope Subsistence Are

39 Point Lay Subsistence Area

37

40 Wainwright Subsistence Area

Barrow Subsistence Area 1
42 Barrow Subsistence Area 2
43 Nuiqsut Subsistence Area

44 Kaktovik Subsistence Area
Notes: ** = Greater than 99.5 percent; n = less than 0.5 percent.
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6

1

5 22




Table A2-1 (continued) Annual Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting at a Particular Location Will Contact a Certain

Environmental Resource Area Within 3 Days, Beaufort Sea Multiple-Sale

P
12 13

P
10 11

P
9

P
2

1

12 13 14 15 16 17 18

LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA P
2 3 4 5 6 7 8 9 10 1

Resource Name 1

iD

45 Whale Concentration Area
46 Herald Shoal Polynya

47

Ice/Sea Segment 10
Ice/Sea Segment 11
49 Hanna’s Shoal Polynya

48

Ice/Sea Segment 12

50
51

Ice/Sea Segment 13

Ice/Sea Segment 14

52
53
54
55
56
57
58
59
60

71 14

1
21

14 43 23 37 3

3

Ice/Sea Segment 15

6 60 5 n

n

3

20

15 51

3

n

Ice/Sea Segment 16a
Ice/Sea Segment 17

1

18 27

n

n

33 33 #

1

2 38 2

n

44 43

n

38 14 14

n

41

Ice/Sea Segment 18a
ice/Sea Segment 19

70

n

n

19 59

n

1

15 46
28 5

2 52

n

Ice/Sea Segment 20a
Ice/Sea Segment 21
Ice/Sea Segment 22

Ice/Sea Segment 22

61

Ice/Sea Segment 24a

63 Ledyard Bay
64 Peard Bay
65 ERA1

66 ERA2

62

n

26

n

n

13

17

3 30 3 n

n

11 10

7 25

1

Ice/Sea Segment 16b

68 Harrison Bay

67

69 Harrison Bay/Colville Delta

70 ERA3

7

10

11

Simpson Lagoon

72 Gwyder Bay
73 Prudhoe Bay

16

74 Cross Island ERA

75 Water over Boulder Patch 1
76 Water over Boulder Patch 2
77 Foggy Island Bay

78 Mikkelsen Bay

79 ERA4

11

19

n

22 20

n

21

Ice/Sea Segment 18b
Simpson Cove

80

81

83 Kaktovik ERA

82 ERAS
84

Ice/Sea Segment 20b

85 ERAG®6
86 ERA7
87 ERAS

Ice Sea Segment 24b

44 Kaktovik Subsistence Area
Notes: ** = Greater than 99.5 percent; n

88

less than 0.5 percent.
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Table A2-2 Annual Conditional Probab

Resource Area Within 10 Days, Beaufort Sea Multiple-Sale
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P
12 13

P P P
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16

P
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P
2

1

13 14 15 16 17 18

12

9 10 11
2
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13

Resource Name

1D

10

7 22 14 10

2

4

15 4 13

15

Land

Kasegaluk Lagoon

1

12

2 Point Barrow, Plover islands
3 Thetis and Jones Islands

10

n

Endicott Causeway
8 McClure Islands
9 Stockton Islands
10 Tigvariak Island
Maguire Islands

12 Flaxman Island
13 Barrier Islands

4 Cottle & Return Islands, West Dock
Midway Islands

5
14 Anderson Point Barrier Islands

6 Cross and No Name Islands

7

n

n

15 Arey and Barter Islands, Bernard Spit

16 Jago and Tapkaurak Spits

Chukchi Spring Lead 3
22 Chukchi Spring Lead 4
23 Chukchi Spring Lead 5
24 Beaufort Spring Lead 6

17 Angun and Beaufort Lagoons
Icy Reef
25 Beaufort Spring Lead 7

18
19 Chukchi Spring Lead 1

20 Chukchi Spring Lead 2

21

15

5
4

10
15

16

14

26 Beaufort Spring Lead 8
27 Beaufort Spring Lead 9

12

16

28 Beaufort Spring Lead 10

29
30
31

13

lce/Sea Segment 1
Ice/Sea Segment 2

10

13

Ice/Sea Segment 3

16

32

Ice/Sea Segment 4

12

33
34
35
36

Ice/Sea Segment 5

11

Barrow Subsistence Area 1

Ice/Sea Segment 7
lce/Sea Segment 8
Ice/Sea Segment 9

Ice/Sea Segment 6
38 Point Hope Subsistence Are

39 Point Lay Subsistence Area
40 Wainwright Subsistence Area

37
4

10

10 24 5

42 Barrow Subsistence Area 2
43 Nuigsut Subsistence Area
44 Kaktovik Subsistence Area

10

13

= Greater than 99.5 percent; n = less than 0.5 percent.

« K%

Notes



Table A2-2 (continued) Annual Conditional Probabilities (Expressed as Percent Chance) that an Qil Spill Starting at a Particular Location Will Contact a Certain

Environmental Resource Area Within 10 Days, Beaufort Sea Multiple-Sale

P P P
10 11 12 13

P
9

P
1 2

14 15 16 17 18

1213

LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA P
2 3 4 5 6 7 8 9 10 11

Resource Name 1

iD

10
4

Ice/Sea Segment 10
Ice/Sea Segment 11
49 Hanna’s Shoal Polynya

50

45 Whale Concentration Area
Ice/Sea Segment 12
Ice/Sea Segment 13
Ice/Sea Segment 14

46 Herald Shoal Polynya

47
48
51
52

12

20

10

10 73

n

7

33 47 9

7 22 51

Ice/Sea Segment 15

53

7

18

2 27 45

4

19

11

6

9 22 59 37 32 15

3

Ice/Sea Segment 16a
Ice/Sea Segment 17

54
55

12

n

»* 52 4
2 47 47

14
n

16

25

6 42 46 51

7

10
75

6 48

1

1

2

19 29 1
6 59
5

42

5

56

Ice/Sea Segment 18a

n

n

23 63

1

n

n

19 56 4

57

Ice/Sea Segment 19

27

8

18

6 39

58

Ice/Sea Segment 24a

63 Ledyard Bay

Ice/Sea Segment 20a
64 Peard Bay

ice/Sea Segment 21
ice/Sea Segment 22
Ice/Sea Segment 22

59
60
62

16

6 24 4 5

9

65 ERA1
66 ERA2

4 20 5 10

3

n 23 11 4

5 35 11 n

n

9

17

29 20

11

67

Ice/Sea Segment 16b

68 Harrison Bay
69 Harrison Bay/Colville Delta

70 ERA3

3 30 9 1

n n n

3

15 21

1

n

13 22 4 3

8

Simpson Lagoon

72 Gwyder Bay
73 Prudhoe Bay

71

19

2 24 4 1

2

74 Cross Island ERA

75 Water over Boulder Patch 1
76 Water over Boulder Patch 2
77 Foggy Island Bay

78 Mikkelsen Bay

79 ERA4

80
81

14
4 25 5

14
3 27 21

n 1

24 22

1

14

9

2

Ice/Sea Segment 18b
Simpson Cove

82 ERAS

3

2

83 Kaktovik ERA

84

11

ice/Sea Segment 20b
Ice Sea Segment 24b

85 ERAG6
86 ERA7
87 ERAS8

88
Notes

less than 0.5 percent.

Greater than 99.5 percent; n =

. okE o



Environmental

ion Will Contact a Certain

) that an Oil Spill Starting at a Particular Locat

Table A2-3 Annual Conditional Probabilities (Expressed as Percent Chance

Resource Area Within 30 Days, Beaufort Sea Mulitiple-Sale

P P
12_13

P
11
17

P
2

1

12 13 14 15 16 17 18

3 4 5 6 7 8 9 10 11

2

LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA P
17 26

Resource Name 1

D

16

16

14 29 24 23

5

17 14 12 7

16 27 20

7

8

5

14 22 13 22 9 15 6 13

15 25

Land

Kasegaluk Lagoon

1

12

16 5

10

Point Barrow, Plover Islands

2

3 Thetis and Jones Islands

10

n

4 Cottle & Return Islands, West Dock

5
6
7

Midway Islands

Cross and No Name Islands

Endicott Causeway
8 McClure Islands

Stockton Islands

9

ak Island

igvari
Maguire Islands

10 T
1"

14 Anderson Point Barrier Isiands

12 Flaxman Island
13 Barrier Islands

n

n

15 Arey and Barter Islands, Bernard Spi

16 Jago and Tapkaurak Spits

17 Angun and Beaufort Lagoons

18

Icy Reef

~ N
T T
© ©
o o
-l
oo
S C
T E
oo
7nun
£
QO
2 X
33
£ L
0o
[N ~]
- N

©
i)
o
o
]
o
c
T
a
(7]
£
G
x
3
£
(&)

21

Spring Lead 4

22 Chukcl

23 Chukchi Spring Lead 5
24 Beaufort Spring Lead 6
25 Beaufort Spring Lead 7
26 Beaufort Spring Lead 8
27 Beaufort Spring Lead 9

16

12

17
11

16

10

15

6 15 4

n

13 9 12 8

2

10

18

28 Beaufort Spring Lead 10

13

Ice/Sea Segment 1

29
30

10

12

Ice/Sea Segment 2

14

Ice/Sea Segment 3

31

4
10 2

10 12
4

2

18 11 2

6

Ice/Sea Segment 4

32
33

1

12

Ice/Sea Segment 5
Ice/Sea Segment 6

34
35
36

Ice/Sea Segment 7

Ice/Sea Segment 8

Ice/Sea Segment 9

37

38 Point Hope Subsistence Are
39 Point Lay Subsistence Area
40 Wainwright Subsistence Area

Barrow Subsistence Area 1
42 Barrow Subsistence Area 2
43 Nuigsut Subsistence Area

44 Kaktovik Subsistence Area
Notes: ** = Greater than 99.5 percent; n

41

17

13

14 25 9

14

less than 0.5 percent.



Table A2-3 (continued) Annual Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting at a Particular Location Will Contact a Certain

Environmental Resource Area Within 30 Days, Beaufort Sea Multiple-Sale

P P P P
10 11 12 13

P
9

P
1 2

12 13 14 15 16 17 18

9 10 11

8

LA LA LA LA LA LA LA LA LA LA LA LA LA P
7

6

LA LA LA
3 4 5

2

Resource Name L1A LA

iD

45 Whale Concentration Area
46 Herald Shoal Polynya

47

ice/Sea Segment 10
Ice/Sea Segment 11

48

49 Hanna’s Shoal Polynya

50
51

ice/Sea Segment 12

Ice/Sea Segment 13

12

8

10

11

18

Ice/Sea Segment 14

52
53
54
55
56
57
58
59
60
61

7

17
3 48 29

15

14 75

n

12

15

27 53 38 51

7

Ice/Sea Segment 15

6
19

9 50

1
n

3
12

15

33

16 71

3

1

10

18

15 27 63 44 42 28

6

Ice/Sea Segment 16a
lce/Sea Segment 17

6 32 50
1

n

1

4 49 49 3

10 11 3 2

12 47 52 56 34 28

4 14

3

14

5

8 54 44 23 34 4

5

Ice/Sea Segment 18a
Ice/Sea Segment 19

5 76

3

n
n

23 58 6
15 47 27

61

18

n

n

16 36

1

15 n

1

Ice/Sea Segment 20a
ice/Sea Segment 21

Ice/Sea Segment 22

Ice/Sea Segment 22

Ice/Sea Segment 24a

62

63 Ledyard Bay
64 Peard Bay

65 ERA1
66 ERA2

67

10 8 26 7

2

28 4

n

17 13 4

n

9

4

6 22 9 13 5
14 32 24 23

8

17 11 4

2 25

n

19

8 38

2

10

17

4

Ice/Sea Segment 16b

15

68 Harrison Bay
69 Harrison Bay/Colville Delta

70 ERA3

s

6 32 15

n n

17 24 9 2

2

n

17 26 9 7

11

9

12

Simpson Lagoon

3 25 6

72 Gwyder Bay

73 Prudhoe Bay
74 Cross Island ERA

75 Water over Boulder Patch 1
76 Water over Bouider Patch 2

77 Foggy Island Bay
78 Mikkelsen Bay
79 ERA4

80
81

10
10

15

n

3 25 23 1

1

16

5 28 23 11

4

Ice/Sea Segment 18b

Simpson Cove

82 ERAS

7 17 18
8 25 16

5

83 Kaktovik ERA

84

21

6

Ice/Sea Segment 20b

85 ERAG®
86 ERA7
87 ERAS

88
Notes

Ice Sea Segment 24b

: less than 0.5 percent.

Greater than 99.5 percent; n =

*E =



Environmental

in

Will Contact a Certai

ion

lar Locat

Icu

t a Part

ing a

(Expressed as Percent Chance) that an Oil Spill Start

Resource Area Within 60 Days, Beaufort Sea Multiple-Sale

Table A2-4 Annual Conditional Probabilities

12 13

P P
9 10 11
35 30 29 25 22 22

P
8

P
2

14 15 16 17 18 1

13

3 4 5 6 7 8 9 10 11 12
19 28 16 22 12 20 11

2

1

LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA P

Resource Name

1D

19 15 12 21

14 22 35 28 23 19

15

10

24 33 22 32 20 29

Land

Kasegaluk Lagoon

1

15

9

12 20 8

2 Point Barrow, Plover Islands
3 Thetis and Jones Islands

15

10

12

n

Cross and No Name Islands

7 Endicott Causeway

4 Cottle & Return Islands, West Dock
8

5 Midway Islands

6

10

McClure Islands

9 Stockton Islands
10 Tigvariak Istand
Maguire Islands

11
14 Anderson Point Barrier Islands

12 Flaxman Island
13 Barrier Islands

n

15 Arey and Barter Islands, Bernard Spit

16 Jago and Tapkaurak Spits
17 Angun and Beaufort Lagoons

18

Icy Reef
19 Chukchi Spring Lead 1
20 Chukchi Spring Lead 2
21 Chukchi Spring Lead 3
22 Chukchi Spring Lead 4
23 Chukchi Spring Lead 5
24 Beaufort Spring Lead 6
25 Beaufort Spring Lead 7
26 Beaufort Spring Lead 8
27 Beaufort Spring Lead 9

17

9
7

13
17
16

17
12

3

22 7

n

4 14 10 12

2

16

11

19

28 Beaufort Spring Lead 10

10

14

29
30

Ice/Sea Segment 1

10

12

Ice/Sea Segment 2

14

31

Ice/Sea Segment 3
Ice/Sea Segment 4

2

12
13

6 18

1

32
33
34
35
36

Ice/Sea Segment 9
38 Point Hope Subsistence Are
39 Point Lay Subsistence Area
Barrow Subsistence Area 1

lce/Sea Segment 6
Ice/Sea Segment 7
Ice/Sea Segment 8

ice/Sea Segment 5
40 Wainwright Subsistence Area

37
41

1

n 20 3

n

18

1 14

14 25

42 Barrow Subsistence Area 2
43 Nuigsut Subsistence Area
44 Kaktovik Subsistence Area

11

14

= Greater than 99.5 percent; n = less than 0.5 percent.

. Wk

Notes



Table A2-4 (continued) Annual Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting at a Particular Location Will Contact a Certain

Environmental Resource Area Within 60 Days, Beaufort Sea Multiple-Sale

12 13

P P
9 10 11

P
8

P
1 2

12 13 14 15 16 17 18

9 10 11

8

3

LA LA LA LA LA LA LA LA LA LA LA LA LA LALALALALA P
2

Resource Name 1

ID

45 Whale Concentration Area
46 Herald Shoal Polynya

lce/Sea Segment 10
Ice/Sea Segment 11

47

438

49 Hanna's Shoal Polynya

ice/Sea Segment 12

50
51

lce/Sea Segment 13

12 1

20
9

Ice/Sea Segment 14

52
53
54
55
56

19 9

25

16 75 17 10
5 18 72 36

1

n

14 11 9

17
17 29 65 46 45 31

12 29 54 39 52

lce/Sea Segment 15

5 50 32 22 10

1

2
3

7
14
6 50 50 3

19

13

14

22

8

9

Ice/Sea Segment 16a

22 8
52

8 34 51

*k

17 14 49 54 58 36 31 13 4 23

6

5

Ice/Sea Segment 17

15
77
22

11

9 55 45 24 35 5 5 2 4
9 62 24 59 7

7

Ice/Sea Segment 18a
Ice/Sea Segment 19

n
n
n

57

3 20 39 n

1

15 18 50 30 17
6 8 13

5

4

Ice/Sea Segment 20a
Ice/Sea Segment 21
Ice/Sea Segment 22
Ice/Sea Segment 22

58
59
60

12

15

61

Ice/Sea Segment 24a

63 Ledyard Bay
64 Peard Bay
65 ERA1

66 ERA?2

62

2

n 3 5

n

n 18 13 5

n

5
10

9 27 8 10

11

7

15

7 23
9

6
5

9 39 21 10 1 3 27 19 13

3

19

15 33 25 24

Ice/Sea Segment 16b

68 Harrison Bay

67

69 Harrison Bay/Colviile Delta

70 ERA3

7 34 16 8
2

1
n

1

1 4

19 25

3

n

9

18 27

10 12

4

10

14

Simpson Lagoon

72 Gwyder Bay

73 Prudhoe Bay

6 23 3

2

3 26 6 3

4

74 Cross Island ERA

75 Water over Boulder Patch 1
76 Water over Bouider Patch 2

77 Foggy Island Bay
78 Mikkelsen Bay

13
12

17
7 28 7

15
5 29 23

79 ERA4

n 1 3

3 26 23 1

1

16

11

4

Ice/Sea Segment 18b
Simpson Cove

80

81

20

82 ERAS

4 22
10 21

1
2

83 Kaktovik ERA

84

12

n

n

n

10

17

10 25

8

3

Ice/Sea Segment 20b

85 ERAG6
86 ERA7
87 ERAS

Ice Sea Segment 24b

88

less than 0.5 percent.

Notes: ** = Greater than 99.5 percent; n
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P P
12 13

P
10

10 11
13

9

Land Segment
14

mn
8

Will Contact a Certai

ion

P
2

lar Locat
1

Icu

12 13 14 15 16 17 18

9 10 1

8

7

14
n

11

LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA P

(Expressed as Percent Chance) that an Oil Spill Starting at a Part

13
n
n

tes

Name
Bullen Point, Point Gordon, Reliance Pt.
Point Hopson, & Sweeney, Staines

Foggy iIsland Bay, Kadleroshilik River,
Brownlow Point, Canning River

Collinson Point, Konganevik Point,
Anderson Point, Sadlerochit River

Arey island, Barter Island,

Walakpa Bay, Walakpa River
Kaktovi

Barrow, Elson Lagoon

Dease Inlet
Miine Point, Simpson Lagoon

Kuparuk River
Griffin Point, Oruktalik Lagoon
Angun Point, Beaufort Lagoon

Lonely, Pitt Point, Pogik Bay

Wainwright, Wainwright Inlet
Cape Halkett

Skull Cliff

Nulavi
Point Brower, Prudhoe Bay

Ikpikpuk River, Smith Bay
Drew Point, McLeod Point,
Atigaru Point, Kogru River
Fish Creek

Kurgorak Bay
Cape Simpson
Colville River
Oliktok Point

Land
19
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

Within 180 Days, Beaufort Sea Multiple-Sale
Segment

Table A2-11 Annual Conditional Probabi

c

n
n
n

Icy Reef, Kongakut River, Siku Lagoon
Demarcation Bay, Demarcation Point
Clarence Lagoon, Backhouse River

Komakuk Beach, Fish Creek

Nunaluk Spit

= Greater than 99.5 percent; n = less than 0.5 percent. Rows with all values less than 0.5 percent are not shown.

Outer Shallow Bay, Olivier Islands

Middie Channel, Gary Island

Roland & Phillips Bay, Kay Point
Kendall Island

Trent and Shoalwater Bays
North Point, Pullen Island

Herschel Island
Ptarmigan Bay

51
53
55
56
57
60
63
64
65
66
Notes: **




Table A2-12 Annual Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting at a Particular Location Will Contact a Certain Land Segment

Within 360 Days, Beaufort Sea Multiple-Sale

P P
12 13

P P
10 11

P
9

o~

L w©

0.

P
2

10 11 12 13 14 15 16 17 18 1

4 5 6 7 8 9

LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA P
3

Name

Wainwright, Wainwright Inlet
Peard Bay, Point Franklin

Skull Cliff
Nulavi

Land
Segment

19
21

22
23
24
25
26
27
28
29
30
31

Walakpa Bay, Walakpa River

Barrow, Elson Lagoon

Dease Inlet

17 9
12

15

Kurgorak Bay

1

23 3

n

13

lkpikpuk River, Smith Bay
Drew Point, McLeod Point,

Cape Simpson

15

Lonely, Pitt Point, Pogik Bay

Cape Halkett

10 7

16

3

32

Atigaru Point, Kogru River

Fish Creek
Colville River
Oliktok Point

33
34
35
36

15

Milne Point, Simpson Lagoon

Kuparuk River

37

38
39
40

12

Point Brower, Prudhoe Bay

n
n

Foggy Istand Bay, Kadleroshilik River,

n

4

Bullen Point, Point Gordon, Reliance Pt.
Point Hopson, & Sweeney, Staines

River

42

Brownlow Point, Canning River

43
44
45

Collinson Point, Konganevik Point,
Anderson Point, Sadlerochit River

Arey Island, Barter Island,

Kaktovi

46
47
48

Griffin Point, Oruktalik Lagoon
Angun Point, Beaufort Lagoon

n
n

50
51

lcy Reef, Kongakut River, Siku Lagoon
Demarcation Bay, Demarcation Point

Clarence Lagoon, Backhouse River
Komakuk Beach, Fish Creek

Nunaluk Spi

n

52

Outer Shallow Bay, Olivier Istands

Middle Channel, Gary Island

Roland & Phillips Bay, Kay Point
Kendall Island

Sabine Point

Trent and Shoalwater Bays
Shallow Bay, West Channel
North Point, Pullen Island

Herschel Island
o KK m

Ptarmigan Bay
Shingle Point

53
55
56
57
58
59
60
62
63
64
65
66
Notes

less than 0.5 percent. Rows with all values less than 0.5 percent are not shown.

n=

Greater than 99.5 percent
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Table A2-17 Annual Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting at a Particular Location Will Contact a Certain Boundary Segment

Within 180 Days, Beaufort Sea Multiple-Sale

LA LA LA LA LA LA LA LA P
7 8 9 10 11 12 13 14 15 16 17 18 1

6

5

3

2

1

Boundary LA LA LA LA LA LA LA LA LA LA
4

Segment

18
19
20
21

22

23
24
25
26
27
28

29
30
31

34
35

36
37

38
Notes: ** = Greater than 99.5 percent; n

less than 0.5 percent. Rows with all values less than 0.5 percent are not shown.



) that an Oil Spill Starting at a Particular Location Will Contact a Certain Boundary Segment

Table A2-18 Annual Conditional Probabilities (Expressed as Percent Chance

Within 360 Days, Beaufort Sea Multiple-Sale

P
10 11 12 13 14 15 16 17 18 1 2

9

2 3 4 5 6 7

1

Boundary LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA P
8

Segment

17
18
19
20
21

22
23
24
25

26

27
28

29
30
31

33
34
35
36
37
38

= Greater than 99.5 percent; n = less than 0.5 percent. Rows with all values less than 0.5 percent are not shown.

T

Notes



Table A2-19 Summer Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting at a Particular Location Will Contact a Certain Environmental

Resource Area Within 3 Days, Beaufort Sea Multiple-Sale

12 13

)
11
16

P
10
13

)
2

1

13 14 15 16 17 18

10 11 12

9

LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA P
8

Resource Name

ID

13

18

3 29

n

15

13 13

13

Land

Kasegaluk Lagoon

1
2

15

Point Barrow, Plover Islands

19

3 Thetis and Jones Islands

n

4 Cottle & Return Islands, West Dock

5
6
7
8

Midway Islands

Cross and No Name Islands
Endicott Causeway
McClure Islands

14

9 Stockton Islands
10 Tigvariak Island

11

Maguire Islands

12 Flaxman Island
13 Barrier Islands

14 Anderson Point Barrier Islands

n

15 Arey and Barter Islands, Bernard Spi

16 Jago and Tapkaurak Spits
17 Angun and Beaufort Lagoons

18

lcy Reef

19 Chukchi Spring Lead 1
20 Chukchi Spring Lead 2

21

Chukchi Spring Lead 3

22 Chukchi Spring Lead 4
23 Chukchi Spring Lead 5
24 Beaufort Spring Lead 6
25 Beaufort Spring Lead 7
26 Beaufort Spring Lead 8
27 Beaufort Spring Lead 9

28 Beaufort Spring Lead 10

29
30
31

26
3

Ice/Sea Segment 1

17

7 23 7

Ice/Sea Segment 2

3

1

9 24 7

12 7 25

2

Ice/Sea Segment 3

n

1

16 20

n

n

15 n
25

8 35

n

7

3

Ice/Sea Segment 4

32
33
34
35
36
37

18

Ice/Sea Segment 5

23

17
14

28

Ice/Sea Segment 6

Ice/Sea Segment 7

lce/Sea Segment 8

Ice/Sea Segment 9
38 Point Hope Subsistence Are

39 Point Lay Subsistence Area

40 Wainwright Subsistence Area

4

Barrow Subsistence Area 1

44

n

n 30 3 n

n

16

15 64 3

42 Barrow Subsistence Area 2
43 Nuigsut Subsistence Area
44 Kaktovik Subsistence Area

n

3 22

n

32

n

n

16 20

1

n

less than 0.5 percent.

Greater than 99.5 percent; n =

. ke

Notes
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Table A2-19 (continued) Summer Conditional Probabili

Environmental Resource Area Within 3 Days, Beaufort Sea Multiple-Sale

P P P
10 11 12 13

)
9

P
2

1

14 15 16 17 18

1213

LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA P
2 3 4 5 6 7 8 9 10 1

Resource Name 1

D

45 Whale Concentration Area
46 Herald Shoal Polynya

47

Ice/Sea Segment 10

Ice/Sea Segment 11
49 Hanna’s Shoal Polynya

50
51

48

Ice/Sea Segment 12
Ice/Sea Segment 13

ice/Sea Segment 14

52
53
54
55
56
57

14

6 74 3 n

n

1
21

25 35 3
3

16 41

3

Ice/Sea Segment 15

37
n

62
9

3

21

15 51

Ice/Sea Segment 16a
ice/Sea Segment 17

1

18 29

*ke

10
41

35 34 41

1

1

72

n 3 39

n
n

45 41

n
n

13 12

40

Ice/Sea Segment 18a
Ice/Sea Segment 19

20 58

n

n

1

4 55 15 46

1

Ice/Sea Segment 20a
Ice/Sea Segment 21

58

59
60

Ice/Sea Segment 22
ice/Sea Segment 22

61
62

Ice/Sea Segment 24a

63 Ledyard Bay
64 Peard Bay
65 ERA1

66 ERA2

n

n

n n 54

28 7

n

1

2

12 5 38

9
21

3 36 3

37
29

n

15 51 21 3

3

n

Ice/Sea Segment 16b

68 Harrison Bay

67

n

n

69 Harrison Bay/Colville Delta

70 ERA3

18

n 24

n

n

n

15 27

8

7

20

Simpson Lagoon

72 Gwyder Bay

71

73 Prudhoe Bay

n

4 32

n

44

74 Cross Island ERA

11

75 Water over Boulder Patch 1
76 Water over Boulder Patch 2
77 Foggy Island Bay

78 Mikkelsen Bay

79 ERA4

16
20

26 2
39

n

n
13

n 25 2
41

3

n

n

n

n 45 41

n

n

12

40

Ice/Sea Segment 18b
Simpson Cove
82 ERAS

80
81

n

22 29 n

1

n

83 Kaktovik ERA

Ice/Sea Segment 20b

85 ERAG®6
86 ERA7
87 ERAS

84

Ice Sea Segment 24b

88
Notes

** = Greater than 99.5 percent; n = less than 0.5 percent.



Table A2-20 Summer Conditional Probabilities (Expressed as Percent Chance) that an Oil Spill Starting at a Particular Location Will Contact a Certain Environmental

Resource Area Within 10 Days, Beaufort Sea Multiple-Sale

P P P
9 10 11 12 13
29 23 27 20

P
8

P
1 2

18
10 4 24 43 25 20

12 13 14 15 16 17

9 10 1
17

8

12 35 9 33 4

3

LA LA LA LA LA LA LA LA LA LA LA LA LA LALALALALA P
2

Resource Name 1

ID

18 56 41

9 5 6

11

1

3

14 41

17 43

Land

Kasegaluk Lagoon

1
2

17

9

13 32 5

Point Barrow, Plover Islands

3 Thetis and Jones Islands

19

n

Cross and No Name Islands
Endicott Causeway

4 Cottle & Return Islands, West Dock
McClure Islands

5 Midway Islands
6

7
8

15

Maguire Islands

9 Stockton Islands
12 Flaxman Island
13 Barrier Islands

10 Tigvariak Island
14 Anderson Point Barrier Islands

n

15 Arey and Barter Islands, Bernard Spit

16 Jago and Tapkaurak Spits
17 Angun and Beaufort Lagoons

18

Chukchi Spring Lead 3

ley Reef
28 Beaufort Spring Lead 10

29
30
31
32
33
34
35

19 Chukchi Spring Lead 1
36

20 Chukchi Spring Lead 2
21

22 Chukchi Spring Lead 4
23 Chukchi Spring Lead 5
24 Beaufort Spring Lead 6
25 Beaufort Spring Lead 7
26 Beaufort Spring Lead 8
27 Beaufort Spring Lead 9

n

22 5

n
n

10
13 27

8

16 30

Ice/Sea Segment 1

19

n

9 22 5

4

5
15 29

14 21

8

ice/Sea Segment 2

2 24 12 5
3 20 27 7

n
n

10

16 29

8

5 16

3

Ice/Sea Segment 3

112 38 20 1 n
n 3 29 6

n

12

14

6

6

Ice/Sea Segment 4

1t 9 23 3

n

4
5
3

7 26 14

5

Ice/Sea Segment 5

25

1

32 2 20

4

Ice/Sea Segment 6

28

10 20 9 n

5

Ice/Sea Segment 9
38 Point Hope Subsistence Are
39 - Point Lay Subsistence Area
Barrow Subsistence Area 1

Ice/Sea Segment 8

Ice/Sea Segment 7
40 Wainwright Subsistence Area

37
41

8

16 30 7

32 69

42 Barrow Subsistence Area 2
43 Nuigsut Subsistence Area
44 Kaktovik Subsistence Area

8 28 2

3

4 37 8 2

5

31

n

6 26 23 n

5

less than 0.5 percent.

= Greater than 99.5 percent; n

. wk

Notes



(Expressed as Percent Chance) that an Oil Spill Starting at a Particular Location Will Contact a Certain

tal Resource Area Within 10 Days, Beaufort Sea Multiple-Sale

Table A2-20 (continued) Summer Conditional Probabilities

Environmen

P

P
12 13

P P
10 11

P
9

P
2

1

13 14 15 16 17 18

9 10 11 12

LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA LA P
8

Resource Name

ID

45 Whale Concentration Area
46 Herald Shoal Polynya

lce/Sea Segment 10

Ice/Sea Segment 11
49 Hanna’s Shoal Polynya

47

48

Ice/Sea Segment 12

50

Ice/Sea Segment 13
Ice/Sea Segment 14
Ice/Sea Segment 15

51

52

2
19

13

23

10
13 72 22 4

16 78

n

7

10

38 45
11 24 60 39 34

10 29 51

6

53

7

3 29 47

n

6

4

Ice/Sea Segment 16a
Ice/Sea Segment 17

54
55

11

n

n

51
3 50 44

ke

14
n

7 44 47 50 24 13

8

11 54 6

2

1

18 22
9 63

8 55 46

6

Ice/Sea Segment 18a
Ice/Sea Segment 19

56

78

2 25 60 n

n

19 56 2

