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EXECUTIVE SUMMARY

TheBureau of Safety and Environmental Enforcerf@(BSEE) Oil Spill Preparedness Division (OSPD)

is responsible for developing and administering regulations that oversee ifglpstparedness to

contain, recover, and remove oil discharges from offshoriitzsz As required by the Federal Water
Pollution Control Act and the Oil Pollution Act of 1990, these regulations require the operators of these
offshore facilities to submit an Oil Spill Response Plan (OSRP) that identifies the procedures and
contraced spill response resources necessary to respond, to the maximum extent practicable, to their
worstcase discharges (WCD). In the case of most offshore exploration or production facilities, their
WCD scenario will be the maximum foreseeable daily flowibfrom their facility, commonly referred

to as a fAawel | bl owout

Offshore oil well blowoutsthat cause largscale oil spills are rare events. Most blowout accidents

release a relatively small amount of oil into the environment before the well is brought under control by
operators or the well i s seal evde radyis.rapart beginawith pr oc e s
a summary of historical information on offshore blowouts and a general discussion of some of the factors
that may influence the nature and potential consequences of blowdhile. there have been several

large blowouts wddwide since exploration of the offshore and outer continental shelf (OCS) began more
than 50 yearago, there have been only two major offshore exploration and produetéded spills in

U.S. watersd the Santa Barbara Channel Alpha Well 21 Platfti&a blowout in 1969and the Gulf of

Mexico Deepwater Horizon MC252 blowout in 204.0Vith the depletion of nearshore resources, the oil

and gas industry is moving farther offshore, into deeper waters, and potentially into the more extreme
environments to ket U.S. and global energy needs. These new frontiers of oil and gas resource
development present new safety and oil spill response challenges.

This reportis the first volume of a twawolume studyentitledOil Spill Respons@lan Equipment
CapabilitiesReview Volume I,Worst Case Discharge Analyspesend regionalprofilesregardinghe
range and typef WCDs associated with.S. offshore drillingandillustrates their potentidbr
impactingthe environment throughil spill fate and transponmodeling Volume I, Oil Spill Response
Equipment Capabilities Analysigresenta series of relatednalyses, includingpill modelingusing
differentresponseountermeasuret reduce the potential for impacend develop recommendations for
oil spill response plan requirements

Regional WCD Profiles

To better understand where these frontier oil and gas development activities are occurring and how they
may beaffecting the nature and potential of WCD scenarios, profiles were devdlupeachOCS

'n this study, the term fAblowouto refers to a |loss of
environment . The term fAiblowoutodo is sometimes, in othei
control in which there is no releagéoil to the environment, such as circumstances in which there is a release of oil

only to diverters or in which only gas is released.

2 Etkin, 2009; Holand, 2013.

3TheAlpha Well 21 PlatforniiAd b | aonvwhe Santa Barbara Chanhelganlanuary 28, 369 anddischarged

80,000 barrels into nearshore California watersr an 1iday periodhttp://www.bsee.goy/ Theblowout event

alsocaused undersegeologicfaults to openwhich released oil and gas until Decemb869 The National

Oceanic and Atmospheric Administration (NOAA) calculated that approximately 100,000 barrels of crude oil were
discharged from the well and the resulting faultdie environmental impact ¢iis blowoutcontributedto the

establishment of the National Environmental Policy Act of 1969 and subsequent environmental protection

legislation fittp://response.restoration.noaa.gov/

4 The Deepwater Horizon MC252 blowoanh April 20, 2010 discharged 4,200,000 bbl into waters of the Gulf of

Mexico over a period of Bdays(http://www.bsee.goy/
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Region of thd).S.OCS withactiveoil and gas exploration and production. These profilelsidethe
overall distribution and nature of the WCseach OCS Regiobased on information in OSRPs

1 The Gulf of Mexico (GOM) OCS Region This region has by far the most active and prolific oil
exploration and production activity (91% of total U.S. OCS production). The Gulf of Mexico has
seenan increase idrilling in deeper watex(20% of the WCD volumes are considered to occur
i n A dche @pamovdrilling is increasinglgccurring inhigher temperature and higher pressure
(HTHP) reservoirs. Thiargest WCD flow rateare in the Central Gulf of Mexico Planning
Area, many with potentiakleases of more than 250,000 bbl/daigh somedrilling now
occurring nearly 250 miles from shor&he Central Planning Area has clusters of relatively large
WCD flow rates(>125,000 bbl/day) in deep wateelatively close to shore in the Mississippi
Canyon areaWCD flow ratesin the Gulf of Mexicarangefrom 4 to 476,000 bbl/dayThe
average WCDlow ratefor the locations in the Central Gulf of Mexico Planning Area within this
sample population of data is 59,690/dBl, while the average WCBow ratefor the Western
Gulf of Mexico Planning Aregé 13,784 bbbay.

1 The Pacific OCS RegionRelative to the GOM, this region has few wells (431 producing wells)
and no trend of significant new exploration or drilling, due in paatrtmratorium on new
offshore exploration within the Pacific OCS Regidks a result, oil production rates in the
Pacific OCS Region peaked in 1995 and have been steadily declining since that time. All current
drilling operations in this region are in the Southern California Planning Ak&sdl. water depths
rangefrom 95 fed to a maximum of 1,198 feawith an average depth of 406 fe&Vellsare
relatively close to shore, ranging approximately from 4 to 13 miles off the California coast. The
wells in this region encounter pressures no greater than 3,000 psi and no hotter thawli®d°F
is short of the HTHP definition of >10,000 psi and*@00°F. The oldeshallower wells within
the region are associated with particularly low pressures. W@Dratesfor these operations
range from 121 to 12,036 bbl/day, with an average of 3,262 bbl/day.

9 The Arctic OCS (subarea of the Alaska OCS Reagn): The Chukchi Sea and Beaufort Sea are
the onlyPlanning Areas that are within thdaska OCSand he Arctic Circle and are
collectively referred to as the Arctic OCS. The Arctic OCS has the least activity and fewest wells
of the regions examined this study. Because the Arctic OCS Region is relatively unexplored
and the geologic formations are not well understtdweBureau of Ocean Energy Management
(BOEM)consi der s it t onthe 8eaafort®d, theoonsharegyeology extends
offshore and much of the knowledge gained from onshore exploration and production can be
transferred to offshore drilling in the area. Well pressures in the Arctic OCS Region are less than
6,000 psk andsubsurfacevell depthgange fronm7,000 to 8,000 fet in the Chukchi Sea and
10,200 feet in the Beaufort Seaignificantly less thasubsurfacelepths found in the Gulf of
Mexico that can exceed 30,000 feet. While specific well temperature information was not
available, it is known that high pressuremegrally correlate with high temperatufekligh
temperature and pressure conditions, therefore, are not expected to be a significant factor in the
Arctic OCSRegion The offshore exploration activities in the Beaufort Sea and Chukchi Sea thus
far have cocurred in waterkess than 150 feet dedmwever the potential exists in the future for
drilling in deeper waters in the ArctidVell sites examined in this region are relatively close to
shore ranging approximately from 1.5 to 69 miles off the Alaska coast, with the majority of the
siteslocatedl.5to 6 miles from shoreWCD flow ratesin the region range from 800 to 85,000

SDefinitions of whatroowat iyt ut-vSraEls aseh@slocatedin whteralgpths
greater than @0 ft. A common definition ofleep water used by industry and regulators across the world is greater
than 1,000 meters or 3,280 fékibland 2013).

5 Williams 2012; Shell Oil Company 2013.

" Holand 2013.

Pagev



bbl/day, with an average of 20,8M@bl/day Operations on the ArctiOCS are limited by the
challenges associated with the harsh Arctic environment. Extreme cold, winds, waves, sea ice
(up to eight months of the year), and reduced daylight hours create additional concerns for safe
operations and may be an impediment szue, source control, and oil spill response operations.
Weather conditions may interfere with response operations in the Arctic as much as 50% of the
time, and the remotenesstb&Arctic is of particular concern when it comes to mounting and
sustaininga response to a WCID the Arctic OCS.

WCD Test Scenarios

Based on the information contained within the WCD profiles, a representative set of hypothetical test
scenarios \ascreated to examine the potential for WCD oil spilledone intocontactwith the
environment.The discharge flow rates and durations for each scenario were approximated using data
from nearby OSRPs, and for the purposes ofvbligmeof the study(Volume I), were not mitigated by

the use of response countermeasures or abatedhentibinpletion of a relief well. The lease blocks and
blowout volumes for the nine test scenarios are listGdbie ESL.

1 Gulf of Mexico Region: Six scenarios were _ : ,
chosen in various locatioasd water depths Table ES1: Worst Case Discharge Scenario Volumes

across the region. Five of thie VCD OCS Region and Spill Total WCD Volume
scenario locations in the Gulf of Mexico
were in the Central Gulf of Mexico Planning " Gyif of Mexico OCS Region

Area; the sixth sitevas in the Western Gulf

of Mexico Planning Area. Some WCD Scenario 1, MC807 L IRIOLY
scenariosvere relatively close tshore, Scenario 2, WD2 3,589,000
while otherSN_er_e at the far remote reaches Scenario 3, WC168 2,006,400
of offshore drilling in the region. Water _
depths rangifrom 35 feet to over 600 Scenario 4, HIA376 3,850,000
feet WCD flow rates ranggfrom 26,400 to Scenario 5 KC919 30,240,000
449, I , and flow duratisran :

9,000 bbliday, and flow duratisrangel Scenario 6, DC187 25,546,000

from 37 days to 182 days.

1 Padfic OCS Region: The WCD scenario FEEHE CCD [REEI0r
modeled for the Pacific OCS Region was in Scenario 7, SM6683 884,000
the Southern California Planning Area in the : :
vicinity of the Santa Barbara Channel and Aretic OC_S Region
was assigned a WCD flow rate of 5,200 Scenario 8, P6912 700,000
bbl/day. Thesimulatedspill flowed for 170 Scenario 9, Fl 6610 480,000
days dued the fact that there are no drilling
rigs on the West Coast available to drill a
relief well.

1 Arctic OCS Region: In the Arctic OCS Region, one scenario was in the Chukchi Sea (Posey 6912)
and the othewasin the Beaufort Sea (Flaxman Island 6610). Thspélés flowed for 2830 days
during the parbf the operating season where both open water to partial ice cover may occur. The
WCD discharge rates were 25,000 bbl/dag 16,000 bbl/dayespectively.

Oil Fate, Transport,and Contact Modeling

Two models were used to evaluate the potential for dischargedooifrte intocontact with the
environment from the hypothetical WCD test scenarios. The OILMAPMawapdel was used to
determine neatfield buoyant and gas plume dynamics for each bloweenario, all of which were
subsurfacalischarges originating at the seafloor. The initial characteristics of the discharges (i.e.,
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locations and sizes of tlsaibsurfacg@lumes, rise times, and the oil droplet size distributions) were all
estimated by OILM\PDeep and entered into the SIMAPstochastic model to determine the-fiazid
transport and weathering of the oil in the water column and on the water surface.

The SIMAP stochastic model uses many different trajectories of the same spill event occurring at
different times over a long time window to calculate the probability of the oil coming into contact with
the water column, water surface area, and shorelifles.SIMAP results provide the probabilities
areadeing exposed to oiind the minimum travel time for oil to reach those areas. Because contact with
spilled oil can occur over a large range of concentrations and thicknesses, the SIMAP results were
generated based on two minimum threshaéldise amounts of oil present that is necessary for effective

oil spill recovery operations (8 g#for oiling of the water surface), and the amounts necessary to result
in impacts to socioeconomic resources (12gtmshoreline oiling, and 100 ppb forivater

concentration

WCD Modeling Results

These WCD scenarios were all modeled without the application of oil spill response operations and were
allowed to flow unabated until a relief well was complet®driousendpoints were chosen to assess the
magnitude, timing, and geographic footprint of the dischargedile results otheseWCD simulatiors

vaywi dely based on each scenariobs specific set of
WCD <enariogcould result in significantonsequenceas the envionment if not quickly and effectively

abated and mitigated. While the modeling results, as a whole, present an extremely dire representation of
the potential for contact between the dischamkdnd the environment, they do provide a working

baseline of datum that will be useful for further analysis.

8NOAA 2010
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1.0 INTRODUCTION

To support BSEE effort to update th&).S. OSRP regulations, this report models and analyzes nine
hypothetical WCD scenariod he lease blocks and blowout volumes for the nine scenarios are listed in
Tablel. This report does not consider the modeling of oil spill response operations. This report is the
first volume of two, and the second voluf@il Spill Response Equipment Capabilities Analysig)

model and assess the application of oil spill respaperations to mitigate these nine WCD scenarios.
Specifically, thisvolume of thestudy seeks to:

1 Identify and assess changing oil spititentiab from current and emerging drilling and
production trendand

1 Identify the geographical areagth achance obiling by worstcase dischargg8VCD) in the
Gulf of Mexico, Pacific, andArctic OCSRegions.

Table 1;: Worst Case Discharge Blowout Scenarios

OCS Region and Spill Scenario Total WCD Volume (bbl)
Scenario 1, MC807 81,718,000
Scenario 2, WD2 3,589,000
Scenario 3, WC168 2,006,400
Scenario 4, HIA376 3,850,000
Scenario 5 KC919 30,240,000
Scenario 6, DC187 25,546,000
‘ Scenario 7, SM6683 ‘ 884,000 ‘
Scenario 8, P6912 700,000
Scenario 9, 5610 480,000
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2.0 SPILLS FROM OFFSHORE OIL WELLS

Worldwide, there have been 607 reported offshore spills from a population of about 86,000 wells drilled
sincethe 1950s.This equates tonerelease event for every 142 wellddany of these incidents occurred
before the development or deployment of effective preventive technologies, such as blowout preventer
(BOP), or when drilling approaches were radicallyfeliént. In recent years theteave been significant
changes in offshore oil exploration and production with operations occurring in new frontiers of depths
and in new regions with extreme environments and sensitive resources that could change future
poterials.

Over the lasb0years, the Wited Statesias produced a total about20trillion barrels of oil from
offshore oil resources, 91% of which was produced in the Gulf of MexicoR¥g®n 8.9% in the
Pacific OCSRegionand 01% in theArctic OCSRegion(Figure1).1°

U5 0C5 Ol Production
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E @ racific
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1S 1370

Figure 1: Total U.S. OCS Annual Qil Production*!

An average of 1.8 barrels of oil was spilled for every 10,000 baretkiced, or 0.018%rom 2003 to
2012, théUnited Stateproduced about 528 million barrels of oil annual®f the 528 million barrels
produced in this 1§ear period, approximately 0.08% (464,000 barrels) was siiigdre2).*? If the
Deepwater Horizon MC252 incident is excluddwh spillage ratevasonly 0.0021% oftotal produced oil

9Holand 2013.

10 Energy Information Administration.
11 Energy Information Administration.
12 Etkin 2009, updated with 2012 data.
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Average Bbl US Offshore Oil Spillage per Production
Spilled/Produced
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Figure 2: Average Offshore Spillage per Production by Time Perid*3

Annual oil spillage from offshore wells is shownRigure3 for 1968to 2012 Almost 95% of the oil
spilled during this time period from offshore facilities came fromDbkepwater Horizoimcident*

Oil Spillage from Offshore Oil Platforms 1968012
4,500,000
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Bbl Spilled

2,000,000 —

1,500,000 —

1,000,000 —

500,000 —

ot -
1968 1973 1978 1983 1988 1993 1998 2003 2008

Figure 3: Annual U.S. Offshore Qil Platform Spillage 19682012°

Oil spills from oil platforms and the welassociated with them occur for a number of reasons other than
blowouts, including equipment failure, hurricane damage vasdel collisions The most frequent cause

of spills between 1968 and 2012 was equipment failure, which accounted for 52%sofdfwived by
hurricanes, which accounted for another 28towouts accounted for 4.5% of total incidents during this
period, but had a much higher potential volume than the other incidenttypes.

13 Etkin 2009, updated with 2012 data.
14 Etkin 2009, updated with 2012 data.
15 Etkin 2009, updated with 2012 data.
16 Etkin 2009,updated with 2012 data.
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2.1 WORST CASE DISCHARGES FROM OFFSHORE OIL WELLS

Mostblowouts involve the release of very small quantities of\ihile blowouts are not always large,

they carresult inWCDs from wells The common, worldwide definition of a blowoutfisss of well

control or uncontrolled flow of formation or othitmids, including flow to an exposed formation (an
underground blowout) or at the surface (a surface blowout), flow through a diverter, or uncontrolled flow
resulting from a failure ofisr f ace equi pmént or procedures. O

BSEE defines a kRIodtwecowntas| dl avnsd dfunwontroll ed fl o
The flow may be to an exposed formation (an underground blowout), or at the surface (a surface

blowout). BSEE also defines a blowout as intentional flow through a diverter or uncorfloMled

resulting from a failure of surface equipment or procedtiresthe context of this study, the term

Aibl owout o refers to | oss of wel/l control i n which

2.1.1 Definition of Worst Case Discharge

In 30 CFR 825417, BSEE stipulates that eattility operator calculate its own WCD for ea®i Spill
Response Plan (OSRPFor an oil production platform facility, the size of the worst case discharge
scenario is the sum of:

1 The maximum capacity of all oil storagenks and flow lines on the facilityFlow line volume
may be estimated;

1 The volume of oil calculated to leak from a break in any pipelines connected to the facility
considering shutdown time, the effect of hydrostatic pressure, gravity, frictionalbonadsfand
other factors; and

9 The daily production volume from an uncontrolled blowout of the highest capacity well
associated with the facilityln determining the daily discharge rate, [the operator] must consider
reservoir characteristics, casing/protioic tubing sizes, and historical production and reservoir
pressure data[The] scenario must discuss how to respond to this well flowing for 30 days as
required by 30 CFR 8§254.26(d)(1).

2.1.2 History of Blowouts

Based on the BSEE definitidar a blowout there were 43 incidents between 2006 and 2013, shown by
type inFigure4. Not all incidents involve thdischargeof oil to the water In a separate analysis
conducted on 288 loss of well control incidents that occurred between 1956 and 2010J&8if&d
eightcaseinvolving a dischargef oil to the environment®

17Holand 2013.
18 Herbst 2014.
19Herbst 2014.
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Loss of Well Control Incidents by Type (2006 - 2013)

m Surface flow
® Underground flow
= Diverter flow

m Surface equipment failure

11.4%

Figure 4: Loss of Well Control Incidents (2006- 2013) (BSEE TIMS Data§°

Worldwide, there have beearine offshoreoil well blowout incidents thadischargd 100,000 barrelsr
more(Table2). While the 1969 Santa Barbara blowout is widely reported to tiaecbargd 100,000

barrel s,

B spit vBlanseforatte fn¢ideriiseB0,000 barrels.

20 Herbst 2014.
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Table 2: Ten Largest Offshore Well Blowouts Worldwide, Ordered by Volume?!

Date Dg:;clig)n Location Volur?bebﬁpilled
Ixtoc 122 6/3/1979 290 Bahia del Campeche, Mexicc 3,300,00 -
10,190,000
Deepwater HorizoMC252® | 4/20/2010 8424 Gulf of Mexico, USA 4,200,000
Bull Run/Atwood Oceanics = 1/1/1983 unknown Dubai, UAE 2,000,000
Abkatun 91 10/1/1986 | unknown | Bahia del Campeche, Mexicc 247,000
Montar&® 9/21/2009 74 days @ Timor Sea, Australia 28,600- 214,300
Ekofisk Bravo B14 4/20/1977 | 7 days | North SeaNorway 202,381
Funiwa 5 1/17/1980 16 days @ Gulf of Guinea, Nigeria 200,000
Hasbah & 10/2/1980 9 days | Persian Gulf, Saudi Arabia 105,000
Iran Marine International 12/1/1971 unknown Persian Gulf, Iran 100,000

Alpha Well 21 Platform A 1/28/1969 | 11 days | Pacific, Santa Barbara, USA| 80,000- 100,0088

In theUnited Statesthere have been 31 reportftshoreoil well blowouts since 1964, of which only

two blowoutswere80,000 barrels or largdifable3). Overall, BOEM researchers calculated that
Acatastrophico well bl owouts of one million barre
once every 165 yeaf$.This means that ia single year, there is a 0.6% probability of such an event.

The Deepwater Horizon Macondo MC157 incident is the only U.S. spill that meets the BOEM criteria for

a catastrophic incident

2! Data from ERC spill databases; referenced in Etkin 2009.

22Boehm and Fiest 1982; Dokken 2011; ERCO/Energy Resources Co., Inc. 1982.

2 Fitch et al. 2013; Hauck et al. 2013; McNutt et al. 2012a, 2012b; Oldenburg et al. 2011.

2%BSEEOGs datadniflavidardtion is 84 dayslo was Apr 22 10:22am CDT (when Deepwater Horizon rig

sank) to July 15 14:24 CDT, 84 daykased on findings d&ct for phase 2 of the trialJudge Barbieand Mag.

Judge Shushan, 2015Flow duration has been reported as being from 84 to 87 days. For example, on October 5,

2015, the Department of Justice released the U.S. District Court for the Eastent Distouisiana Consent

Decree Among Defendant BP Exploration & Production, Inc., the United States of America, and the States of

Alabama, Florida, Louisiana, Mississippi, and Texas, which was accompanied by a timeline that stated that on July

15, 20&0 8d@dfdays of oil & gas pouring i ntdayperioce Gul f, M
starts with the April 20, 2010 explosion on Deepwater Horizon and the beginning of the blowout from the Macondo

MC252 well. The 8®ay time period is alsceferenced in the National Commission 2010 report, the United States

V. BP et al. 2015 d Despwateriarizoh OilcSpill: DraftiPbgran®atié Bamage

Assessment and Restoration Plan and Draft Programmatic Environmental Impact Statdesesetd on October 8,

2015.

25 Commonwealth of Australia 2011.

26 Qudenhoven 1983.

27 ClarkeandHemphill 2001

®BSEEG6s official estimate is 80,000 bbl (Anderson et al
29 Based on analysis of 19@012 OCS spill data with 95% confidence interval ot@t£500 years (Ji et al. 2014).
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Table 3: Top 10U.S. Offshore Qil Well Blowoutssince1964, Ordered by Volumé®

Well3t ’ Date ’ Location ‘ Barrels Spilled Oil Type ‘

Deepwater HorizoMC252 4/20/2010 GOM 4,200,000  crude
Alpha Well 21 Platform A 1/28/1969 Pacific 80,000- 100,000 | crude
Main Pass Block 4{MP-41C)? 2/10/1970 GOM 65,000  crude
ST-26B 12/1/1970 GOM 53,000 | crude
Greenhill Timbalier Bay 251* 9/29/1992 GOM 11,500  crude
SS149B% 10/3/1964 GOM 5,100 crude
Hebert Bravo 1A 2/19/1979 GOM 3,500  condensate
SS72 Well 3 3/16/1969 GOM 2,500 | crude
SS29-Caisson 7 7/1/1965 GOM 1,690  condensate
BLDSU 6* 1/13/1995 GOM 800  crude

2.1.3 Blowout Flow Rates and Durations

Blowouts usually have discharge flow rates that vary during the course of the events, both from changes
in the well and hydrocarbon reservoir as well as blowout control actions. In most cases, there is an
attempt to calculate the blowout volume from aarage flow rate.

Volumg,,..= flowratg,,,,. Qluratio

bbl

Volum bbl F—
%Iowout ( ): day

@ays

Flow rate data of historical blowout incideti@vevaried considerably, likely due to different
calculations Flow rates for incidents with reasonably reliable data are showahile4. Estimatediow
rates of U.S. OCS wells range from less than a barrel a day to more than 449,000 barrel® per day.

30 Etkin 2009; Danenberger 1980.

3! Incidents marked with asterisk (*) occurred in state waters.

32 Alpine Geophysical Associates 1971.

33 Some reports two blowouts (999B and SS49B) as a single incident (Ship Shoal B8/166199) with 11,847

bbl rel eased rather than a total of 6,689 bbl, whi ch i :

34Finley et al. 1995.

35 Low-pressure production weltequire gas lift or other procedures to force the oil to fldwother wellshe
pressure of the resmir is sufficient to pushhe oilto the production platformData from oil spill response plans
(OSRPs) submitted to BSEE.
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Table 4: Estimates of Average Daily Flow Rates for Selected Historical Well Blowouts

Incident®® Average Oil Flow Rate (bbl/day) Peak Flow Rate(bbl/day) |
Deepwater Horizon MC252 28,800- 35,0067 35,900- 60,000
Ixtoc I-High Estimaté® 35,000 unknown
Yum ll/Zapoteca 30,000 unknown
Ixtoc I-Low Estimate 11,400 unknown
Ekofisk Bravo B14 28,080 28,080
Hasbah 6 11,667 11,667
Alpha 21A (Santa Barbara) 7,272- 9,090 7,272- 9,090

Likewise, flow durations have varied for various blowout incidefrisa blowout, the flowduration is
dependent on the oil reservoir characteristics and the tendency for the well to fill in or bridge naturally,
and the timing of the interventiorGenerally, if a well is detected to have a blowout, an intervention plan
is initiated nearly immadtely depending on the circumstance of the incida@hie length of time

required to complete an interventi¢re., source contrgldepends on a large number of characteristics
specific toeachwell and logistical considerations related to the intervention operatmsce control
operations are discussed in greater detaildlume Il of this study

Many blowouts release relatively small volumes of oil into the environmentoieéperiodsof time°
As shown in the data ifiable5, which is based on international d&é% of blowouts have durations of
less than five days; 25% have durations of lean 2 hours Durations vary by well type

36 Unless otherwise noted, the average flow rate was determined by dividing the total volume of spillage by the
number of days dfow.

37 The government estimates were that the flow rate began at about 62,000 BOPD, and declined to about 53,000
BOPD by July15, 2010 (Lehr et al., 2010; Oldenburg et al 2011; McNultt et al., 2011, 2012a,b; Hauck et al., 2013)
%8 Based on Dokken 2011.

39 The average flow rate for the Alpha-21(Santa Barbara) blowout is based on dividing the 860IMO000 bbl

total spillage by the 11 days of flow.

40Dyb et al. 2012; Holand 2013.
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Table 5: Distribution Blowout Duration *

Duration of Surface Flow

Operation Phase 010 10min- 40min- 2hrs - 12hrs - 2days- >5days
min 040 r O 2 | 012 t O2 di O5 d:
Development Deep 0% 0% 17% 32% 17% 13% 17%
Development Shallow 0% 0% 18% 12% 23% 17% 23%
Exploration Deep 0% 0% 5% 11% 28% 13% 39%
Exploration Shallow 0% 4% 8% 17% 8% 22% 33%
Completion 0% 0% 0% 11% 22% 0% 67%
Workover 0% 5% 0% 19% 43% 8% 24%
Production 0% 0% 0% 0% 50% 22% 25%
Wireline 25% 0% 0% 50% 25% 0% 0%
Total 1% 3% 6% 15% 26% 14% 31%

The flow durations for selected historical international blowouts are shoWabie6. The longest
duration offlow was for the Ixtoc | incidenwhichreleased oil for 290 days in 1979 and 1980.

Table 6: Blowout Durations for Selected Historical Blowou Incidents*?

Blowout Incident Duration (Days)

Ixtoc | 290
Deepwater HorizoMC252 84
Labrador Relief Well 75
Montara 74
Yum ll/Zapoteca 51
Main Pass 41C 30
Labrador Cap 25
Funiwa 5 16
Greenhill TB251 14
Alpha 2%A (Santa Barbara) 11
Hasbah 6 9

Ekofisk Bravo B14 7

Trinimar Marine 327 5

41 Based on data in Holand 2013.
42 Etkin 20009.
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2.2 FACTORS THAT MAY AFFECT THE CONSEQUENCES OF AWCD SCENARIO

Historical data provide one way to evaluttepotential for blowouts for which response preparedness
needs to be considereBast incidentshowever haveoccurred under different circumstances than those
that may occur in the near and more distant futitris important to consider the changing landscape of
oil exploration and production that may affect the nature of fullaneoutsand thetypes of response
strategies and capabilities tivaduld be required.

2.2.1 Geology

The geologic conditions of the OCS vary greatly among regions, and affect the potential for oil and gas
exploration. Areas that have been heavily explored, such as the Gidkmfo OCS Region where there

have been more than 46,500 wells drilled over 50 years, have long registries of geologic data. By
contrast, the U.S. Chukchi Sea is considered a nf
unexplored® The geologyn the U.S. Beaufort Sea is analogous to the onshore Alaska North Slope.

Although lightly explored, the geology is well understood. In some respectsywagspzones of the

Gul f of Mexico also represent Afrontier areas. 0

Despite improvements in seism@chnology, frontier areas may present greater potential for blowouts
due to the unfamiliarity with the areas and because of the different conditions of the oil reservoir,
pressures, or other geologic conditidh8Vith increased understanding of theseaarand the gathering
of greater geologic data, the potential for a blowout may be reduced.

2.2.2 Natural Disasters

Oil well spill events may be caused by external factors such as earthquakes and hurricanes. While these
events may not always technically causesa of well control or blowout, there may still be considerable

oil outflow, especially given the concurrent emergency conditions that may preclude prompt and effective
source control.

Offshore platform design criteria for earthquake resistance haveskaetined and various newer
designs are claimed to be able to withstand earthquakes of 5.0 to 6.0 on the Richter scale, with some even
claiming resistance to over 8.0 on the Richter sté}¢’

Hurricanes cause about 25% of offshore platfoeiated spillswhich is a particular concern in the Gulf

of Mexico. A study conducted on Gulf of Mexico platforms found that seven out of 3,400 platforms
toppled and an additional three had major damage during Hurricane Ivan iff 208@&her factor to

consider witlrespect to hurricanetamaginglatforms is that there is the potential for more than one

well associated with the platform to spill oil. The threats posed by hurricanes are mitigated by standard,
early shuiit procedures.

4 BOEM 2012a.

44 Holland-Bartds and Pierce 201 National Commission on the BP Deepwater Horizon Qil Spill and Offshore
Drilling. 2011

45 Gudmestad 2003.

46 http://www.marinetechnologynews.com/blogs/prirazlomndgadetailse28093part2-700440

47 http://www.shell.com/global/aboutshell/majprojects2/sakhalin/plaorms.html;
http://www.stos.co.nz/maui.asp

48 Energo 2006.
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Incidents that occur during wiéberrelated natural disasters cause considerable issues with regard to
intervention or source control measures and spill response. Many offshore operations cannot be
conducted during hazardous weather conditions. These delays will allow for morkeoieieased from
the well.

2.2.3 Water Depth

Water depth contributes the potential of blowouts a number of waysDrilling in deeper waters

requires newer and more advanced technoloddes to their complexity, these technologies may have

more potential to fail than simpler, shallevater systemsDeepwater wells may also coincide with

higher temperature and pressure geological formatitinsh also increaséhe potentialof a blowout*

Most ceepwater wells are farther from shore than shallow water wells which exposes them to harsher
weather conditions and sea states, and makes it more difficult for oil spill response and rescue operations
to reach these wellsThere are no dataoh o wo ut s déepwateddrillingroerations as there

have been no incidents at these depthisra-deep wells are relatively rare and only three exploration

wells and six development wells were drilled in ulteepwaters between 2003 and 2G12.

The past five decades have seen a steady trend of drilling in increasingly deeper waters in the Gulf of
Mexico (Figure5); however, it should be noted that less tBd@1% of all wells drilled and less than
1.1% of all platforms operating in the Gulf of Mexico are at depths of 3,280 ft. or greater.

12,000

10,000

oo
o
(o]
o

Water Depth
(=]
[==
=

1940 1950 1960 1970 1980 1990 2000 2010
Year
Figure 5: Wells Drilled in Gulf of Mexico by Water Depth (in feet) 1940- 20152

Water depths directly correlated with the complexity of technology and operations, as well as the
frequency of safety incident$.There have been changes in drilling technologies that both reduce the
potentialfor ablowout (e.g.BOP9, as well as changes that lgbssibly increase the severity of the
blowout such as drilling at increasing water depth.

®Definitions of whatroowsatiyt ut-wiSrkidd asehbse Incated indvater p
depths greater than 500 ft. A commaeafidition of deep water used by industry and regulators across the world is
greater than 1,000 meters or 3,280 fddbland, 2013.

50 Ultra deepwater is defined as 10,000 of depth or greater.

51 Dyb et al. 2012.

52 From: BOEMRE as presented in National Coission 2011.

53 Jablonowski 2007; Malloy 2008; Muehlenbachs et al. 2011.
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Drilling in deep water presents challenges, suct as:

1
1
1

= =4

Risers connecting drilling vessels to BOPs on the seafloor have to be greatly lengthened,
Risersmay beexpased to strong ocean currents, especially in the central Gulf of Mexico;
Managing higher volumes of mud and drilling fluid in long rises places greater demands on
operators;

Connecting and maintaining BOPs thousands of feet below the water ssitid®ically

difficult, and requireshe use ofemotelyoperated vehiclesROV9);

BOP maintenance becomes more complicated at depth because of low water temperatures and
high water pressure;

BOPs require highestrength material®,and

Formation of methanydrate$? which can destabilize the drilling foundation and present well
control problems and block the flow through deep pipelines and coftuits.

In shallow waters (less than 656 feet), exploration and development rigs involve comparatively simple
operaions and well constructionThere is direct access to well control prevention mechanisms, including

BOPs®®

2.2.4 Subsurface Well Depth

Increasingsubsurfacavell depth(i.e., the depttthat a well is drillecbelowthe ocean flogris also
correlated with higher formation pressures and temperat@iase the miell990s, the Gulf of Mexico
has seen a trend of increassupsurfacevell depths Figure6).

54 National Commission on the BP Deepwater HorizalnSpill and Offshore Drilling2011; Holand and Awan
2012; Holand and Skalle 2001.

55 Whitby 2007.

56 Methane gas trapped in ice foraslow temperature and high pressure.

57 Boatman and Peterson 2000.

58 BOEM 2012a.
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Figure 6: True Vertical Depth (Subsurface) of Wells in Gulf of Mexico®®

Deeper reservoirs and higher well pressures and temperatures create unique challenges for drilling
operations, which require careful balancingudssures to prevent well collapse from excessive pore

pressures, or fracturing of rock and loss of circulation from excessive drilling pré&sguda n a g e d
pressure drillingd (MPD), an adaptive dprofilé | i ng pr
throughout the wellbore, helps to ascertain downhole pressure environment limits and to manage pressure
accordingly MPD is intended to avoid continuous influx of formation fluids to the surface and safely

contain any influx during operatiofSThis approach allows drilling in places where it previously had

been infeasible, and allows for the drilling of high pressure wBleeper reservoirs also often contain

larger hydrocarbon reservoirs, which increases the potential volume of dischargmibatl@loes occur.

2.2.5 Higher Temperature and Pressure Wells

Wells drilled into geological formations that have high temperatures and high pressures (HPHT wells)
present greater blowout potentialdigh formation pressures are of particular concern wiipect to
blowouts because high pressures within a well bore are the basic cause of all blowouts, and blowouts
associated with highressure reservoirs can result in high blowout flow rates, which in turn increase the
magnitude of oil dischargeél. As a esult, blowout incident rates for HPHT wells are about six times
higher than for typical wells.

2.2.6 Extreme Conditions and Human Error

As with many oil spills, human error coupled with mechanical or equipment failure is at the root of many
offshore well blowaits® The level of trainingand c¢c o mpiasmyfés y cul t ur edthatar e i mj
influence the likelihood of blowouts occurriffgWorker performance in extreme climates and

59 DeBruijn et al. 2008.

80 BOEM, 2012a.

61 Qutob 2012; Elliott et al. 2011.

62BOEM 2012a.

63 Jablonowski 2007; Muehlenbachs et al. 2011; BOEM 2012a; Winter 2010.
64 Jablonowski 2007; Vinnem et al. 2010.
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temperatures can be compromisé&ar example, colder temperatures in thetidrcould possibly be
associateavith higher rates of human errtbrat could be a factor in intervention and response

operations$® Colder temperatures can be expected to affect response operations and intervention
operations due to changes in the waysliich equipment and metabmponerg handle under these
conditions®® Arctic conditions can also create challenges for response and intervention operations due to
logistical constraints related to remoteness, or due to the presfesesice.

2.3 M ODELING THE CONSEQUENCES OFWORST CASE DISCHARGE S

To examinethe consequences differentworst case dischargeenariosoil spill transport modeling was
performedfrom nine locationsacrosghreeOCSregions (Gulf of Mexico, Pacific, andrctic). The

purpose of the modeling waspoovide ingght into the probable behavior and transmdtihe spilled oil,

and its potential for impacting the environmeRobr this study, it was determined that the release of oil
would occurat asubsurfacdevel, therdore the first s¢p in the modeling process was an analysis of the
oil discharge as it was released into the water column at.d€pthneaifield plume analyses eve
conducted using the OILMAPDeep blowout méded determine the nedield buoyant oil ad gas

plume dynamics for the deepmater blowout analyses. The initial conditions resulting from these analyses
were then used as inputs to 8®AP model, which tracks fafield transport and weathering of the
released oil. For the Arctic locatigrtheeffects of ice interactions with oNere alsaconsidered in

addition to the standard open water fates and transport processes accounted for in the SIMAPh@odel
results of 100 separaspill simulations for each scenasigere then combined to creatmchastic

probability datdor the potentiabf oil to contactvarious aspects ¢he surrounding environment.

2.3.1 Near-Field Oil Plume for Subaurface Discharges

The objective of the first step in modeling using OILMAPDeep was to characterize the odsajed gnd
buoyant plume mixture (oil, gaand water) discharged from the wellhead blow&igre7). In most

blowout cases, this nefield regionis within a few hundred meters of the wellhe&kyond that

distance, the plume becomes neutrallpyant at the soalled trapping height and oil is released from

the plume as droplets that rise and continue to be transported independently by. clinebtswout

model solves equations for the conservation of water mass, momentum, buoyancy, and gas mass using
integral plume theory, following work outlined in McDougall (1978 additional description of the
OILMAPDeep modeling system is provided in ggndixA.

The inputs to the model include flow rate, ga®il ratio (GOR) of the released hydrocarbons, and
aperture or pipe diameter as listedable10. The results of the nedield model provide descriptions of
the behavior of the blowout plumes, their evolution within the water column, and the expected initial
dilutions (concentratiodecreases) with distance from the wellhead (seaflddm results provide
information about the termination (trapping) height of the plumes and the oil droplet size distributions
associated with the releases.

The oil droplet size distribution has a pyohd effect on how oil is transported after the initial plume, as
the size dictates how long the oil droplet will remain suspended in the water cdlange droplets will

reach the surface faster, potentially generating a floating oil slick that iilldth surface winds and
currents Small droplets will remain in the water column longer and be subjected to the subsurface
advectiondiffusion transport As the oil is transported by subsurface currents away from the well site,
natural dispersion of &oil droplets quickly reduces hydrocarbon component concentrations in the water

85 Eschenbach and Harper 2006.

66 Personal communication, Capt. Scott Powell, Arctic Salvage Research Foundation, September 2015.
57 McDougall 1978;Fannelgmnd Sjgeri980; Spaulding 1982; Kollurli993 Spaulding et aR00Q Zheng et al.
2002, 2003
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column, with decreasing concentration at increasing distance away from the wellasitever, lower
rise velocities of the oil droplets correspond to longer residence ¢ihudissuspended in the water
column and thus a larger volume of affected water.

sea surface

—p

oil droplets

ambient
current

two-phase
plume

gas bubbles i ]
» oil y '

“— potential hydrate formation

buoyant plume

entrainment

jet

bottom sediment

Figure 7: General Schematic Showing Profile and AssociatedDynamics ofDeepWell Blowout

Depending on the environmental conditions near the sgiition, there may also be significant
degradation (decay) of the oil before surfacing occlite oil decay rate is typically higher in warm
water environments where biological productivity is high and microbial organisms may play an active
role in the lbeakdown of oil Thus, if the oil remains in the water column longer, there may be
significantly less oil by mass that eventuatbaches the surface of the water column

From an oil spill response perspective, a turbulent blowout that results inriregitor of very small oil

droplets essentially acts as a natural dispersion mechanism, as these smaller size particles effectively keep
the oil from surfacing On the other hand, with large droplet sizes, there will be quick surfacing of all,

which will limit the subsurface volume exposed to oil, but result in a larger surface oil slick.

The droplet size distributions predicted by OILMAPDeep are calculated based on an estimate of a
characteristic diameterdgl and the RoskiRammler distribution.In the alsence of dispersant

application, the predictedgds most heavily influenced by the exit velocity of the discharge, which is an
indicator of the energy associated with the reled$e interfacial tension (IFT) of the oil also affects the
droplet size ditribution where lower IFT results in smaller droplets.

The results obtained in the ndald analyses were used the startingconditionsfor the subsequerfér-
field modeling conducted in SIMAP. These resuitsude the dcations and sizes of tipfumesat the
termination/trapping heights, and theacacterization of the oil droplet size distributions.
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2.3.2 Far-Field Oil Transport and Weathering

RPS ASAO6s oil s pi | | % daterthiads fafield trasspast araveatherig oieP |
released oiusingsite specific wind data and current data, and sththe-art transport and oil weathering
algorithms Figure8) thatquantifythe surface agaswept by floating oil of varying thicknesseise fate
and concentration of the subsurface oil, trehreas of shoreline affectég oil to varying degrees.
SIMAP is a 3dimensional Lagrangian model, and each component of the spilled oil is repdelsgain
ensemble of independent mathematpzgtticleso r i s pHadh kpdlét 5 a subet of the total mass
spilled and is transported by both currents and surface wind Arifetailed description of SIMAP is
presented in Appendi.

Processesimulated in the SIMAP physical fates model include oil spreading (gravitational and by
shearing), evaporation, transport, vertical and horizontal dispersion, emulsification, entrainment (natural
and facilitated by the application of dispersants), disswiutvolatilization of dissolved hydrocarbons

from the surface water, adherence of oil droplets to suspended sediments, adsorption of soluble and
sparinglysoluble aromatics to suspended sediments, sedimentation, and degr#guicaoy.

Response
Model

Physical
Fates Model

Geogrpahical
Database

Physical-
Chemical &

Toxicological
rajectory _and Database
Concentrations

Figure 8: SIMAP Oil Fate M odel Components and nputs Flow Diagram

8 French McCay2004 & 2009
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Figure 9: Open Water Oil Fates andBehavior ProcessesSimulated in the SIMAP M odeling System

2.3.3 Stochastic Probabilities of Contact for Oil Discharged Into the Environment

SI MAPGs stochasti c nheprebability of contecteyloil ovarioud redoeaesni n e

The stochastic analysis is a statistical analysis of results generated from many different individual
trajectories of the same spill event with each trajectory having a different spill start time selected at

random from a relativeljong-termwindow. Therandom start time allows for the same type of spill to be
analyzed under varying conditian¥o reproduce the natural variability of winds, the modesused

data which varigboth spatially (multiple points) and temporally (changing with tinid)e

hydrodynamic and wind data hindcast data sources used for each study region are described in this section
andAppendixD: Environmental Model Input Data

The stochastic analysis provides two types of information: 1) probability of various areas experiencing oil
exposure, and 2) the shortest time required for oil to reach any point within the areas predicted to be
oiled®® FigurelOillustrates the stochastic modeling process, with the left panel showing four individual
trajectories predicted by SIMAP for an arbitrary example scen8egause thesedjectories started on
different dates/times, they were exposed to varying environmental conditions, and thus traveled in
different directions To compute the stochastic results, all 100 individual trajectories (like the four

shown) are overlaid, and thember of times that a given location is reached by different trajectories is
used to calculate the probability of oiling for that locatidiis is shown as the stacked results in the

right panel ofFigure10. The predicted cumulative footprint area and probabilities of surface oiling, as
shown by the last map in the stacked figures to the right, are generated by a statistical analysis including
all 100 individualtrajectories It is important to note that a single trajectory (from one spill release time)
encounters only a relatively small portion of the overall probability footprint derived from all 100

8 These two endpoints are used to support evaluation of OSRPs
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individual trajectories This information is presented inishportion of the overall study for surface oil,
shoreline oil and oil within the water column.
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Figure 10: Examples ofFour Individual Spill Trajectories and Resulting Cumulative Footprint Area
Predicted by SIMAP for a Generic Spill Scenario

The stochastic model is capable of evaluating areas affiectdidferentconcentrationsf oil over a
prescribed minimum threshold valu€hese thresholds are often based on oil spill response requirements
or environmental impact assurigets For this study, the thresholtisted inTable7 andTable8 were
assessed in the stochastic analysis

Table 7: StochasticThresholds for Water Surface and $ioreline Oiling

Cutoff
Threshold
(Mass/Unit

Area)

Stochastic
Threshold

Type

Oil on

Water 8.0 g/nt
Surface

Shoreline

oil 1.0 g/n?

Cutoff
Threshold

QEGERS)

8.0 um,
0.08 mm,
0.0003 in

1.0 um,
0.001 mm,
3.94 x 1®in

Rationale

Minimum thickness for which
response equipment can
skim/remove oil from the
surface, surface dispersants ai
effectivelyapplied, or oil can
be boomed/collected for in situ
burning.

This is the threshold for
potential effects on
socioeconomicesource uses,
as this amount of oil may
conservatively trigger the neec
for shoreline cleanup on
amenity beaches, and impact
shoreline recreation and
tourism

Visual
Appearance

Fresh oil at this
thickness
corresponds to a
slick being a dark
brown or metallic
sheen.

May appear as a
coat, patches or
scattered tar

References

NOAA 2010

French
McCay et al.
2011; French
McCay et al.
2012
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In the model simulations, if oil contained less than 1% of volatile hydrocarbons, it was considered
sufficiently weathered to be a tarball awash by waves and so not included with flaltirag is visible

on the water surface. Thus, the probability of surface oiling and floating oil trajectory results do not
indicate the presence of these weathered tarballs; they depict floating fresh and-pagéitiigred oil

and mousse. However, theathered tarballs, as with surface floating oil, can come ashore if transported
by surface currents towards a shorelifide shoreline figuresiclude these weathered tarballs that have
come ashore. The modeled oil thickness on shore is an average it area for the shore
segmentwhereas actual shoreline oiling may include patchy oil and emulsions (mousse), as well as
tarballs, in a given area

Table 8: Stochastic Threshold for InWater Concentration
Stochastic

Threshold C(:gg)r:fczmres(::)c::? Rationale References
Type
1.0 ppb of dissolved = Water column impacts for both Trudel et al. 1989; Freneh
PAHSs or 1 pg/L of ecological and socioeconomic (e.g., McCay 2004; French
dissolved PAHSs; seafood) resources can be quantified ¢ McCay 2002; French
corresponds to 100 = concentrations exceeding 1 ppb McCay et al. 2012
In-Water pg/L of fresh or dissolved PAH or 100 ppb total oil; this

Concentration = whole oil (THC) in threshold is typically used as a screeni
the water column, as threshold ér potential impacts on
the soluble PAHs are sensitive organisms.
approximaté/ 1% of
the total mass

With regard to irwater concentrations of total hydrocarbons, the 100 ppb threshold is based on fresh
crude oil having aolatile polycyclic aromatic hydrocarbons (PAH) content of ~1% and the 1 ppb
threshold for potential effects from PAH concentrations. Thus, this threshold is conservative as highly
weathered oil would be much less toxic (on a wiwleoncentration basjghan fresh oil upon which the
threshold is based due to its loss of volatile components (including PAHS). In additioawtiterin
concentration results provided in Secti@d 4.3, and5.3indicate when, for any single 3@inute time

step in the model, the threshold of 100 jpbxceeded in a particular cell. Toxicity would be more likely
to occur if there is extended, as opposed to brief, exposure. Therefore, given both these factors
(weathering and duration of exposure), the 100 ppb threshold is a conservative thregiwihtal

effects resulting from water column concentrations.

It is also important to note that this is not a toxicological analysis and this report does not evaluate
impacts to the environment. This is primarily a physical study that investigates, \ghven a particular

set of environmental forcing conditions, released oil may be expected to travel through the water column
and along shorelines over time. More detailed exposure modeling would be necessary to portray water
column effects, which was tside of the scope of this project.

For further context as to the visual appearance of oil at the thresholds prioviddde7, the guidance
provided inTable9 shouldbe used when analyzing the modeling results presented hégin
comparisorpurposesthe thickness of a human hair is 10 to 100 pm
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Table 9: Visual Appearance of Oil on Water Surface at Varying Thicknesses

Oil Thickness Description’® Appearance

0.35 g/n?
(0.35.0 pum;
0.00030.005 mm)

Rainbow sheen

>100 g/nt Fresh oil; brown to black
(>100 pm; >0.1 mm)

Freshoil or mousse > 10,000 g/im  Pooled Oil
(1cm; 10 mm; 10,000 um) thick

Oil or mousse > 10,000 g/ Cover
(1cm) to <10,000 g/f(1cm) thick

< 1,000 g/m Coat; can be scraped off with
(0.1 cm; 1 mm; 1,000 pm) fingernail

100 g/nt Stain; Visible oil which cannot
(0.01 cm; 0.1 mMm100 pm) be scraped off with fingernail
<100 g/n? Film; Transparent or iridescen ¢
(0.01 cm; 0.1 mm; 100 pm) sheen, or oily film

ONOAA, NOS 2007
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2.3.4 General Interpretation of Worst CaseDischarge Scenario ModelingResults

This section provides some notes for the general interpretation of theeteéand farfield analysis
results presented in Section 3.3.3 for the Gulf of Mexico OCS Region, Section 4.3.3 for the Pacific OCS
Region, andsection 5.3.3 for the Arctic OCS Region.

SubsurfaceQil Plume’i Near-Field Analysis

Summary Tables The neaffield oil plume results, as predicted by OILMAPDeep, are presented in
summary tables in each scenario section for all regions T@lgle17) andcontainthe following
information:

1 The oil release depth was the total depth of the water column at each site assuming that the
release of oil was occurring at the seabed.

1 The GORsfor the well locationsvereprovided by BSEE anderebased on actual or estimated
reservoir data collectdaly the various operators. In general, the higher @& @Ghe more
turbulent the subsurfacelease.

1 The oil droplet size distribution in the water column given the physics of the release and the
properties of the oil. The diameter of the median drcgiket from the predicted distribution is
provided in the summary tables.

1 The buoyant trapping depththe water column deptlaspredicted by OILMAPDeep The
buoyant trapping depth is the point in the water colwhare oil droplets are no longer fodcky
the physics of the releaptumeand begin to behave based on their own buoyancy. Depending
on depth, pressure, and size, droplets may begin to rise or stay trapped at depthfidide far
transport modeling is initiated at the buoyant trappinghdept

1 The percentage of oil mass to reach the surface andttiates for that fulpercentage of the
total mas®f theoil released to rise to the surface.

Note that the rise velocity of oil droplets calculated in OILMAPDeep is a simplification ofdlcegses

that are occurring and included in the SIMAP model. Some of the processes that affect the rise velocity
include the degree of weathering thus a change in oil density, the density of water at depth and vertical
stratification. Therefore, rise \adities presented herein using OILMAPDeep for the fiekd model are
approximations and may differ from those derived during thé&dlt modeling using SIMAP. It is also
important to note that the flow of the blowout well could, and often does, chartge blowout naturally
bridges, the reservoir is depleted, or the reservoir pressure reduces. However, the modeling for this task
doesnot consider changes in flow or changes in oil characteristics.

Surface Oili Far-Field Analysis

Summary Tables:Various metrics and statistics of interest (gagopability of exceedance above

shoreline oil threshold, shoreline length (miles) affected above thresimidjhe farfield stochastic

modeling are summarized in tables in each scenario sectionl@bte18). Statistics are shown by each

oiling threshold of concern representing potential impacts to socioeconomic and environmental resources
(1 g/n?) and implicatims to cleanup activities (8 gfin

Probability of Oil Contact Figures: The probability of oiling maps for each scenario define the area and

the associated probability in which sea surface (Bigure23), water column (e.gFigure24), and

shoreline oiling (e.gFigure25) above the defined thresholds would be expected should a worst case

blowout occur. The colored area in the stochastic maps indicates areaaytateive oil pollution in

the event of that particular spill scenari o. The
be affected; the cooler the colors (e.g., greens), the less likely an area would be affected. The probability

of oil contamination was based on a statistical analysis of the resulting ensemble of individual trajectories

for each spill scenario. These figures do not imply that the entire contoured area would be covered with

oil in the event of a spill, nor do they prdei any information on the quantity of oil that would be found

in a given area.
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Minimum Travel Time Figures: The footprint of the one minimum travel time map per scenario (e.g.,
Figure23, bottom) corresponds to the oil contamination probability maps for oil above the threshold (8
g/n?) in which response equipment can be used. These figures illustrate the shortest time required for oil
to reach any point within the fgarint at a thickness or concentration exceeding the defined threshold for
surface oiling. These results are based on the ensemble of all individual trajectories. It is important to
note that these minimum travel time figures represent time since thefgtee release, and so include the

rise time for the oil to reach the surface, as derived from thefisdchanalysis discussed above.

2.3.5 Worst Case Discharge Scenario Selection

Nine WCD oil spill scenarios, as shovin Tablel0andTablell, were selected for modelind.ocations

for the scenarios are shownhkigurell, Figure12, andFigure1l3. For each scenario, a representative oil
type was chosebased on information on typiceAPI values found in each regioand a full list of
properties for these oils is providedAppendixE: Oil Characterizatiomnd Chemistry The duration of
flow for the baseline modeling involved the longest potential duration ofloieh was assumed to be a
flow that would be stopped by successful intervention with a relief well.

The scenarios were developed for purposes &fpill response analysid'hese scenarios are extreme
examples and do not represent likely events
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Table 10: Inputs for WCD Modeling Scenarios

. . . Water : Sea/Water Open Hole 0]]
Scenar|7ol PTG Lease Block L) DISELEE Interface Diameter EIOI 23 | Name/°API™
Number Area Longitude from Shore . S . (scf/STB)

Diameter’? (in) (in)
1 Central Mississippi 28.157842 3,030 53 miles 14.000 10.200 894 South LA Crude
GOM Canyon (MC807) -89.2156 (46 nm) 34.5
5 Central West Delta 29.13848 35 6.4 miles 10.750 9.875 588 | South LA Crude,
GOM (WD28) -89.563623 (5.6 nm) 34.5
3 Central West Cameron 29.388171 42 29 miles 7.750 6.500 3,448 South LA
GOM (WC168) -93.406424 (25 nm) Condensate, 57.!
Western High Island 27.943209 334 129 miles 14.750 9.875 1,220  South LA Crude,
4 GOM East/South Ext. | -93.667917 (112 nm) 34.5
(HIA376)
5 Central Keathley Canyon 26.080171 6,940 250 miles 13.625 12.250 893 | South Louisiana
GOM (KC919) -92.037507 (217 nm) Crude, 34.5
6 Central DeSoto Canyon | 28.785337 4,490 116 miles 13.625 12.250 654 | South LA Crude,
GOM (DC187) -87.39878 (101 nm) 34.5
Southern Santa Maria 6683 34.33732 1,073 9.2 miles 9.625 6 3,000 Point Arguello
7 California -120.4209 (8 nm) Light Crude,
30.3
Chukchi Posey 71.102403 150 69 miles 12.348 13.375 800 | Alaskan North
8 Sea 6912 -163.2819 (60 nm) Slope Crude,
30.9
Beaufort Flaxman Island 70.227 120 4.5 miles 8.544 9.625 900 ' Prudhoe Bay
9 Sea 6610 -146.0186 (3.9 nm)® Crude Low
Volatile, 24.8

" For each of the two Arctic locations (Chukchi/ Beaufort), there are two seasonal scemmgosarly and one late season, the latter of which may involve ice.
2These are not pipe diameters. These are the open hole diameters used to calculatestitaihidMEDs.

73 Standard cubic feet per stock tank barrel.

74 An alternative measure of density of oil; the higher the °API, the lighter the oil.

S Distance is to mainland, distance to coastal barrier islands is 1.5 miles (1.3 nm).
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Table 11: Discharge Parameters for Study Baseline WCD Scenarios

Flow Duration

Sub-Optimal

flﬁ‘::rr]]t?:ro Planning Area Lease Block \F/{V;E (EL(I))/(\jlay) (F\(’jzl;esf)Well Only ;r/gtﬂhvc\a/c(:bDbl) ggl'flltrzf}l (3&01;2)26 (Sdc;l;,rsc)e Control
1 Central GOM MC807 449,000 182 81,718,000 21 60
2 Central GOM wD28 97,000 37 3,589,000 7 28
3 Central GOM WC168 26,400 76 2,006,400 7 28
4 Western GOM HIA376 77,000 50 3,850,000 7 28
5 Central GOM KC919 252,000 120 30,240,000 21 60
6 Central GOM DC187 241,000 106 25,546,000 21 60
7 Southern Santa Maria 6683 5,200 170 884,000 1 17
California
8 Chukchi Sea Posey6912 25,000 28 700,000 7 21
Beaufort Sea Flaxman Islan&610 16,000 30 480,000 7 21
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Figure 11: Locations of Gulf of Mexico OCS RegionScenarios for Worst Case Discharge Analysis
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2.3.6  Benchmarking of WCD Scenario FlowVolumes

The total volume of discharge based onaterageadaily flow rate and the duration of flow is of greatest
concern in determining impacts of blowouts and the necessary spill respdhsestal volumes of

spillage for the modeling scenarios (ldhem durations assumed fuccessful intervention wittelief
wells) were benchmarked to thetualvolumesof oil spilled forthe largest worldwide blowouts, as

shown inTablel2 andFigurel4.

Table 12: Study ScenarioTotal Blowout Volume Benchmarking Relative to Highestvolume

Relative to Past Incidents

. Deepwater Ixtoc |
Study Scenario Volume (bbl) Horizon (High)/Study
MC252/Study Scenario
Scenario
Scenario 1 (Central GOM MC807) 81,718,000 19.457 8.019
Scenario 5 (Central GOM KC919) 30,240,000 7.200 2.968
Scenario 6 (Central GOM DC187) 25,546,000 6.082 2.507
Scenario 4 (Western GOM HIA376) 3,850,000 0.917 0.378
Scenario 2 (Central GOM WD28) 3,589,000 0.855 0.352
Scenario 3 (Central GOM WC168) 2,006,400 0.478 0.197
Scenario 7$M6683 884,000 0.210 0.087
Scenarios 8/9R6912) 700,000 0.167 0.069
Scenarios 10/11H6610) 480,000 0.114 0.047
bbl Total Blowout Volume Benchmarking
90,000,000
80,000,000 7]
70,000,000+
60,000,000+
50,000,000
40,000,000
30,000,000+
20,000,000+
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Figure 14: Total Blowout Volume Benchmarking Comparison
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3.0 WCD PROFILES FOR THE GULF OF MEXICO OCSREGION

The Gulf of MexicoOCSRegion has, by far, the greatest number of vegits the highest production rate
(91%of total U.S. OCS productigramong the OCS Region3 he three Gulf of Mexic®@CSRegion
Planning Areas, along with individual drilling platforms, are showfigurel5. The numbers of
producing wells by time period aie Table13.

Drilling Platforms
(0]

0il and Natural Gas Wells

Unofficial OCS Boundanes
Limit of '8(g) Zone®
— Submerged Lands Act Boundary

Active Oil and Gas Leases

Figure 15: Gulf of Mexico OCS Region Well Map®

Table 13: Number of Producing Wells in the Gulf of Mexico OCSRegion’’

Time Period Number of Producing Wells During Time Period
1940- 1963 0
1964- 1994 12,645
1995- 2004 13,560
2005- 2013 8,946

3.1 GEOGRAPHICAL ANALYSIS OF GULF OF MEXICO OCSREGION WCD VOLUMES

AnArcGIS1 0 compati bl e Awasdveatptiat gecgraphioadyrdisplays the WCD

volumes specified i®il Spill Response Plan®SRP3for eachOCSregion (Arctic,Pacific and the

Gulf of Mexico)as of Decembet2,2014and July8, 2015(the dats on which the data were received)

WCD locations are representasl symbols of varying sizgoportional tahe corresponding/CD

volumes The map also provides the state and federal protractions foO&28Region Graphs with the

WCDs grouped by volume and distance from slweprovided for eacl©OCS Region The tables and

graphs are linked into the /npolyans Eepresentng tinetmmede as f i
OCSRegionsarechosen, the summary information is made availajgendixF: WCD Portfolio

Metadatgpr ovi des t he met adat a Thiosection bftherepart pcoMstiie E d o c u me
analysis 6the WCD volumes for the Gulf of Mexid@CSregion.

An important caveat for this analysssthat the WCD information iderivedfrom the OSRRand does
not include all of the wells in the Gulf of Mexicd herefore, information presented is based on a
representative number of wells presented in the OSRPs as of Dedéy@t4 and the data alyzed
herein should be considered a sample dataset @utief Mexico OCSpopulation The data points

76 http://www.arcgis.com/home/webmap/viewer.html?webmap=0275bf48adde40d88df75e5ef0a17197

"7 Based on queries dittp://www.data.bsee.gov/homepg/data_center/leasing/WaterDepth/wdlist.asp
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used in these maps containamberof inaccura@sfor various rasons For instance, a number of the
data points in these maps represent a pip&WCD. Therefore, a single point is being used for the WCD
volumes of pipelines that may span a hundred miles in some instances.

Worst Case Discharge Scenarios
" . . %
Worst Case Discharge Regions/Planning Areas | . < 3
g 3911 3
Estimated Barrels Per Day ﬂ:? Gulf of Mexico - Central o y
q
0%:40,000 £ Gulf of Mexico - Eastern M
® 10,000 - 45,000 € Gulf of Mexico - Western e
45,000 - 125,000 Protractions b g€
¢ ? -
125,000 - 250,000 ¢! Protractions e ¢ iy b Yoge, ’
"
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»
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Figure 16: Worst CaseDischargeFlow Rates(bbl/day) Specified in the OSRPL ocations in theEntire Gulf of
Mexico OCS Region as of December2,2014

3.1.1 Spatial and Volume Distribution

All of the WCD volumes specified in theulf of MexicoOSRPsas provided by BSER December

2014 arein the Central and Western Gulf of MexiBtanningAreas(Figure17 andFigure18), with the
majority of the WCD volume®ccurring in theCentral Gulf of Mexicd’lanningAreaFigurel7). There
areno data points in thEastern Gulf of Mexico ancklatively fewin the Western Gulf of Mexico
PlanningArea(Figurel18). Eighty percent of the WCD volumes specified in the Gulf of Mexico OSRPs
are inwater depths less than 3,280(1,000 m); thereforehe other20% of the WCD volumes are
considered to occur in deep watd@te Central Planningreahas clusters of relatively large WQbw
rates(>125,000bbl/day) in deep water relatively close to shore in the Missis§lppiyonarea,

specifically in BSEE Protraction Regions NH-16 NH 1512 and NG 1503 (Figurel7).
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Figure 17: Worst CaseDischargeFlow Rates(bbl/day) Specified in the OSRPL ocations in the Central and

Western Gulf of Mexico Planning Areasas of Decemberl2,2014
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Figure 18 Worst CaseDischargeFlow Rates(bbl/day) Specified in the OSRPL ocations in the Central and

Western Gulf of Mexico Planning Areasas of Decembeil2,2014
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Based on

bbl/day:.

Worst Case Discharge Volume (barrels/day)

Worst Case Discharge Volume (barrels/day)

t he
than 250,00@bl/day occur 50 miles or more from shofehe range of WCDlow ratesfor the Gulf of
Mexico within this sample population of datadito 476,000bbl/day. The average WCHEow ratefor
the locations in the @eral Gulf of MexicoPlanning Areawithin this sample population of daga59,690
bbl/day, while the average WCHow ratefor the Western Gulf of MexicBlanning Areas 13,784

dat a
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Gulf of Mexico - Central Planning Area:
Worst Case Discharge Volume vs Distance to Shore

500,000
°
%
450,000 O
o
400,000 = ° L
350,000 °
°
300,000
. ¢
250,000 *
° ° @ °
°
200,000
L ]
L4 % 00®
150,000 ® o0 °
o °
100,000 ° °
@ : o.. & 3
o
L ] L]
50,000 s ° e

100,000

90,000 +

80,000

70,000

60,000

50,000

40,000

30,000

0

0 m ..\00:.‘.' l.‘ ® 0:0 ®, ..0 ® o

50 100 150
Miles to Shore

& MC807

& WD28

& WC168

© KC919

¢ DC187

@ Other Well Locations

«®

200 250 300
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Figure 19: Distances toShore for WCD Volumes in the Central Gulf of Mexico Planning Area withAll WCD
Volumes {Top) and Those within 50Miles (43 nm) of Shore (Bottom)and the L ocations of theScenariosUsed
in M odeling Highlighted
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Gulf of Mexico - Western Planning Area:
Worst Case Discharge Volume vs Distance to Shore
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Figure 20: Distances toShore for WCD Volumes in the Western Gulf of MexicaPlanning Area with All WCD
Volumes {Top) andthosewithin 50 miles (43 nm) of Shore (Bottom) and the Locations of theScenariosUsed
in M odeling Highlighted

The flow rates for some wella the Gulf of Mexico, such as those selected for the six Gulf of Mexico
study scenarigsanging from26,400to 449,000bbl/day (Table11), are significantly higher #n those
for the Pacific and Arcti©CSRegions
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3.2 OTHER GENERAL TRENDS

Due to rapid development of new drilling technologibs, tegion faces a unique mixture of factors that
could affect the nature af WCD scenario

3.2.1 Water Depth

The trend towardirilling activities in deeper water§dble14) is an important factor that will determine
the nature of future spill scenarios in the Gulf of Mexitdells in deepewaters are generally also
further from shore, which creates challenges for spill response and intervention or source control
operations

3.2.2 Temperature and Pressure

Gulf of Mexico drilling is increasinglynovinginto higher temperature and higher pressaservoirs.
Blowouts associated with higiressure reservoirs can result in higtischarge flow ratés HPHT

wells are defined as those with sliupressures exceeding 10,000 psi (690 bars) and/or batitan
temperatures equal to or above 300°&ndare particulagt common in the Gulf of MexicoOf the

production and development wells tested in the Gulf of Mexico in a study conducted between 1980 and
1996, 0.15% encounter pressures of 10,000 psi or gfédterecent years, the number of HPHT sell

has increased worldwide, including in deegter parts of the Gulf of Mexico, such as Eugene Island,
Mobile Bay, South Texas, and West Cameron, which can be séegune21.8!

Initial reservoir pressure, psi
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Figure 21: HPHT Wells Worldwide 8

3.2.3 SubsurfaceWell Depth Issues

Increasingsubsurfacavell depth, the depthelowthe ocean floor, is also correlated with higher formation
pressures and temperatures. Since thel®@@ds, the Gulf of Mexico has seen a trend of increasing
subsurfacevell depths (refer t&igure6).

8 BOEM 2012a.

®Holand 2013; USDOI 2010; Midé 2010.

80 Holand 2013.

81 Adamson et al. 1998.

82 http://drillenggrouptonshoredrilling. wikispaces.com/Drill+under+extreme+conditions
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Table 14: Water Depth for Gulf of Mexico OCS RegionWells?3

1964- 1994 1995- 2004 2005- 2014

2/f\t/a)lter Depth Wells Drilled Production Wells Wells Drilled Production Wells Wells Drilled Production Wells
' # % # % x % # % # % # %

0-33 2,142 6.8% 979 7.7% 617 5.5% 880 6.5% 243 5.40% 529 5.90%
34-164 15,296 48.5% 6,236 49.3% 4,721 42.2% 6,382 47.1% 1,779 39.20% 3,966 | 44.30%
165- 328 10,535 33.4% 4,298 34.0% 2,924 26.1% 4,422 32.6% 912 20.10% 2,767  30.90%
329- 656 2,072 6.6% 740 5.9% 758 6.8% 920 6.8% 218 4.80% 568 6.30%
657-1,312 873 2.8% 325 2.6% 458 4.1% 492 3.6% 73 1.60% 316 3.50%
1,311- 1,968 297 0.9% 55 0.4% 260 2.3% 147 1.1% 88 1.90% 138 1.50%
1,969- 2,624 113 0.4% 4 0.0% 181 1.6% 50 0.4% 96 2.10% 72 0.80%
2,625- 3,280 130 0.4% 8 0.1% 290 2.6% 114 0.8% 210 4.60% 174 1.90%
3,281- 3,936 31 0.1% 0 0.0% 301 2.7% 71 0.5% 170 3.70% 121 1.40%
3,937- 4,592 12 0.0% 0 0.0% 226 2.0% 19 0.1% 204 4.50% 90 1.00%
4,592- 5,248 4 0.0% 0 0.0% 119 1.1% 19 0.1% 102 2.20% 46 0.50%
5,249- 5,904 7 0.0% 0 0.0% 111 1.0% 22 0.2% 128 2.80% 60 0.70%
5,905- 6,560 3 0.0% 0 0.0% 62 0.6% 9 0.1% 76 1.70% 26 0.30%
6,561- 7,216 3 0.0% 0 0.0% 87 0.8% 11 0.1% 92 2.00% 34 0.40%
7,217- 7,872 3 0.0% 0 0.0% 26 0.2% 2 0.0% 75 1.70% 11 0.10%
7,873- 8,528 0 0.0% 0 0.0% 22 0.2% 0 0.0% 33 0.70% 16 0.20%
8,529- 9,184 0 0.0% 0 0.0% 15 0.1% 0 0.0% 21 0.50% 9 0.10%
9,185- 9,840 0 0.0% 0 0.0% 8 0.1% 0 0.0% 13 0.30% 3 0.00%
9,841- 10,496 0 0.0% 0 0.0% 1 0.0% 0 0.0% 2 0.00% 0 0.00%
Total 31,521  100.0% 12,645 100.0% 11,187 100.0% 13,560 100.0% 4,535 100.00% 8,946 100.00%
Average Depth = 322 ft. 278 ft. 8809 ft. 392 ft. 1,593 ft. 629 ft.

1,311- 2,624 ft. 1.3% 0.5% 3.9% 1.5% 4.0% 2.3%

2,625- 5,248 ft.  0.6% 0.1% 8.4% 1.6% 15.0% 4.8%

>5,249 ft. 0.0% 0.0% 3.0% 0.3% 9.7% 1.8%

83 Derived from data queries dtttp://www.data.bsee.gov/homepg/data_center/leasing/WaterDepth/wdmaster.asp
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3.3 CONSEQUENCE ANALYSIS FOR GULF OF MEXICO OCSREGION
3.3.1 WCD ScenarioSelections

The consequences of various WCDs in the Gulf of Mexico OCS Region were investigated by modeling
Six representative scenarios to determine the potential for spilled oil to come into contact with resources
in the Gulf of Mexico. All of the scenarios excephe(Scenario 4 HIA376) were in theCentral Gulf of
Mexico PlanningArea(Tablel15). The flow rates for some wells in the Gulf of Mexico, such as those
selected for the six Gulf of Mexico study scenaribastle15), are significantly higher than those for the
Pacific and Arcti?OCSRegions With these high flow rates, the likelihood of a largetume well

blowout is considerably greater than in other regidremgervolume scenariosreate challenges for spill
response operations.

Table 15: WCD Scenarios for the Gulf of MexicoOCS Region

oil WCD Flow

Lease Block | Name/°API4 Rate
(bbl/day)

Scenario Planning
Number Area
Central GOM
1
Central GOM
2
Central GOM
3
Western
4 GOM
Central GOM
5
Central GOM
6

Mississippi
Canyon
(MC807)

West Delta
(WD28)

West
Cameron
(WC168)

High Island
East South
Extension
(HIA376)

Keathley
Canyon
(KC919)

DeSoto
Canyon
(DC187)

South
Louisiana
Crude
34.5

South
Louisiana
Crude
345

South
Louisiana
Condensate
57.5

South
Louisiana
Crude
34.5

South
Louisiana
Crude
34.5

South
Louisiana
Crude
345

449,000

97,000

26,400

77,000

252,000

241,000

Flow Total WCD

Duration Release
Relief Well Volume
OAGEYD) (bbl)
182 81,718,000
37 3,589,000
76 2,006,400
50 3,850,000
120 30,240,000
106 25,546,000

84 An alternative measure of density of oil; the higher the °API, the lighter the oil.
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3.3.2 Scenario 1i Mississippi Canyon (MC807)
TheMississippi Canyon (MC807) scenaiiothe Central Gulf of Mexico Planninyeais the largest
WCD scenari@ssessed for ificonsequence analysis

Table 16: Well I nformation for Scenario 117 Gulf of Mexico Mississippi Canyon 807 (MC 807)
WCD Scenario: Lease Block Mississippi Canyon 807 (MC807)

Central GOM Planning Area

Well Information

WCD Daily Flow Rate 449,000bbl/day

Flow Duration Based on Relief Well Completion 182 days

Time

Total WCD Release Volume 81,718,00Mmbl
Simulation Duration (45 days following end of 227 days

release)

API Gravity (South Louisiana Crude) 34.5

Latitude, Longitude 28.157842N, 89.2156W
Depth to Sea Floor 3,030 4

Distance to Shoreline 53 miles (46 nm)

MC807 Oil Plume, Fate, and Transport Modeling Results

The neaffield oil plume simulation found that 63% of the total oil mass would reach the surface within 5
daysof the release and the buoyant trapping depth was 1,759 &s¢e17). Therefore, the fafield oil
transport for this case was initiated fran759ft. with a median droplet size of 211 microrsor

guidance on general interpretation of the plume and stochastic modeling results refer ta2Sdtion

Table 17: Near-Field Oil Plume Behavior for Scenario 1i Gulf of Mexico Mississippi Canyon 807 (MC 807)
WCD Scenario: Lease Block Mississippi Canyon 807 (MC807)

Central GOM Planning Area

Near-Field Oil Plume

Oil Release Depth 3,030 feet
GOR 893.5 scf/stb
Median Droplet Size 211 microns
Buoyant Trapping Depth 1,759 feet
Percentage of Oil Mass to Reach Surface 63%

Time for Percentage of Oil Mass to Reach Surface = 5days

In the Gulf of Mexico, all but onef the six spill scenariosasmodeled with South Louisiana Crude.

South Louisiana Crude is a light crude oil and therefore it does not persist on the sea surface as long as
would a heavier crude or heavy fuel oil (HFO). This oil can readily dissipateti@in naturally into the

water column in rough sea conditions. South Louisiana Crude has a rapid rate of evaporation due to the
high content of volatile components. However, as compared to much lighter oils such as condensates and
diesels, large sp8lof South Louisiana Crude in warmer climates and moderate seas can result in surface
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oil slicks, oil emulsions, and weathered tar mats capable of traveling far distances and may result in
widespread shoreline oiling.

To demonstrate the typical behaviorSiuth Louisiana Crude, an instantaneous release of the oil was
modeled and tracked over timEigure22 provides the results of this analysis and shows the rapid rate of
evaporation that exists and the persistence of the oil on the surface when modeling this oil.

Fate and Weathering of Instantaneous Release of South Louisiana Crude
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Figure 22: Fate andWeathering Graph Showing the Typical Behavior of South Louisiana Crude in the
Environment as aResult of anl nstantaneousRelease

Table18 summarizes the stochastic modeling results of thédht oil transport Statistics arshownby
eachoiling thresholdof concern representing potential impactsdoioeconomi@and environmental
resource$l g/n?) andimplicationsto cleanup activities (8 gAn
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Table 18: Far-Field Oil Transport Summary for Scenario 17 Gulf of Mexico Mississippi Canyon 807
(MC 807)

WCD Scenario: Lease Block Mississippi Canyon 807 (MC807)

Central GOM Planning Area
Far-Field Oil Transport
Modeling Results Showing Potential to Crea®®cioeconomi@nd Environmental Risk

Probability of exceedance above shoreline oil thresh 90-100 % within approxirately 500 miles of spill
of 1 g/nt used to determineffects onsocioeconomic = site; Figure25 - Figure29
resources

Minimum time for oil above the threshold (1 gjnused = 4.0 days
to determine effects agpbcioeconomicesources to
reach shore

Shoreline lengthntiles) affected by oil above the 100% of simulations at2500 mi; ~50% at >8,500 mi
thresholdof 1 g/n? (used to determineffects on
socioeconomicesources) at any instant in time

Modeling Results Showing Potential Implications for Cleanup Activity
Probability of exceedance above surface oil thresbbl Greatest up to approximately 200 miles from the

8 g/n? (minimum thickness for which response release with 410 % probability approximatel900
equipment can be applied) miles from release poinEigure23 (top)

Minimum time (days) to exceed the surface oil <10 days within approximately 128iles of spill site;
thresholdof 8 g/n? (minimum thickness for which Figure23 (bottom)

response equipment can be applied)

Minimum time (days) surface oil greater than 8 §/m 4.5days

(minimum thickness for which response equipment ¢

be appliedyeackes shore

Water surface areanfles’) affected by oil above the | 100% of simulations at >thi?; 67% of simulations at
surface oil thresholdf 8 g/n? (the minimum thickness  >1,000mi?

for which response equipment can be applied) at an

instant in time

Averagepercentage of total oil that is transported out 1.81 %

modeled area

The following set of figures provides the stochastic model results shgategtial implications for
cleanup activity along the water surfaredthe potential to creatcioecononic and environmental
consequences the shoreline and water columfhe modeling results illustrate in gridded format the
spatialextent ofsurface Figure23), water column(Figure24) and shorelineRigure25 throughFigure
29) oiling probabilitiesfor the spillsusing the thresholds outlined Trable7 andTable8.
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182-Day Release of South Louisiana Crude at 449,000 bbl/day Over All Months
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Figure 23: Scenario 1, GOMMCB807 1 Water Surface Oiling Probabilities (Top) andMinimum Travel Times
(Bottom) for Floating Oi | O 8 (0@00g ih, theM inimum Thickness for theEffective Application of

ResponseEquipment)
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Figure23 provides the model resukhowing potential implications for cleanup activity along the water
surface Location of high probabilities adiling thickness above the threshold for which response

equipment can be applied (8 gjrwvould be the regions targal or prioritized for surface cleanup and

removal in a response situatioRrom this analysis, the greatest exceedance of surface oil 28vgém
approximately 200 miles fromte spill site Table18). The minimum time for oil of this threshold to

reach shore was approximately 4.5 days and in the area at the tip of Louisiana off the Mississippi delta or
iBi rds F oTakdled8, FigereRB).oThe higher floating surface oil probabilities {800%) for

MC807 cover a large portion of the Gulf of MexicBimilar to the floating surface oil, the higher
probabilitieswheretotal hydrocarbon concentrat®m the water column would exceed 100 pplswa
widespreadKigure24).

182-Day Release of South Louisiana Crude at 449,000 bbl/day Over All Months
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Figure 24: Scenariol, GOM-MC807i Probability of T otal HydrocarbonConcentrati on O 100 ppb
Threshold abovewhich Potential | mpacts toEcological andSocioeconomicResourcesCould Occur)

The minimum time for oito accumulat@bove thesocioeconomithresholdon any shorelinavas 4 days
(Table18). Within approximately600miles of the spill sitethe probability that shoreline oiling would
exceed thesocioeconomithreshold was 9200% All simulations (100%) in the stochastic &eid over
2,500 miles of shoreline oiled above teecioeconomithreshold, whiles0% showed greater th&500
miles Shoreline oiling above th&ocioeconomithreshold occurred from the Texas coastline all the way
around the Gulf of Mexico to the Floridkaeys (Figure25to Figure29). The highest probability of oiling

is modeled taccurfrom Texas tdhe pamandle of Florida, andlongthe southern coast of the Florida
Keys High shoreline oilingprobabilitiesin the MC807 scenariacover a large portion of the Gulf coast
andmostof thecoastal shorelinsocioeconomi@and environmentaksources in the Gulf of Mexico

would have probable contact with @ik spill of this magnitude were to occur
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182-Day Release of South Louisiana Crude at 449,000 bbl/day Over All Months
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Figure 25 Scenario 1, GOM-MC8071 Shoreline Gling Probabilities for Shoreline Oil (Including Weathered
Tarba | | s) 2(®M x yFHinpthe Minimum Thickness forPotential Impacts to SocioeconomicResources)

along Texas and LouisianaCoasts
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182-Day Release of South Louisiana Crude at 449,000 bbl/day Over All Months
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Figure 26: Scenario 1, GOM-MC8071 Shoreline Oiling Probabilities for Shoreline Oil (Including Weathered
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182-Day Release of South Louisiana Crude at 449,000 bbl/day Over All Months
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182-Day Release of South Louisiana Crude at 449,000 bbl/day Over All Months
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Figure 28 Scenario 1, GOMMCB8071 ShorelineOiling Probabilities for Shoreline Oil (Including Weathered
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82-Day Release of South I.Mllllam Cn.lde at 449,000 bb!ldly Over All Months
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Figure 29: Scenario 1, GOMMC8071 ShorelineOiling Probabilities for Shoreline Oil (Including Weathered
Tarballs )  O2(3.9% k 16°in, the Minimum Thickness forPotential Impacts to SocioeconomicResources)
along theCentral and South Florida Coast
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3.3.3 Scenario 2i West Delta 28 (WD28)

The West Delta 28 (WD28) scenario in the Central Gulf of Mexico Plariegis oneof the smaller
nearshor&VCDsassessed for the consegae analysis

Table 19: Well I nformation for Scenario 27 Gulf of Mexico West Delta 28(WD28)
WCD Scenario: Lease Block West Delta 28 (WD28)

Central GOM Planning Area

Well Information

WCD Daily Flow Rate

Flow Duration Based on Relief Well Completion
Time

Total WCD Release Volume

Simulation Duration (45 days following end of
release)

API Gravity (South Louisiana Crude)
Latitude, Longitude

Depth to Sea Floor

Distance to Shoreline

WD280il Plume and Transport Modeling Results

97,000bbl/day
37 days

3,589,0000bl
82 days

34.5

29.13848N, 89.563623W
35fed

6.4 miles (5.6 nm)

The neaffield oil plume simulation for this scenario found t8&% of the total oil mass would reach the
surfacein less tharone hourof the releaseDue to the shallow location /D28, no buoyant trapping
depth waobservedTable20). Therefore, the fafield oil transport br this case was initiated 1f16

from the surfacevith a median droplet size @27 microns.

Table 20: Near-Field Oil Plume Behavior for Scenario 2 Gulf of Mexico West Delta 28 (WD28)
WCD Scenario: Lease BlockGulf of Mexico West Delta 28 (WD28)

Central GOM Planning Area

Near-Field Oil Plume

Oil Release Depth

GOR

Median Droplet Size

Buoyant Trapping Depth

Percentage of Oil Mass to Reach Surface

Time for Percentage of Oil Mass to Reach Surface

35 feet

588 scf/stb
227 microns
0 feet

93%

<1 hours

Table21 summarizes the stochastic modeling results of thédht oil transport Statistics arshownby
each oiling threshold of concern representing potential impasttoeconomiand environmental
resources (f/n?) andimplicationsto cleanup activities (8 gfn
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Table 21: Far-Field Oil Transport Summary for Scenario 21 Gulf of Mexico West Delta 28 (WD28)

WCD Scenario: Lease BlockWest Delta 28 (WD28)

Central GOM Planning Area

Far-Field Oil Transport
Modeling Results Showing Potential to Creg&®cioeconomi@nd Environmental Risk

Probability of exceedance above shoreline oil thresh 90-100 % within approximately 75iles of spill site;
of 1 g/nt used to determineffects onsocioeconomic = Figure32 - Figure35
resources

Minimum time for oil above the threshold (1 gjnused 1.0 day
to determine effects aspcioeconomicesources to
reach shore

Shoreline length (miles) affected by oil above the 95% of simulations at >506i; ~20% at >1,200 mi
thresholdof 1 g/n? (used to determineffects on
socioeconomicesources) at any instant in time

Modeling Results Showing Potential Implications for Cleanup Activity
Probability of exceedance above surface oil thresbbl Greatest in immediate proximity of release withQ

8 g/n? (minimum thickness for which response % probability approximately 8Dmiles from release
equipment can be applied) point; Figure30 (top)

Minimum time (days) to exceed the surface oil <10 days within approximately 03niles of spill site;
thresholdof 8 g/n? (minimum thickness for which Figure30 (bottom)

response equipment can be applied)

Minimum time (days) surface oil greater than 8 §/m 1 day

(minimum thickness for which response equipment ¢

be applied) reaches shore

Water surface arginiles’) affected by oil above the | 98% of simulations at100mi% 8% of simulations at
surface oil thresholdf 8 g/n? (the minimum thickness  >2,000mi?

for which response equipment can be applied) at an

instant in time

Average percentage of total dilat is transported out o 0.03%

modeled area

The following set of figures provides the stochastic model resitta/ingpotential implications for
cleanup activity along the water surfao®dthe potential to creatcioeconomiand environmental
conseguences the shoreline and water columfhe modeling results illustrate in gridded format the
spatialextent ofsurface Figure30) water column Figure31) and shorelineRigure32 throughFigure
35) oiling probabilities for the spills using the thresholds outlimefable7 andTable8.
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37-Day Rel of South Louisi Crude at 97,000 bbl/day Over All Months
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Figure 30: Scenario 2, GOMWD28 1 Water Surface Oiling Probabilities (Top) andMinimum Travel Times
(Bottom) for Floating Oi | O 8 (000 i, theMinimum Thickness for theEffective Application of
ResponseEquipment)
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Figure30 provides the model resukhowing potential implications for cleanup activity along the water
surface Location of high probabilities afiling thickness above the threshold for which remsso
equipment can be applied (8 gjnwvould be the regions targeted or prioritized for surface cleanup and
removal in a response situatioRrom this analysis, the greatest exceedance of surface oil 28vgénin

the immediate vicinity of thepill site(Table21). The minimum time for oil of this threshold to reach
shore was approximately 1 day and in the area right at the tip of Louisiana off the Mississigpi delta
iBi rds F oTakle@l, FigergB0).0Smilaf to the floating surfacoil, the higher probabilities
wheretotal hydrocarbon concentrati®im the water column would exceed 100 ppb were observed in the

same area off the Louisiana codsg(re31).

37-Day Release of South Louisiana Crude at 97,000 bbl/day Over All Months

&
>

Florida Valioy

-+ West Delta 28

P ility of Total Hy C: i
Above 100 ppb, the Threshold for Potential Impacts
to Ecological and Socioeconomic Resources

-0 20-30 [ | 40-50 [ 60-70 I e0-90
I 10-20 [ 30-40 [ | 50-60 [ 70-s0 [ 0-100
—_—

'ﬂe:s" »

SN -

Figure 31: Scenario 2, GOM-WD28 i Probability of T otal HydrocarbonConcentrati on O 100 ppb
Threshold abovewhich Potential | mpacts toEcological andSocioeconomicResourcesCould Occur)

The minimum time for oil to accumulate above soegioeconomithreshold on any shoreline was 1 day

(Table21). Within approximately 7%niles of the spill site, therpbability that shoreline oiling would

exceed thsocioeconomithreshold was 9000% A large number ofhe simulations945%) in the

stochastic set had over 5@f0les of shoreline oiled above tsecioeconomithreshold, while20%

showed greater than D@ miles Shoreline oiling above theocioeconomithreshold occurred from the

Texas coastline all the way around the Gulf of Mexico to the Florida (égsre32 - Figure35). The

highest probability obilingwould occura | ong t he Loui siana coast off t he
Foot d&horeline oiling probability abovéé¢ socioeconomithreshold in the WD28cenario was

widespread in the Gulf of Mexico region, but g@astalsocioeconomi@nd environmental resources

near the Mississippi Delta wouldhve probable contact with diila spill of this magnitude were twccur

from this spill site
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37-Day Release of South Louisiana Crude at 97,000 bbl/day Over All Months
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Figure 32: Scenario 2, GOMWD281 ShorelineOiling Probabilities for Shoreline Qil (Including Weathered

Tarballs )
along Texas and Louisiana&Coasts

02(3.9% & 6 in, the Minimum Thickness forPotential | mpacts to SocioeconomicResources)
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37- my Release of South Louisiana Cﬂdo at 97,000 blldly OvorAll Huﬂh.
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Figure 33 Scenario 2, GOM-WD281 Shoreline Oiling Probabilities for Shoreline Oil (Including Weathered
Tarballs )  O2(3.98 k Iin, the Minimum Thickness forPotential | mpacts to SocioeconomicResources)

along Louisiana and MississippiCoasts
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37-Day Release of South Louisiana Crude at 97,000 bbl/day Over All Months
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Figure 34: Scenario 2, GOMWD281 Shoreline Qiling Probabilities for Shoreline Oil (Including Weathered

Tarballs )  OA(3.9% k 16°in, the Minimum T hickness forPotential | mpacts to SocioeconomicResources)

along Louisiana, Mississippi, Alabama, and FloridaCoasts
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37-Day Release of South Louisiana Crude at 97,000 bbl/day Over All Months
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Probability of Shoreline Oiling Above a
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Figure 35 Seenario 2, GOM-WD281 Shoreline Oiling Probabilities for Shoreline Oil (Including Weathered
Tarballs )  O2(3.9% k 16°in, the Minimum Th ickness forPotential Impacts to SocioeconomicResources)
along the Florida Coast
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3.3.4 Scenario 3i West Cameron 168 (WC168)

The West Cameron 168 (WC168) scenario in the Central Gulf of Mexico Plafr@ags oneof the
smaller spills assessed for the consegaenalysisandis the only spill involvinga discharge ofouth

Louisiana Condensate

Table 22: Well I nformation for Scenario 37 Gulf of Mexico West Cameron168 (WC1@)
WCD Scenari: Lease BlockWest Cameron 168 (WC168)

Central GOM Planning Area

Well Information

WCD Daily Flow Rate

Flow Duration Based on Relief Well Completion
Time

Total WCD Release Volume

Simulation Duration (45 daysfollowing end of
release)

API Gravity (South Louisiana Condensatg
Latitude, Longitude

Depth to Sea Floor

Distance to Shoreline

26,400bbl/day
76 days

2,006,40bl
121 days

57.5

29.38817xN, 93.406424N
42 feet

29 miles (25 nm)

WC1680il Plume, Fate, and Transport Modeling Results

Thenearfield oil plume simulation for this scenario found that 93% of the total oil mass would reach the
surface in less thamne houof the releaseDue to the shllow location of WC168no buoyant trapping
depth was observeddble23). Therefore, the fafield oil transport for this case was initiated .6

from the surface ith a median droplet size of 153crons.

Table 23: Near-Field Oil Plume Behavior for Scenario 3i Gulf of Mexico West Cameron 168 (WC168)

WCD Scenario: Lease BlockGulf of Mexico West Cameron 168 (WC168)

Central GOM Planning Area

Near-Field Oil Plume

Oil Release Depth

GOR

Median Droplet Size

Buoyant Trapping Depth

Percentage of Oil Mass to Reach Surface

Time for Percentage of Oil Mass to Reach Surface

42 feet
3,448 scfi/stb
152 microns
0 feet

93%

<1 hours

Scenario 3 (WC168) is modeled with South Louisiana Condensate. South LoGisiadensate is a hen
persistent oil that is very light and thus, tends to evaporate and dissipate quickly. Persistence is short for
this oil type due to the rapid rate of evaporation of the volatile components and because it can readily
dissipate and dispse naturally in moderate to rough sea conditions.
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To demonstrate the typical behavior of South Louisiana Condensate, an instantaneous release of the oil
was modeled and tracked over ti(kégure36). The figurebelow provides the results of this analysis

and shows the rapid rate of evaporation and the lack of persistence on the water surface that exists when
modeling this oil.

Fate and Weathering of Instantaneous Release of South Louisiana Condensate

100

S0 o ———

80

70

B0

50

a0

Percent {2) of Spilled Oil {bbl)

30

20

10

o 5 10 15 20 25 30 35 40 45
Days Afterinitial Release

| e Surface e \WaterColumn e Ashore = = «Evaporated « « « Microbial Degradation |

Figure 36: Fate andWeathering Graph Showing the Typical Behavior of South Louisiana Condensate in the
Environment As a Result of anlnstantaneousRelease

Table24 summarizeshe stochastic modeling results of thefiatd oil transport Statistics arshownby
each oiling threshold of concern representing potential impastxtoeconomi@and environmental
resources (f/n?) andimplicationsto cleanup actities (8 g/n3).
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Table 24: Far-Field Oil Transport Summary for Scenario 3i Gulf of Mexico West Cameron 168 (WC168)

WCD Scenario: Lease BlockWest Cameron 168 (WC168)

Central GOM Planning Area

Far-Field Oil Transport
Modeling Results Showing Potential to Creg&®cioeconomi@nd Environmental Risk

Probability of exceedance above shoreline oil thresh 90-100 % within approximatel$¢50 miles of spill site;
of 1 g/nt used to determineffects onsocioeconomic = Figure39- Figure41
resources

Minimum time for oil above the threshold (1 gjnused = 2.0 days
to determine effects aspcioeconomicesources to
reach shore

Shoreline length (miles) affected by oil above the 96% of simulations at >200 mi;45% at >400 mi
thresholdof 1 g/n? (used to determineffects on
socioeconomicesources) at any instant in time

Modeling Results Showing Potential Implications for Cleanup Activity
Probability of exceedance above surface oil thresbbl Greatest in immediate proximity of release withQ

8 g/n? (minimum thickness for which response % probability approximately@miles from release
equipment can be applied) point; Figure37 (top)
Minimum time (days) to exceed the surface oil <10 days within approximately Ifiles of spill

thresholdof 8 g/n? (minimum thickness for which site; Figure 37 (botton)
response equipment can be applied)

Minimum time (days) surface oil greater than 8 §/m = 5.5days

(minimum thickness for which response equipment ¢

be applied) reaches shore

Water surface area (miRsaffected by oil above the 100% of simulations atl mi; 26% of simulations at
surface oil thresholdf 8 g/n? (the minimum thickness  >5 mi?

for which response equipment can be applied) at an

instant in time

Averace percentage of total oil that is transported out 0.0001%

modeled area

The following set of figures provides the stochastic model resiitteingpotential implications for
cleanup activity along the water surfaredthe potential to creatcioeconomi@and environmental
conseguences the shoreline and water columfhe modeling results illustrate in gridded format the
spatialextent ofsurface Figure37) water column Eigure38) and shorelineRigure39throughFigure
41) oiling probabilities for the spills using the thresholds outlinefiahle7 andTable8.
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76-Day Rel of South L

isiana Condensate at 26,400 bbl/day Over All Months
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Figure 37: Scenario 3, GOMWC16871 Water Surface Oiling Probabilities (Top) and Minimum Travel Times

(Bottom) for Floating Oi |
ResponseEquipment)

O 8 (0m00g in, theMinimum Thickness for theEffective Application of

Figure37 provides the model resulésiowing potential impliations for cleanup activity along the water
surface Location of high probabilities adiling thickness above the threshold for which response
equipment can be applied (8 gjrwvould be the regions targeted or prioritized for surface cleanup and
removal h a response situatiofrrom this analysis, the greatest exceedance of surface oil 28g#nin
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the immediate vicinity of thepill site Figure37). The minimum time for oil of this threshold to reach
shore was 5.5 days near the entrance of Sabine Pass, just at the border of Louisiana ahable24s (
Figure37). The higher probabilitieheretotal hydrocarbon concentrat®m the water column would
exceed 100 ppb were observed stretching along the Texas shelf andricpaeBg).

76-Day Release of South Louisiana Condensate at 26,400 bbl/day Over All Months
90tW 80tW

Florida
Keys

- =
S Sameteed®

F/orlﬂé"\hlloy

-+ West Cameron 168

Probability of Total Hydrocarbon Concentration
Above 100 ppb, the Threshold for Potential Impacts L

',v/»f"; . E ical and S

T ad P A i 4

’:0/;”/,,-:;5 o 2’ g . sunenla, | 1 - 10 20-30 [ ] 40-50 [ eo-70 [N s0-0 ||
I’ v A ol 7 o

e —liles 7 I 020 ] 2040 [ so-c0 [N 7050 [ s0-100

Figure 38: Scenario 3, GOMWC1681 Probability of Total HydrocarbonConcentration O 100 ppb
Threshold abovewhich Potential I mpacts toEcological andSocioeconomicResourcesCould Occur).

The minimum time for oil to accumulate above slioeioeconomithreshold on any shorelineas 2days
(Table24). Within approximatelyl50 miles of the spill site, the probability that shoreline oiling would
exceed thsocioeconomithreshdd was 96100% The majority of thesimulations 96%) inthe
stochastic set had over 26fles of shoreline oiled above teecioeconomithreshold, whilet5%
showed greater tha#00miles. Shoreline oiling above theocioeconomithreshold occurred from the
Texas coastline tthe Florida panhandle, and tire Florida KeygFigure39throughFigure4l). The
highest probability of oiling occuedalong the LouisianandTexascoastfrom Lake Calcasieu to
Galveston Bay, straddling the state bordehoreline oiling probabilt above thesocioeconomic
threshold in the WC168ondensatecenario wasot aswidespreads compared to therude blowout
scenarios simulated the Gulf of Mexico However, despite the light oil typthe socioeconomiand
environmentakhorelineresourcedetween Lake Calcasieu and Galveston Bayld have probable
contact with oilif a spill of this magnitude were to occur from this spill site
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76-Day Release of South Louisiana Condensate at 26,

400 bbl/day Over All Months

O
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Probability of Shoreline Oiling Above a
Minimum Thickness (1 g/m’) for Potential Impacts
o Socioeconomic Resources (e.g., Beach Cleanup)
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Probability of Shoreline Oiling Above a
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Figure 39: Scenario 3, GOMWC1681 ShorelineOiling Probabilities for Shoreline Oil (Including Weathered
Tarballs) O 12 (34 xM®in, the Minimum Thickness for Potential Impacts to Socioeconomic Resources)
along Texas and Louisiana @asts
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76-Day Release of South Louisiana Condensate at 26,400 bbl/day Over All Months

- West Cameron 168

Probability of Shoreline Oiling Above a
Minimum Thickness (1 g/m’*) for Potential Impacts
1o Socioeconomic Resources (e.g., Beach Cleanup)

- West Cameron 168

Probability of Shoreline Oiling Above a
Minimum Thickness (1 g/m®) for Potential Impacts
to Socioeconomic Resources (e.g., Beach Cleanup)
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Figure 40: Scenario 3, GOMWC1681 Shoreline Oiling Probabilities for Shoreline Oil (Including Weathered
Tarballs) O 12 (34 xMin, the Minimum Thickness for Potential Impacts to Socioeconomic Resources
along Louisiana and MississippiCoasts
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76-D¢y Roloue of Swlh Lnumam Condonsm atzs 400 bbl/day Over All llorths
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Figure 41: Scenario 3 GOM-WC1681 Shoreline Oiling Probabilities for Shoreline Oil (Including Weathered
Tarballs) O 12 (34 xMin, the Minimum Thickness for Potential Impacts to Socioeconomic Resources
along Louisiana, Mississippi, Alabama, and FloridaCoasts
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3.3.5 Scenario 4i High Island East South Extension 376 (HIA376)

The High Island East South Extension 376 (HIA38@he only scenario in the Western Gulf of Mexico
PlanningArea, andis one of thesmaller WCDsassessed for the consequence analysis

Table 25: Well I nformation for Scenario 47 Gulf of Mexico High Island East South Extension 376 (HIA376)

WCD Scenario: Lease Block High Island East South Extension 376 (HIA376)

Western GOM Planning Area

Well Information

WCD Daily Flow Rate

Flow Duration Based on Relief Well Completion
Time

Total WCD Release Volume

Simulation Duration (45 days following end of
release)

API Gravity (South Louisiana Crude)
Latitude, Longitude

Depth to Sea Floor

Distance to Shoreline

77,000bbl/day
50 days

3,850,00bl
95 days

34.5

27.943209N, 93.667913W
334 feet

129 miles (112 nm)

HIA376 Oil Plume and Transport Modeling Results

The neadfield oil plume simulatiorfor this scenario found that 1@0of the total oil mass would reach
the surface in less thame hourof the releaseDue to the sallow location of HIA376 nobuoyant
trapping depth was observethple26). Therefore, the fafield oil transport for this case was initiated
1.6ft. from the surface ith a median droplet size of 98&icrons.

Table 26: Near-Field Oil Plume Behavior for Scenario 4i Gulf of Mexico High Island East South

Extension376 (HIA376)

WCD Scenario: Lease Block High Island East South Extension 376 (HIA376)

Western GOM Planning Area

Near-Field Oil Plume

Oil Release Depth

GOR

Median Droplet Size

Buoyant Trapping Depth

Percentage of Oil Mass to Reach Surface

Time for Percentage of Oil Mass to Reach Surface

334 feet
1,220 scf/sth
985 microns
1.6 feet
100%

<1 hours
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Table 27: Far-Field Oil Transport Summary for Scenario 4i Gulf of Mexico High Island East Souh
Extension 376 (HIA376)

WCD Scenario: Lease Block High Island East South Extension 376 (HIA376)

Western GOM Planning Area

Far-Field Oil Transport
Modeling Results Showing Potential to Creai®cioeconomi@nd Environmental Risk

Probability ofexceedance above shoreline oil thresh¢ 90-100 % within approximately 100 miles of spill sit
of 1 g/nt used to determineffects onsocioeconomic = Figure44 throughFigure46
resources

Minimum time for oil above the threshold (1 gjnused | 6.0 days

to determine effects ogpcioeconomicesources to

reach shore

Shoreline length (miles) affected by oil above the 97% of simulations at >206i; ~17% at >1,000 mi
thresholdof 1 g/nt (used to determineffects on

socioeconomicesources) at any instant in time

Modeling Results Showing Potential Implications for Cleanup Activity

Probability of exceedance above surface oil thresbbl Greatest within 100 miles oélease with 410 %

8 g/n? (minimum thickness for which response probability approximately 1,000 miles from release
equipment can be applied) point Figure42 (top)
Minimum time (days) to exceed the surface oil <10 days within approximately09miles of spill

thresholdof 8 g/n? (minimum thickness for which site; Figure42 (bottom)
response equipment can be applied)

Minimum time (days) surface oil greater than 8 §/m = 6.5days

(minimum thickness for which response equipment ¢

be applied) reaches shore

Water surface area (miRsaffected by oil above the | 97% of simulations at 00 mi%; 36% of simulations
surface oil thresholdf 8 g/n? (the minimum thickness  at >1,000mi?

for which response equipment can be applied) at an

instant in time

Average percentage of total oil that is transported ou 0.02 %

modeled area

The following set of figures provides the stochastic model results shpetegtial implications for
cleanup activity along the water surfar®dthe potential to creatcioeconomiand environmental
conseguencds the shoreline and water columhhe modeling results illustrate in gridded format the
spatialextent ofsurface Figure42), water column(Figure43) and shorelineRigure44 throughFigure
46) oiling probabilities for the spills using the thresholds outlimetable7 andTable8.
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50-Day Release of South Louisiana Crude at 77,000 bbl/day Over All Months

98tw 96tW mﬁ} ezlw
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Figure 42: Scenario 4, GOMHIA376 T Water Surface Oiling Probabilities (Top) and Minimum Travel Times
(Bottom) for Floating Oil O 8 . 02 (0g000Ain,the Minimum Thickness for the Effective Application of
Response Equipment
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Figure42 provides the model resukhowing potential implications for cleanup activity along the water
surface Location of high probabilities adiling thickness above the threshold for which response
equipment can be applied (8 gjnwvould be the regions targeted or prioritized for surface cleanup and
removal in a response situatioRrom this analysis, the greatest exceedance of surface oil 28vgém
within 100 miles of the spilite (Figure42). The higher floating surface oil probabilities (800%) for
HIA376 were primarily on the Texas shelf and coastlifiee minimum time for oil of this threshold to
reach shore was 6.5 days along the coast of Texas between Galveston Bay and Matag®atde2ay (
Figure4?). If a spill of this magnitude were to occur from this site, the first place near shore response
equipment would be recommended to bpligd would be in this regionThe higher probabilitieashere
that tdal hydrocarbon concentratism the water column would exceed100 ppb were observed
exclusively offshore and on the Texas shEif(re43).

50-Day Release of South Louisiana Crude at 77,000 bbl/day Over All Months
QO‘W

80TW

30°H

F!orida“‘valrey

-s- High Island 376

ility of Total Hy Ct i
Above 100 ppb, the Threshold for Potential Impacts
tE ical and i i

-0 20-30 [ | 40-50 [ e0-70 [ s0-90
I 10-20 [ 30-40 [ | 50-60 [ 70-s0 [ o-100

Ay ol '.,’. 3

Figure 43: Scenario 4, GOMHIA376 T Pr obabi |l ity of tot al hydrocar bon
Threshold above which Potential Impacts to Ecological and Socioeconomic Resources Could Ofcur

The minimum time for oil to accumulatdove thesocioeconomithreshold on any shoreline was 6 days
(Table27). Within approximately 100 miles of the spill site, the probability thatedive oiling would
exceed thsocioeconomithreshold was 9000% The majority of the simulations (97%) in the

stochastic set had over 200 miles of shoreline oiled abowsotieeconomithreshold, while 17%

showed greater than 1,000 mileShorelineoiling above thesocioeconomithreshold occurred from the
Texas coastline to the Florida panhandle, and on the Florida Rieys€44 - Figure46). The highest
probability of oiling occurred along the Texas codhoreline oiling probability above the
socioeconomithreshold in the A376 scenario was not as widespread as compared to the larger crude
blowout scenarios simulated in the Gulf of Mexiddowever, thesocioeconomi@and environmental
shoreline resources along the Texas coast wuale probable contact with dila spill of this magnitude

were to occur from this spill site.
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50-Day Release of South Louisiana Crude at 77,000 bbl/day Over All Months
- - - - — : W SR 1"'?'
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Figure 44: Scenario 4, GOMHIA376 i Shoreline Oiling Probabilities for Shoreline Oil (Including Weathered
Tarballs) O 12 (34 xMin, the Minimum Thickness for Potential Impacts to Socioeconomic Resources
along Texas and LouisianaCoasts
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Eo-Dly Release of South Louisiana Crude at 77 000 bbl/day Over All Months
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Figure 45: Scenario 4, GOMHIA376 i Shoreline Oiling Probabilities for Shoreline Oil (Including Weathered
Tarballs) O 12 (34 xMin, the Minim um Thickness for Potential Impacts to Socioeconomic Resourges
along Louisiana and Mississippi @asts
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Figure 46: Scenario 4, GOMHIA376 i Shoreline Oiling Probabilities for Shoreline Oil (Including Weathered
Tarballs) O 12 (3®4 xm0°in, the Minimum Thickness for Potential Impacts to Socioeconomic Resources
along Louisiana, Mississippi, Alabama, and FloridaCoasts
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3.3.6 Scenario 51 Keathley Canyon919 (KC919

TheKeathleyCanyon 919 (KC91)9scenario in th&€entralGulf of Mexico PlannincAreais one of the
largerWCD spills assessed for the conseneeanalysisand is the furthest from shore

Table 28: Well I nformation for Scenario 517 Gulf of Mexico Keathley Canyon 919 (KC919

WCD Scenario: Lease BlockKeathley Canyon 919 (KC919

Central GOM Planning Area

Well Information

WCD Daily Flow Rate

Flow Duration Based on Relief Well Completion
Time

Total WCD Release Volume

Simulation Duration (45 days following end of
release)

API Gravity (South Louisiana Crude)
Latitude, Longitude

Depth to Sea Floor

Distance to Shoreline

KC9190il Plume and Transport Modeling Results

252,000bbl/day
120days

30,240,000bbl
165days

34.5

26.08017%N, 92.03750%W
6,940feet

250 miles (217 nm)

The neaffield oil plume simulatiorfor this scenario found that $bof the total oil mass would reach the
surface in28 hoursof the releasand the buoyant trapping depth was 4,268 (fEable29). Therefore,
the farfield oil transport for this case was initiated from 4,268vith a median droplet size of 695

microns.

Table 29: Near-Field Oil Plume Behavior for Scenario 51 Gulf of Mexico Keathley Canyon 919 (KC919)

WCD Scenario: Lease Block Keathley Canyon 919 (KC919)

Central GOM Planning Area

Near-Field Oil Plume

Oil Release Depth

GOR

Median Droplet Size

Buoyant Trapping Depth

Percentage of Oil Mass to Reach Surface

Time for Percentage of Oil Mass to Reach Surface

6,940 feet
893scf/stb
695 microns
4,268feet
55%

28 hours

Table30 summarizes the stochastic modeling results ofdéhéeld oil transport Statistics arshownby
each oiling threshold of concern representing potential impastectoeconomi@nd envirmmental
resources (f/n?) andimplicationsto cleanup activities (8 gfn
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Table 30: Far-Field Oil Transport Summary for Scenario 5i Gulf of Mexico Keathley Canyon 919 (KC919)

WCD Scenario: Lease Block Keathley Canyon 919 (KC919)

Central GOM Planning Area

Far-Field Oil Transport
Modeling Results Showing Potential to Creg&®cioeconomi@nd Environmental Risk

Probability of exceedance above shoreline oil thresh 90-100 % within approximately@D miles of spill site;
of 1 g/nt used to determineffects onsocioeconomic = Figure49 throughFigure52
resources

Minimum time for oil above the threshold (1 gjnused = 12.0 days
to determine effects aspcioeconomicesources to
reach shore

Shoreline length (miles) affected by oil above the 94% of simulations at >1,00®i; ~20% at >2,000 mi
thresholdof 1 g/n? (used todetermineeffects on
socioeconomicesources) at any instant in time

Modeling Results Showing Potential Implications for Cleanup Activity
Probability of exceedance above surface oil thresbbl Greatest within approximately 200 miles of release

8 g/n? (minimum thickness for which response with 1-10 % probability approximately 1,000 miles
equipment can be applied) from release poinfigure47 (top)
Minimum time (days) to exceed the surface oil <10 days within approximately 12siles of spill

thresholdof 8 g/n? (minimum thickness for which site Figure47 (botton)
response equipment can be applied)

Minimum time (days) surface oil greater than 8 §/m = 15days

(minimum thickness for which response equipment ¢

be applied) reaches shore

Water surface area (miRsaffected by oil above the | 85% of simulations at >10®i% 46% of simulations
surface oil thresholdf 8 g/n? (the minimum thickness  at >1,000mi?

for which response equipment can be applied) at an

instant in time

Average percentage of total oil that is transported ou 0.61%

modeled area

The following set of figures provides the stochastic model resitta/ingpotential implications for
cleanup activity along the water surfao®dthe potential to creatciceconomicand environmental
conseguences the shoreline and water columfhe modeling results illustrate in gridded format the
spatialextent ofsurface Figure47), water column Figure48), and shorelineRigure49throughFigure
52) oiling probabilities for the spills using the thresholddlioed inTable7 andTable8.
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Figure 47: Scenario 5, GOMKC9191 Water Surface Oiling Probabilities (Top) and Minimum Travel Times
(Bottom) for Floating Oil O 8 . 02 (0g000Bin,the Minimum T hickness for the Effective Application of
Response Equipment
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