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Executive Summary

DCE, Danish Centre for Environment  and Energy (former NERI) has been requested by Bureau
of Minerals and Petroleum to prepare a strategic evaluation of the environmental risk for the
Labrador Sea, South West of Greenland. A part of this work shall evaluate the probabilit ies
and the conseque nces of a future spill of hydrocarbons to the environment from oil and gas
exploration activity in the area.

In the work presented in this report, the p ossibilit ies for a future blowout and its
consequences in form of potential blowout rates and duration is analysed and reported.

Potential blowout scenarios for the drilling operations include s both topside and subsea
release points and combinations of different flow paths such as through the dri Il string,
annulus or open hole for both oil and gas. An oil find case has been set as basis due to the

higher environmental impact when oil is released to the sea compared to gas.

Expected blowout frequencies  during exploration drilling have been found by addressing the
statistics related to  offshore blowouts from The SINTEF Offshore Blowout Database [1], from
the annual Scandpower report [3] which analyses the SINTEF database more in detail and

from a more novel methodology developed by DNV [7] which includes trend adjustments in

the statistical data based on  technological and operational improvements achieved during

the last decades .

The blowout rates , i.e. blowout potentials,  presented in this report  have been found from
detailed multiphase simulations carried out by Acona Flow Technology, and are based on
information for hypothetic reservoir characteristics which are likely to be explored in the
Labrador Sea.

This report also presents discuss ions of blowout occurrence factors  believed relevant for the
Labrador Sea, Greenland.

DNV [7] finds that technological and operati onal high standa rds increase the operational
safety and significantly reduce s the overall risk of experiencing an accidental oil spill during
drilling operations.

When accounting for technological and operational improvements the overall probability for
a future blowout in the Labrador Sea at water depths greater than 1000 meter is found to be
one blowout for every 8488 exploration wells drilled.

Most likely expected flow rate of oil released to sea is found to be 519 Sm3/day of oil.

The most likely duration of such blowout is found to be 14 days.
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Disclaimer

The data forming the basis of this report has been collected through the joint effort of Acona Flow
Technology AS, Acona AS and the authors.

Acona Flow Technology AS has gathere d the data to our best knowledge, ability, and in good faith,
from sources believed to be reliable and accurate. Acona Flow Technology AS and the authors have
attempted to ensure the accuracy of the data, however, Acona Flow Technology AS make no
represent ations or warranties as to the accuracy or completeness of the information reported. Acona
Flow Technology AS and the authors assume no liability or responsibility for any errors or omissions in

the information or for any loss or damage resulting from the use of any information contained within
this report.

This document may set requirements supplemental to applicable law. However, nothing herein is
intended to replace, amend, supersede or otherwise depart from any applicable law relating to the
subject ma tter of this document. In the event of any conflict or contradiction between the provisions of
this document and applicable law as to the implementation and governance of this document, the
provisions of applicable law shall prevail.
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1 INTRODUCTION

The objective for performing this study of hypothetical exploration well operation s
in the Labrador Sea, South -West of Greenland, is to provide a more realistic
environmental risk exposure for possible accidental oil spill related to such an
operation.

Estimation of blowout risk in the Labrador Sea is based on a detailed asses sment of
the blowouts and well control incidents recorded in the SINTEF Offshore Blowout
Database [1] from US Gulf of Mexico , Norway and UK from the period 1980 until
01.01.2008 . The annual Scandpower report [2] on blowout and well release
frequencies provides the basis for blowout risk assessments, and the DNV report for
"Environmental Risk Assessment of Exploration Drilling in Nordland VI "[7].

Further, this report is based on a detailed analysis of the SINTEF Offshore Blowout
Database discussed above considering trends and frequency distributions.

A synthetic set of blowout scenarios have been select ed related to the locations and
prognosis for reservoir properties (pressure, temperature and fluid) likely to be
explored in the Labrador Sea

1.1 BACKGROUND

Danish National Centre for environment research has been requested to prepare a
strategic evaluation of the environmental risk for the Labrador Sea, South West of
Greenland. A part of this work shall evaluate the probability and the consequences
of a spill of hydrocarbons to the environment from oil and gas exploration activity
in the area.

The final document will be used as one, out of several, support documents  for later
political decision -making.

1.2 SCOPE OF WORK

DCE (Danish Centre for Environment and Ener gy is requested by BMP (Bureau of
Minerals and Petroleum) to prepare a strategic evaluation for the South West
Greenland, Labrador Sea. The direct cause of this request is the on -going evaluation
to open up this area for oil and gas exploration.

Possible scenarios , and consequences, for future blowouts are one of the aspects to
be analysed in this delivery. The following three problems are to be addressed:

1.) What are the probabilities for a future blowout, or release of oil to sea, in
the Labrador Sea given the regulatory, climatic and the possibilities for sea
ice in the area which the area is exposed to?

2.) Will drilling in deep and ultra  -deep waters in the Labrador Sea introduce
higher risks of experiencing a blowout compared to drilling at moderate
water d epths? Will a possible blowout in deep and ultra -deep areas tend to
give larger volumes of hydrocarbons to sea or longer duration of the
blowout before it can be controlled compared to moderate water depths?

3.) Compared to other oil areas, which are under d ifferent regulatory and
geological regimes, will the Labrador Sea experience higher or lower risks
for a blowout, or release of hydrocarbons to sea?
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To answer these three problems, this report is divided into the following sections:

Section 3 0 Methodol ogy for establishing blowout probabilities and its most

likely duration

In this section data from available sources are extracted, organised and analysed in
order to find the overall probability for an accidental oil spill to the environment

during drillin g of exploration wells in the Labrador Sea. Data are derived from the
latest Scandpower report [ 3], the SINTEF Offshore Blowout Database [ 1]and DNV [ 7].

Section 4 & Methodology for calculation of blowout potentials and scenario

risking

In this section the methodology used when defining the hypothetical wells is
presented. Six synthetic well s have been designed based on  wells drilled on Canadian
side of the Labrador Sea ( input from client ) and their respective potential is modelled
and combined with pre -defined blowout scenarios. Statistical data for the blowout
scenarios are implemented.

Section 5 & Presentation of results

In this section the results of blowout probabilities, blowout potentials and expected
blowout durations are presented together with the scenario risking for each of the
wells.

Section 6 06 Local impact

In this section a discussion is made based on local factors as climate, sea, ice and
governing legislations. The discussion also includes a comparison between other oil
regions and the Labrador Sea.

DESCRIPTION OF THE AR EA AND LOCAL ENVIRON MENT

2.1 LEGISLATIONS AND POLICY RECOMM ENDATION
The following national legislation and guidelines apply to the Greenland offshore
exploration drilling and is found relevant for this work as they might impact the
operational risk directly during exploration drilling in the ar ea.[1]

The following requirements shall be met during drilling in the area:

1 To operate within the best international standards, including and primarily the
Norwegian NORSOK standards, other North Sea standards as well as Arct ic
standards and regulations. These regulations are among the most stringent in
the world.

I The presence of two drilling units, so that a relief well can be drilled
immediately, if necessary.

1 The most stringent requirements for the drilling units Blowout Preventer (BOP)
systems shall be implemented.

1 Personnel competence, qualifications, training and drills shall be to the
highest standards. For the drilling personnel only the International Well
Control Forum & IWCEF - certification is accepted. IWCF hasth e most
comprehensive competency requirements including initial training in
compliance with the IWCF Syllabus, followed by assessment on a simulator
and theoretical tests in well control equipment and principles and procedures.

1 Emergency response plans for managing e.g. oil spills, drilling relief wells,
and ice/iceberg management as well as for serious accidents must be in place
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and approved.

T I'n addition to the company®f6s emergency respons
all support vessels must have prepar  ed their own emergency response plans,
which are linked directly to the company plans.

1 Moreover, drilling units are required to have an approved Acknowledgement
of Compliance (AoC) from the Petroleum Safety Authority Norway or a Safety
Case from the Briti sh Health and Safety Executive. This is also required by the
Norwegian and British petroleum authorities for drilling units.

1 Greenland authorities conduct an active supervision and inspection policy to
ensure that activities are executed in compliance wit h requirements and
standards. This includes inspection of each drilling unit at least once a month,
as well as every time awellis  spudded and in connection with all well
abandonments/suspensions.

1 Specific approval for each drilling campaign based on detailed drilling
application.

2.2 OCEANOGRAPHY AND CLIMATE

The ocean currents around Greenland are part of the cyclonic sub -polar gyre
circulation of the North Atlantic and the Arctic region. The bottom topography plays

an important role for guiding the circu lation and for the distributing the water
masses around South Greenland and the Labrador Basin. As the East Greenland
Current rounds Cape Farewell it continues northward in the West Greenland current

on top of the West Greenland shelf. At about 64°N major parts of the West
Greenland Current turns west and join the Labrador Current while the other part
crosses the Davis Strait into the Baffin Bay.

500'/1/ 20°W

Figure 1: Surface currents. The North Atlantic Current is shown in red. The East
Greenland Current (dark blue) rounds Cape Farewell and continues northward in the
West Greenland Current (shown in purple). As the West Greenland Current reaches
the latitude of Fylla Bank it branches. The main component turns westward and
joins the Labrado r Current on the Canadian side, while the other component
continues northward through Davis Strait.
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The weather systems affecting the Labrador Sea and South Greenland waters usually
originate from the southwest. Two  -thirds of all cyclones approaching South
Greenland across the Labrador Sea arrive from directions between west and south -
southeast while most of the cyclones affecting West Greenland arrive from
directions between south and west. Cyclones approaching Southern Greenland from
southwest or south us ually split in the vicinity of Cape Farewell with one part
moving northward along the west coast, causing very changeable weather in the
eastern part of Labrador Sea, while the other moves off towards Iceland. Southern
Greenland, in particular, is influenc  ed by severe weather connected to the North
Atlantic winter cyclones. Polar lows may occasionally develop rapidly in very cold air
masses over open sea in the winter season. The diameter of a polar low is generally

200 -300 km. The system will be accompanie  d by heavy snow showers and surface
winds exceeding gale force. Fog is common offshore in the summer season and
develops typically in areas with calm winds and moist air over ice or open sea

Error! Reference source not found. Monthly average of Sea Level Air Pressure for
anuary (left) and July (right) indicating the intensity and frequency on lows peak in

the winter time. Lack of horizontal temperature gradients through the summer

season reduces the significance of the weathe r systems.
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Figure 3: Mean air temperatures for August (left) and February (right) and for South -
West Greenland and Labrador Sea. A strong temperature gradient is common across
the Labrador Sea.

Figure 4: Geographical distribution of fog in the Labrador Sea in percentage in July.

During summer sea surface temperatures in the Labrador Sea varies less than in
winter where a strong east -west temperature gradient is common towards Canada.
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Figure 5: General wind conditions in the East Labrador Sea and Cape Farewell area.
Source: ECMWF data.
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Legend

)=-\:_\ —  |/ajor drift pattern
)A 1 Secondary drift pattern
Figure 6: Iceberg drift pattern off South West Greenland and along the coast of
Canada.
2.2.1 ICE CONDITIONS
Sea Ice

There are two ice regimes affecting the Labrador Sea. The ice regime along the east
coast of Greenland Il ocally termed 6Storisd and
Baffin Bay, Davis Strait and western part of the Labrador Sea.

Table 2-1: Sea ice thickness or stage of development as defined by World
Meteorological Organization.

Sea Ice Terminology
New Ice (0-10 cm)
Young Ice (10-30 cm)
First Year Ice (30-200 cm)
Thin First Year Ice (30-70 cm)
Medium First Year Ice (70-120 cm)
Thick First Year Ice (120-200 cm)
Multi-Year Ice (>2m)

The West Ice is a so called marginal ice zone with a maximum sea ice extent in
March when the entire Baffin Bay and most of the Davi s Strait is covered by sea ice.
The sea ice starts to form in the open water near Baffin Island in September and
increases steadily from north to south and west to east. Due to the warm West
Greenland Current and the east -west temperature gradient, the ice is generally
thicker in the western part of the basin and due to the southward Labrador Current
extends further south near the Canadian coast. Late in the season ice floes
originating from further north in the Baffin Bay reach stages of medium and thick

first year ice by the time they reach the Labrador Sea. Only on rare occasions does

the West Ice encroach the Labrador Sea and Greenland waters east of 55° W.

The East Greenland Current transports large quantities of multi -year sea ice and
icebergs southw ards along the East Greenland coast towards Cape Farewell. When
the ice has reached Cape Farewell at the tip of Greenland, it continues west and
northwards along the west coast where it melts in the warmer northbound West
Greenland Current.
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Figure 7: South Greenland Ice Chart. The East Greenland Current transports icebergs

and sea ice from the Polar Sea and Greenland coast down around the southern tip of
Greenland. Icebergs are common all year whereas the region is normally free o f sea
ice through August -December.

Figure 8: Ice Chart from 9 March 2008 showing the Storis along the and South and
East Greenland coast and the West Ice in the Davis Strait and western part of the
Labrador Sea

Normally the Storis reaches its maximum distribution in Northeastern Labrador Sea

in May or June and melts away in late summer, and it normally takes four to five
months for the ice masses formed in the Arctic Ocean north of Greenland to travel

all the way southwards along the east coast of Greenland. Under normal conditions

the multi -year ice drift to the Cape Farewell area in December -January, is partly
depending on the intensity and tracks of low pressure systems in the North Atlantic
Ocean. Due to long periods with strong north  -westerly winds, as a result of cold air
out breaks from northern Canada during the winter, the Storis only passes Cape
Farewell for shorter periods. The intensity of the lows normally decreases in spring

and summer, and multi -year ice can drift north -westwards along the Southwest
Greenland coast in the West Greenland Current. The width, concentration and
position of this ice belt vary greatly with the wind, and from year to year. In the

most severe seasons the ice reaches the Green land capital Nuuk but normally the
northernmost extent of the multi -year ice on the west coast is in the vicinity of
Frederikshab around 62°N. The sizes of the ice floes are in general less than 100 m

and typically in the 5 to 20 meter range. When multi -year ice occur off Southwest
Greenland it is normally characterized by low or medium concentrations over large
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areas, however, long narrow belts of high sea ice concentrations are common.
Infrequent icebergs may occur through the open water season off Southw est
Greenland.

2.2.2 ICEBERGS

Icebergs are common near the Greenland and Canadian coasts. In Southwest
Greenland there are only minor glacial outlets producing small icebergs, bergy bits
and growlers which rarely survive longer than a few days in open sea. Thous ands of
large icebergs are calved every year from several glacier outlets on the east coast of
Greenland but many bergs deteriorate before reaching the Northeastern Labrador
Sea. When the icebergs reach open sea they drift southwards in the East Greenland
Current and depending on the time of year icebergs are embedded in sea ice. Many
icebergs drift off the sea ice edge and melt quickly due to a higher water
temperature and wave action. Within the sea ice edge in the cold East Greenland
Current, the deterio ration of the icebergs is limited. Large variations in the number
and size of icebergs rounding Cape Farewell are to be expected due to the
variability of the currents, the amounts of sea ice and weather conditions. An
important factor controlling the iceb erg environment off Southwest Greenland is the
input of icebergs to the East Greenland Current at high latitudes. The drift patterns

of icebergs are highly complex as winds, deep currents, ocean eddies, iceberg types
and bathymetry are important parameters controlling iceberg movements in the
open sea. The maximum number of icebergs in the Northeastern Labrador Sea is
typically observed in spring and summer. The iceberg minimum is normally during

fall and early winter and typically very few off the Greenlan d coast.

2.2.3 DEEP WATER

Shallow subsea blowouts are mostly characterized by flow of gas that is released
from the oil. The high velocity of the gas is driven by the expansion of the liquid
natural gas (at reservoir pressure) as it flows upwards and the pressu re falls to the
ambient pressure at the release point. This situation will also exist in a deep well
blowout since the hydrostatic seawater pressure is lower than the pressure
necessary to maintain the natural gas in liquid at the reservoir temperature.
However, the higher exit pressures associated with deep well blowouts will result in
denser and lower volume of gas exiting compared to releases in the shallow water.

Drilling rigs must be designed and built to specifications that enable them to drill in
deep water. There are a limited number of these available around the world. The
operators must identify available deep water rigs that can be accessed by the
company in case of a blowout. Because of the depth of water, it takes longer time
to drill arelie fwell, so there is likely to be more hydrocarbons entering the water.

BMP require two drilling units (2 rig policy) . Rigs and vessels must comply with
required specifications, and have experience from harsh environment , including
exploration drilling and deep water drilling. Each drilling unit  is required to have an
approved Acknowledgement of Compliance (AoC) from the Petroleum Safety

Authority Norway or a Safety Case from the British Health and Safety Executive. This

is also required by the Norwegian and British petroleum authorities for drillin g
units. The operators must identify available deep water rigs that can be accessed by
company in case of blowout event  i.e. a second rig shall be present in the area while
drilling .

Critical equipment that could be required offshore  must be available for
mobilization within minutes to hours.
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2.3 DRILLING IN GENERAL

Exploration drilling rigs use diesel engines to generate power to turn the drill bit,
which cuts through the surface and the rock beneath with the help of hydraulic
nozzles that wuse drill fluids (drill mud) pumped down from the surface. As the well
bore is extended, the hole is periodically cased with metal pipe (known as casings)
inserted into the borehole and cemented into place.

Drilling fluids, known as drilling mud, are pumped down the centre of the drill
string, which refers to sections of pipe that are added as the bit descends. The
drilling fluid, which lubricates the drill string, removes the cuttings and holds back
formation pressure, returns to the surface in the annular space between the d rill
string and the casing or borehole for cleaning and reuse. The hydrostatic pressure

of the drilling mud is the first barrier to prevent any oil or gas in the formation from
intruding into the well.

Drilling engineers design drilling mud systems with su fficient density to control the
subsurface pressure expected for the oil reservoir, but it is not always possible to
predict the exact magnitude of the subsurface pressure, especially when drilling an
exploration well in a previously unexplored area.

If th e subsurface pressure exceeds the pressure imposed by the column of drilling

mud in the well bore, the reservoir formation fluids (e.g., oil and gas) will flow into

the well bore in what is known as a kick. A kick can eventually flow to the surface,

potent ially causing a blowout (an uncontrolled flow of oil and gas from the well). To
prevent a kick from becoming a blowout, drilling rigs are equipped with heavy -duty
valve assemblies called blowout preventers (BOPs) attached to metal casings
cemented into the  well bore. Properly designed blowout prevention systems should
control excess pressure at the wellhead, but under -designed or malfunctioning
systems may fail to contain the excess pressure, resulting in a release of drilling

mud and hydrocarbons.

Explorat ion, or production, in the South  -West Labrador Sea, must still overcome a
number of obstacles. Due to limited offset data from other wells and limited

exploration wells having been drilled in Greenlandic territory, a small diameter pilot
hole shall be dril led in accordance with NORSOK Standard D -010 on each new well
location prior to commencing the actual drilling program. The depth of the pilot

hole may vary from location to location, but shall determine non presence/hazards
of shallow gas, and establish s afe foundation and setting depths for the surface
casings.

The drilling program shall be prepared and documented in accordance with the
NORSOK Standard D -010, Well Integrity in Drilling and Well Operations.

The Greenland Bureau of Minerals and Petroleum (B MP) have developed a Guideline
for drilling activities offshore Greenland. The operator shall present the application

to drill with a dual drilling rig vessel presence. This means that there should be at

least one drilling unit available to drill a relief well in the same area as the ordinary
wells are drilled in. The drilling unit with the smallest capacity will set the
boundaries of the drilling program activities.

ASSESSMENT OFBLOWOUT STATISTICS

This section discusses the blowout probabilities, their fl ow path distributions and
their duration estimates in general, for a possible future blowout in the Labrador
Sea, south west of Greenland.

Blowout frequencies and duration distributions for potential blowouts are discussed
based upon the following data an  d literature sources:
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1 SINTEF Offshore Blowout Database 2010 [1]. The database includes
information about 584 offshore blowouts and well releases that have
occurred world -wide since 1955.

1 Latest revision of the Blowout and Well release frequencies [2] fro m
Scandpower. The statistical analysis is based on blowout data from the North
Sea (British, Dutch and Norwegian sectors) and US Gulf of Mexico Outer
Continental Shelf over a period of 20 years from 01.01.1989 until
12.31.2008.

1 Environmental Risk Assessmen t of Exploration Drilling in Nordland VI. DNV
Report No. 2010 -0613, 20 ™ of April 2010[ 7].

3.1 BLOWOUTS IN GENERAL
For offshore operations blowouts ca  n be classified in three groups:

9 Surface blowout s
T Subsurface blowout s
1 Underground blowout s

Surface blowouts are characterized by flow of fluid from a permeable formation to

the rig floor, where atmospheric conditions exist. For subsurface blowouts

(underground flow) the flow typically exits the well at the mud -line (seabed), where
the exit conditions are controlled by the seawater gradient . Surface blowouts have
been given the most attention, as they are usually associated with large -scale fires.
For subsurface blowouts, the plume of the reservoir fluid may cause reduction of
buoyancy to the point where a floating rig would become unstable or even sink. The
likelihood of such scenario depends on the water depth, the flowing rate, and the

amount of ga s dissolved from the formation fluid.

Author & comment: Loss of buoyancy and subsequent sinking of vessels have been
heavily discussed throughout naval and academic history without any clear
conclusion . Such scenario should therefore be looked upon as  hypothetical only.

In deeper water a plume of oil could be dispersed horizontally before reaching the
surface or could be carried with the ocean currents to a location away from the rig.

The NORSOK Standard D -010 requires that two, and independent, barri ers shall be
present during all drilling and well operations. The drilling fluid that balances the
pressure in the well will typically represent the primary barrier, while the casing and

cement with associated equipment (including floats, packers, seal ass emblies,
wellhead, ring gaskets etc.) and the blowout -preventer (BOP) typically represents the
secondary barrier.

In order to make a blowout possible, i.e. to experience total loss of well control,
both the primary barrier and the secondary barrier have fa iled.

3.2 WELL CONTROL

The Figure 9 below shows a typical well control scenario, where an escalation of a

lost well control situation occurs before developing into a blo wout situation. During
the time of escalation, an experienced and properly trained drilling team offshore

with support from the onshore team can circulate out all well influxes through the

well control systems in a controlled manner, and thus avoid a blowo ut. A blowout
will not occur unless a major human failure is made and/or the well barriers suffer

from a major mechanical failure.
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Figure 9: lllustration of d ifferent stages of a blowout situation

As Figure 9 illustrate, m obilizing of the task force and preliminary survey for
possible rigs to drill a relief well might start shortly after the well control event is
unveiled. As most well contr ol incidents are controllable with existing barriers and
procedures no further escalation normally are experienced, only a very small
number of incidents develops into a release of well fluids and more seriously into a
blowout that has to be controlled b y external measures.

3.3 BLOWOUT PROBABILITY

There are a number of ways to estimate the probability/frequency for a blowout
related to the well and drilling operations:

1 Adjusting historical data for well control incident form historical blowout
database.
1 Develop scenario -based reliability models for specific situations.

The blowout frequencies presented in this report are extracted from the latest
revision of the Scandpower report [ 3] and are presented in Table 1 and Table 3-2
below.

The basis blowout probability is determined from blowouts in the North Sea . (l.e.
British, Dutch and Norwegian sectors)

In this report, the following well classifications are used:

1 An exploration well is drilling for new reserves and includes both wildcat
and appraisal wells.

1 A wildcat well is the first well drilled on a new, cle arly defined geological
structure. By definition little, if anything, is known about the subsurface
geology, especially the pressure regime.

1 An appraisal well is a well which is drilled to determine the extent and size
of a discovery.
1 A development well  is a generic term for wells which are used to produce

oil and gas from a field. It covers production wells, injection wells and
observation wells.

Table 3-1: Recommended blowout frequencies per drilled well.
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Drilling Well Frequency, | Frequency, | Frequency,
operation category | average well gas well oil well
. Normal 1.12E-04 1.02E-04 1.23E-04
Exploration
HPHT 6.92E-04 6.32E-04 7.65E-04
. Normal 1.06E-04 9.70E-05 1.17E-04
Wildcat
HPHT 6.58E-04 6.01E-04 7.28E-04
. Normal 1.17E-04 1.07E-04 1.30E-04
Appraisal
HPHT 7.28E-04 6.65E-04 8.05E-04
Normal 2.37E-05 2.16E-05 2.62E-05
Development

HPHT 1.47E-04 1.34E-04 1.62E-04
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Table 3-2: Inverse value of blowout frequencies, i.e. number of wells drilled per blowout
Drilling Well Number of wells Number of wells Number of wells
operation category | drilled per blowout | drilled per blowout | drilled per blowout
of average well of gas well oil well
' Normal 8 929 9 804 8130
Exploration
HPHT 1445 1582 1307
. Normal 9434 10 309 8 547
Wildcat
HPHT 1520 1664 1374
. Normal 8 547 9 346 7692
Appraisal
HPHT 1374 1504 1242
Normal 42 194 46 296 38 168
Development
HPHT 6 803 7 463 6173

More detailed description s of the findings from Table 1 and Table 3-2 are presented
in section 3.3.1 to 3.3.4 below.

3.3.1 BLOWOUT PROBABILITIES IN EXPLORATION WELLS

For an exploration well with normal pressure and temperature, the blowout
frequency is found to be 1.12E  -04 per drilled well in average. i.e. one blowout for
every 8929 drilled well.

For an exploration well with normal pressure and temperature drilled as a wildcat
well, the blowout frequency is found to be 1.06E -04 per drilled well in average. i.e.
one blowout for every 9434 drilled well.

For exploration drilling of a normal gas well, the blowout frequency is 1.02E -04 per
drilled well, i.e. one blowout per 9804 drilled wells in mature areas. For exploration
drilling of a normal oil well, the blowout frequency is 1.23E -04 per drilled well, i.e.
one blowout for every 8130 drilled wells.

3.3.2 BLOWOUT PROBABILITIES FOR WILDCAT WELLS

For an exploration well with  normal pressure and temperature drilled as a wildcat
well, the blowout frequency is found to be 1.06E -04 per drilled well in average. i.e.
one blowout for every 9434 drilled well.

For wildcat scenarios, drilling of exploration gas wells experience a blowou t
frequency of 9.70E -05 per drilled well, i.e. one blowout per 10309 drilled wells. For
exploration drilling of a wildcat oil well, the blowout frequency is 1.17E -04 per
drilled well, i.e. one blowout for every 8547 drilled wells.

The small differences fo und between wells drilled in known, and mature, areas
compared to new and unexplored areas are believed to be caused b y the higher
find -rate in mature areas.

Drilling of HPHT wells, i.e. wells with pressure higher than 690 bar and/or
temperatures highert han 150 °C, is believed to experience a significant higher risk
for a blowout. Since no new risk assessment are available for HPHT wells, the
theoretical value from 1998, still being used in the Scandpower report where HPHT
wells have a blowout frequency 6 .2 times higher than normal wells.

In average one blowout per 1445 wells drilled for HPHT wells in mature areas, and
one blowout per 1520 wells drilled in wildcat scenarios.

3.3.3 BLOWOUT PROBABILITIES IN APPRAISAL WELLS

For an appraisal well with normal press  ure and temperature, the blowout frequency
is found to be 1.17E -04 per drilled well in average, i.e. one blowout for every 8547
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drilled well. For appraisal drilling of a normal gas well, the blowout frequency is
1.07E-04 per drilled well, i.e. one blowout per 9346 drilled wells. For appraisal
drilling of a normal oil well, the blowout frequency is 1.30 -04 per drilled well, i.e.
one blowout for every 7692 drilled wells.

Again, drilling of HPHT wells typically have a blowout frequency 6.2 times higher
than normal wells. In average one blowout per 1374 appraisal wells drilled for
HPHT regimes .

3.34 BLOWOUT PROBABILITIES IN DEVELOPMENT WELLS

Drilling of development wells has significant lower risk for experiencing a blowout

due to extensive knowledge of the area from nearby wells . At normal pressures, the
average blowout frequency is 2.37E  -05 per drilled well, i.e. one blowout per 42194
drilled wells. For gas wells the blowout frequency is 2.16E -05 per drilled well, i.e.
one blowout for every 46296 drilled wells. For development drilling of oil wells, the
blowout frequency is 2.62E -05 per drilled well, i.e. one blowout for every 38168
drilled wells.

Yet again, drilling of HPHT wells typically have a blowout frequency 6.2 times higher
than normal wells. In average  one blowout per 6803 development wells drilled for
HPHT regimes .

3.4 BLOWOUT PROBABILITIES AS FUNCTION OF WATER DEPTHS

The majority of deep water drilling has been carried out by semisubmersibles, but
some wells have been drilled with drill ships. In the Arctic area it is most likely to
use drilling ships (Floaters).

Deep water (> 1000 m)

With respect to deep water drilling, the SINTEF Offshore Blowout Database
characterise s blowouts and well releases data and exposure data with respect to
water depths for the North Sea (British and Norwegian sectors) and the US Gulf of
Mexico Outer Continental Shelf in the period from 01.01.1980 until 31.12.2008.
Assuming deep water in this context to be water depths in excess of 1000 m, 3
blowouts and well releases occurred in deep waters out of a total of 55 incidents
occurring at all water depths. The number of wells drilled at deep waters is 1523

out of a total of 42722 exploration and de velopment wells drilled at all water
depths.

This indicates that there for normal wells should be an adjustment factor of 1.53 in
the blowout frequency for deep water drilling.

Ultra deep water (> 2500 m)

Assuming ultra -deep water is water depths in exces s of 2500 m, only 3 exploration
wells and 6 development wells are reported to have been drilled since 2003. No
blowouts and well releases are reported drilling at ultra -deep waters. The fraction of
HPHT wells is likely to increase with ultra  -deep drilling.
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4 BLOWOUT POTENTIALS

4.1 METHOD FOR CALCULATION OF BLOWOUT POTENTIALS

In this section the methodology for calculation of blowout potentials are presented,
and implemented on the hypothetical wells defined.

The objective in this study is to describe the potential outcome of future blowouts
in yet unplanned wells in the Labrador Sea. Hypothetic al (pseudo) wells are defined
and modelled.

These wells are selected based on reference exploration drilling results from the
Canadian side of the Labrador Shelf.

Multiple calculations and simulations are performed on these wells in order to
model each scenario as correct as possible, while statistical data are implemented in
the results from the simulations. By doing so, the statistical sample space can be
presente d and the statistical most likely values can be predicted.

A distribution between all investigated scenarios and associated expected durations
are cal cul at e d OlbFaGsidelihesdon estimaten ob blowout potentials 6 6][

Simplifications can be applied, but should only be used in order to present data in a
more conservative matter, illustrated Figure 10 below.

A

fiq)

q

Figure 10: Expectation curves for volume/frequencies and possible simplification strategies.
X-axis is the blowout rate and the y  -axis is the blowout frequency

In the Figure 10, above, the blue curve A represents a rigorous study with extensive
parametric analysis, graph B and C, represents simplifications, though in a
conservative matter. All scenarios; A, B and C are acceptable, where A is most work
intensive, and alternative C is least work intensive and most conservative.

4.2 RESERVOIR PROPERTIES
In order to span the range of possible scenarios for the risk procedure performed in
this study, the following cases have been evaluated:

1. OQilfind in reservoir
2. Gas-condensate find in reservoir

All scenarios are evaluated for  both surface and seabed release point of blowout.
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Table 4-1, Table 4-2 and Table 4-3 on the next page show the reservoir properties
used in the simulations for the well pre sented in this report.

Table 4-1: Reservoir data for _the hypothetical wells

Description Well 01 | Well 02 | Well 03 | Well 04 | Well 05 | Well 06
Reservoir top m TVD RKB 1938 2491 3112 2163 3500 4000
grr“ezet’j‘;“re °C 55 65 87 58,7 105 120
Pressure @ res bara 240 282 380 264 470 550
Permeability mD 100 100 0,65 100 10 20
Zone interval, gross m 75 325 325 110 75 150
Net to Gross ratio - 0.147 0.07 0.07 0.77 0.15 0.2
Net pay, h m 11 24 24 85 11 30
Porosity fraction 0.11 0.18 0.11 0.20 0.10 0.11
RKB to MSL m 25 25 25 25 25 25
Seabed m 550 141 144 140 1500 1500
1) Netto gross ratio:  proportion of the  Gross Reservoir interval that contributes to
production with the given properties (rangeis 0to 1)
Table 4-2: Hypothetic reservoir fluid data for oil the hypothetical wells
Well ID: Well 01 | Well 02 | Well 03 | Well 04 | Well 05 | Well 06
Density [kg/Sm°] 890 845 845 845 845 845
GOR [sm*/Sm’] 60 125 125 125 300 300
Table 4-3: Hypothetic reservoir fluid data for gas -condensate the hypothetical wells
Well ID: Well 01 | Well 02 | Well 03 | Well 04 | Well 05 | Well 06
Density [kg/Sm°] 738 738 738 738 738 738
GOR [Sm¥/sm?] 8200 8200 8200 8200 8200 8200

All fluid information refers to standard conditions, i.e. 15°C / 1.01325 bara.

4.3 WELL DESIGN

For this project, six reference wells have been defined based on exploration drilling
results from the Canadian side of the Labrador S helf. In order to simulate the
possible blowout potentials for these wells the following assumptions have been
made:

1 All six reference wells are assumed to be vertical exploration wells

1 For those of the wells being shallower than 3000 m, a 13 E 6casing has been
assumed followed by 8.5 dpenhole section. The casing shoe is set at a depth
equal to 50% of the soil/overburden thickness

1 For those of the wells being deeper than 3000 m, a 9 e 0 casing has been
assumed followed by 8.5 ¢ open hole section. The casing s hoe is set at a
depth equal to 50% of the soil/overburden beyond 3000 m and top reservoir

The alternative with a 12 %" hole drilled from the 13 EO casing shoe to TD is
excluded as this option might cause extreme challenges with respect to a later well
kill operation as very pumping rate and mud volumes must be expected.

In the aftermath of the Montara blowout in Australia in 2009 the Norwegian PSA has
ruled out exploration drilling with such slim well design.

This has given the following six reference wells subject to blowout simulations:
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4.3.1 WELL 01 6 HOPEDALE E-33 ANALOGUE

Well 01 ha s been modelled for the following design:

1 13 Eocasing set @ 1275.1 m MD/TVD RKB
1 Top of reservoir is estimated @ 1950.2 m MD/TVD RKB
1

An 8. 56 section wildl b e Ed casinglskod thrbugtottmce t he 13
potential hydrocarbon carrier formation to a total depth well below the gross
zone

1 ODforthedrill pi pe used when <calculating the Dbl owou
drilling the 8.56 section.

4.3.2 WELL 02 8 SNORRI J-90 ANALOGUE
Well 02 ha s been modelled for the following design:

1 13 Eodcasing set @ 1353.5 m MD/TVD RKB
I Top of reservoir is estimated @ 2516 m MD/TVD RKB

T An8.56 section wild.l b e Edcasing sheedthroughdhes t he 13
potential hydrocarbon carrier formation to a total depth well below the
gross zone

T OD for the dril

| pi pe used when calculating t
drilling tlhe 8.506 se i

4.3.3 WELL 03 8 NORTH LEIF I-05 ANALOGUE
Well 03 ha s been modelled for the following design:

1 9 e dcasing set @ 3062.5 m MD/TVD RKB
1 Top of reservoir is estimated @ 3125 m MD/TVD RKB
1

An 8. 56 section wild/l b e ¢ &dcasing kheda thrdughotme t he 9
potential hydrocarbon carrier formation to a total depth well below the gross
zone

T OD for the dril i

pipe used when calculating t
6 section.

I
drilling the 8.5

4.3.4 WELL 04 6 BJARNI H-81 ANALOGUE
Well 04 ha s been modelled for the following design:

1 13 Edcasing set @ 1182.5 m MD/TVD RKB
1 Top of reservoir is estimated @ 2175 m MD/TVD RKB
1

An 8. 56 section wildl b e Ed casinglskod thrbugtottmce t he 13
potential hydrocarbon carrier formation to a total dept h well below the gross
zone

1T OD for the dril i

pi pe used when calculating t
0 section.

I
drilling the 8.5

4.3.5 WELL 05
Well 05 ha s been modelled for the following design:

1 9 e dcasing set @ 3262.5 m MD/TVD RKB
1 Top of reservoirisset @ 3525 m MD/TVD RKB

T An8.56 section wild.l b e e &dcasing khed thrdughottme t he 9
potential hydrocarbon carrier formation to a total depth well below the gross
zone
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drill pipe used when calculating t

T OD f e
t .56 section.

drilling

o

o
h

4.3.6 WELL 06
Well 06 ha s been modelled for the following design:

1 9 e bcasing set @ 3512.5 m MD/TVD RKB
1 Top of reservoir is set @ 4025 m MD/TVD RKB

T An8.506 section wildl b e e ddcasing kheda thrdughotme t he 9
potential hydrocarbon carrier formation to a total depth well below the gross
zone

1T OD for the dril i

pipe used when calculating t
6 section.

I
drilling the 8.5
4.3.7 WELL SCHEMATICS

The schematics for the diffe rent reference wells are in  Figure 11 on the next page
The wells are described above.
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wells defined for the Labrador Sea.

Figure 11: Schematic drawing of the hypothetical
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4.4 |INFLOW PERFORMANCE RELATIONSHIP (IPR)

The productivity index is sensitive to parameters such as permeability, penetration
length, N/G ratio, the productive height of the reservoir as well as mechanical skin,
inflow turb ulence or skew drainage due to limited penetration. The productivity
index is also a transient parameter that tends to decline shortly after initiation of

the production, or as in this case, a blowout. This is caused by the reduction of the
near wellbore r eservoir pressures.

Note: Skew drainage is defined as reduced productivity from a permeable reservoir
due to the fact that only a part of the reservoir is opened for flow. The commingling
flow will then not be able to benefit from the whole reservoir pote ntial.

When calculating the blowout potentials, the blowout rates for the different
scenarios are strongly dependent on the permeability, pressure, fluid viscosity and

the consecutive productivity index. Simulations are based on the most likely
properties , as given in Table 4-1 (reservoir data) and Table 4-2 and Table 4-3 (fluid
data).

As Table 4-1 shows, the permeability for the 6 reference wells ranges from 0.65 -100
mD. This is reflec ted in the productivity and the corresponding IPRs.

441 IPR 0 FOR THE GAS/ CONDENSATE (GC) WELLS

The IPR relationships for the reference wells holding a gas and condensate as
reservoir fluid are given in  Figure 12.

The IPR relationships shown are for fully penetrated reference wells in accordance
with the scenarios described in Section 4. As can be seen from the figure, high

productivity is expected especially for well 04 due to high permeability and large
zone interval, while low productivity is expected especially for well 03 due to low
permeability.
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Figure 12: Gas Condensate Inflow Performance 9 all reference wells

Gas Rate
[1000 Sm3/day]

In the calculations perform ed, a partly penetrated scenario is simulated for each of

the wells in addition to the above presented fully penetrated scenarios. For partly
exposure, the perforation interval has been reduced to 5 m, which is considered to
be conservative .

Note: When drilling an exploration well, special attention is given when approaching
possible HC bearing formations. Typically drill & circulate procedures will be
implemented or a "drilling break" is observed, which is defined as a sudden increase
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in penetration rate. The standard procedure for such drilling break is to continue
drilling for approx. 3 meter , then stop, perform a flow check and possibly circulate
in order to enable cuttings and shows analysis at surface.

4.4.2 IPR 0 OIL WELLS

The corresponding IPR relations hips assuming the reference wells to be filled with
oil are given in  Figure 13.

The IPR relationships shown are for fully penetrated reference wells. Again, well 04
is the most productive well and well 03 the least productive well.
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Figure 13: Oil Inflow performance 8 all reference wells.

In the calculations performed, a partly penetrated scenario is simulated for each of

the wells in addition  to the above presented fully penetrated scenarios. For partly
exposure, the perforation interval has been reduced to 5 m, which is considered to
be conservative.

45 BLOWOUT SCENARIOS

Hypothetical blowout scenarios have been investigated in this study, all relevant for

drilling operations. The analysed scenarios include blowouts through open hole,

drill pipe and annulus to drill floor and to seabed. Figure 14 illustrates the possible
blowout paths to drill floor. In addition simulation cases for blowouts through a
restriction have also been included representing a partly closed BOP o r accidental
breakage of piping, valves or hoses connected with the BOP.

The statistical values are found based on the SINTEF Offshore Blowout Database [1]
and the annual report from Scandpower [2], that are based upon a more
comprehensive analysis of the  SINTEFdatabase .

Furthermore, the operational experience from the Acona group of companies, with

more than 25 years of relevant experience is implemented in the calculation of the
probability distribution. These evaluations and their weighting are discuss ed in
detail below.

In order to limit the number of scenarios to analyse, two main categories of
incidents are simulated and are intended to cover all possible scenarios
conservatively. These are " Partly Penetrated” and "Fully Penetrated " reservoir
sectio ns, which together are assumed to cover all kick scenarios.
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For the " Partly penetrated” scenarios, a penetration pay of 5 meters is used. In
reality, the choice of penetration length into the reservoir, i.e. 5 m, is of less
importance when evaluating the probability distribution. In fact, it is the
mechanisms leading to the blowout that is important. For the partly penetrated
case, the occurrence of a blowout is due to a kick scenario in the well. For the fully
penetrated case, a swab scenario leads to the possible blowout. The loss of primary
barrier by swabbing of reservoir fluids when pulling out of hole can be caused by
pulling too fast, insufficient compensation for the drill string displacement volumes

or by a combination of these. Borehole pack -off o r partly collapse of some strings or
formations might increase the risks of swabbing reservoir fluids. Theoretically such
swabbing may not be discovered before the BHA is at surface.

2 2

Sealevel

Sealevel Sealevel

Figure 14: Possible blowout paths for the defined scenarios (illustrative only).
From left to right: Open hole, drill pipe and annulus

The following " Partly penetrated” scenarios have been investigated:

1 Blowout through casing/open hole, reservoir partly penetrated

1 Blowout through drillpipe, rese  rvoir partly penetrated

1 Blowout through annulus, reservoir partly penetrated

1 Restricted blowout through a leak, 64/64" choke for each of the above

The following "Fully penetrated” scenarios have been investigated:

1 Blowout through casing/open hole, reservo ir fully penetrated

1 Blowout through drillpipe, reservoir fully penetrated

1 Blowout through annulus, reservoir fully penetrated

I Restricted blowout through a leak, 64/64" choke for each of the above

For all the above mentioned scenarios, the blowout potentia Is have been modelled,
and the results organised.
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4.6 STATISTICAL MODELLING OF THE BLOWOUT SCENA RIOS

46.1 INTRODUCTION

Table 4-4 summarizes relevant statistical findings from drilling, completion and
workover activities from the Scandpower report from April 2011 [2]. The statistical
basis for the flow path distribution is data from the area of US GoM and North Sea
where equipment (i.e. BOP) have been of North Sea standard. During completion and
workover, where standard equipment is not relevant the number of blowout is low,

but these incidents are assumed would have happened even if the North Sea
standard equipment were used. Flow path distribution of these incidents is
weighted with a factor of 0.2 by Scan  dpower.

Table 4-4: Probability distribution of flow paths from 20  years of historical data

When implementing these data for calculation of flow path distribution the following
assumptions and methodology have been used:

T wel |l operations cat e g odefined adopesationsonthereatiie we |l | 6,
fluid column itself is the primary barrier includes the activities drilling
operations, workover operations and completion operations . Loss of well
control in these operations are initiated by, and limited to, formation kicks
or losses caused by unexpected formation properti es, lack of operational
fluid control or swabbing of reservoir fluids from opulling out of
activities or lack of heave compensation.

Since all these incidents (kick or loss from/to reservoir, lack of fluid control

and swabbing) also are possible fro m completion and workover operations
and that the secondary barrier in these operations also includes the drilling
BOP, the statistical data from these two groups are included in the statistical
summary together with the data from drilling operations.

1 In the final distribution used in this report, the outside casing and outer
annulus flow paths are combined with the annulus flow path.

1 The test tubing flow path is combined with the drill -string flow path due to
comparable inner diameter and thereby compara ble expected blowout rates.
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