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4.6.1

Measured farfield sound pressure of around 170dB re 1uPa, in the frequency range 10-2000Hz
(Davis et al. 1991) is probably typical of drilling from a semi-submersible rig and is of the same
order and dominant frequency range as that from large merchant vessels (e.g. McCauley 1994).

Taking 170dB as an example of the typical noise level generated from drilling operations using a
semi-submersible drilling rig and assuming a spherical propagation of noise from the source, it
can be seen from Figure 4.5 that background noise levels will be reached within approximately 4
kilometres of the source. Of note, is that an anchored semi-submersible will generate less noise
than a dynamically positioned semi-submersible, which is dependent on its thrusters for
maintaining position.

Figure 4.5: Propagation of Sound in Water (from Richardson et al., 1995)
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Potential Impacts on Fish

Fish species known to spawn in the area include hake, southern blue whiting and cod, although
none of these species are expected to spawn during the proposed April to June drilling period
(refer to Section 3.2.2).

Cephalopod spawning is also unlikely to occur in the vicinity of the Toroa well during the drilling
period. Given the water depth at Toroa (around 600 metres) the proposed drilling activity is
considered to be located outside of the Loligo nursery areas, which in general do not exceed 400
metres in depth (Laptikhovsky, 2008), and is certainly deeper than the spawning ground of the
Loligo, which occur at depths of less than 20 metres (Laptikhovsky, 2008)

As discussed in Section 6.6.1 of the EIS (pg 6-15) fish are generally sensitive to noises within the
frequency range of less than 1 Hertz to 3,000 Hertz, however, it has been reported that they will
respond consistently to very low, or very high frequency noises (Knudsen et al. 1992, 1994).
Sounds in the range of 50 to 2,000 Hertz, such as the peak sound levels produced by many
anthropogenic activities, only produce short-term startle response at the outset of sound
production with subsequent habituation to noise (Knudsen et al. 1992, 1994, Westerberg, 1999).

Given the magnitude of sounds expected to be produced by the proposed Toroa drilling activities,
there are not expected to be any physical impacts on fish or physical damage to fish egg/larval
(Figure 4.6).
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Figure 4.6: Sound Pressure Level Thresholds for the Onset of Fish Injuries (after Turnpenny &
Nedwell, 1994)
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Potential Impacts on Cetaceans

Based on the JNCC survey results (White et al., 2002), the following species of cetacean have
been recorded within the vicinity of the proposed Toroa drilling location: long-finned pilot whale,
hourglass dolphin and peale’s dolphin, although during the months of the proposed drilling
period (April to June) only long-finned pilot whale and peale’s dolphin were recorded in
significant numbers. In addition, species specifically recorded offshore the Falkland Islands
during the proposed drilling period (April to June) include sei whale, sperm whale, minke whale
and Commerson’s dolphin. Additional marine mammal data in the vicinity of the proposed Toroa
well has also been compiled based on the reports provided by Marine Mammal Observers
(MMOs) on seismic vessels during acquisition programmes. This includes surveys undertaken in
BHPBP(F)C’s licence area when it was under the Operatorship of FOGL. This data indicates that
the southern right whale, fin whale, hourglass dolphin and peale’s dolphin may be present within
the general vicinity of the proposed Toroa drilling location (refer to Section 3.2.3 for further
details).

As discussed within Section 6.6.2 of the EIS (pg6-16), cetaceans are unlikely to be significantly
affected by the magnitude and frequency of noise produced during the planned offshore drilling
operations (Richardson et al., 1995). The sound produced by drilling rigs and associated support
shipping are all well below the injury thresholds for the functional hearing groups (i.e. low-, mid-
and high-frequency cetaceans) for non-pulse sounds as established by Southall et al (2007).
Sounds produced might, however, evoke certain levels of behavioural response.

While there are clearly major areas of uncertainty remaining, there has been relatively extensive
behavioural observation of ‘low-frequency cetaceans’ exposed to non-pulse sources. The
combined information from these generally indicates no (or very limited) responses at received
sound levels of 90 to 120 dB re: 1 pPa and an increasing probability of avoidance and other
behavioural effects in the 120 to 160 dB re: 1 uPa range (Southall et al, 2007). Assuming a 120 dB
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re: 1 uPa threshold, behavioural avoidance by ‘low frequency cetaceans’ is expected to extend to
approximately 350 metres from a semi-submersible drilling rig.

Evidence suggests that dolphins and other toothed whales show considerable tolerance of drill
rigs and support vessels (Richardson et al, 1995). Baleen whales have been reported within visual
distance of drill ships off West Greenland (LGL, 2000) and bowhead whales have been observed
to avoid an area with radius 10 kilometres around a drill-ship, corresponding to received sound
levels of 115 dB re 1 uPa (Richardson et al, 1995). Sound levels produced from the Ocean
Guardian semi-submersible rig will be approximately 170 dB, this will be annulated to background
levels within 4 kilometres of the source (assuming spherical spreading — see Figure 4.5) limiting
behavioral reactions to a small area in the vicinity of the proposed drilling activity.

A recent study by Todd et al (2009) recorded the harbour porpoise activity around offshore gas
installations in the North Sea and concluded that harbour porpoises actually frequented the 500
metres safety zone surrounding offshore installations, possibly to feed, with surprising regularity,
particularly at night.

Given the above, although there may be cetaceans present in the vicinity of the drilling activity,
impacts from noise associated with drilling the Toroa exploration well will be within a localised
area and are expected to be negligible.

Potential Impacts on Pinnipeds

Little is known of the at-sea distribution of Falkland Islands pinnipeds, and it is possible that both
South American sea lions, south American fur seals and southern elephant seals may be present
within the vicinity of the proposed Toroa location during the drilling period in low numbers.

Information on the effect of noise on pinnipeds is scarce (Davis et al., 1990). Noise can interfere
with the ability of pinnipeds to explore their environment and communicate with each other
(Reijnders et al., 1993). Furthermore, heavy noise generated from seismic operations,
icebreakers and drilling operations might cause serious discomfort (Richardson et al., 1998).

Most pinniped species have peak sensitivities between 1 and 20 kHz. Some species, like the
harbour seal, have best sensitivities over 10 kHz. Only the northern elephant seal has been
shown to have good to moderate hearing below 1 kHz (Kastak and Schusterman, 1999). Some
pinniped species are considered to be effectively double-eared in that they hear moderately well
in two domains, air and water, but are not particularly acute in either. Others, however, are
clearly best adapted for underwater hearing alone.

Responses of pinnipeds to noise disturbance vary depending on where the individual is when
they encounter a novel noise source. Pinnipeds generally show reduced reaction distances to
ships when the animals are in the water compared to when they are hauled out (Hammond et al.,
2006). As the proposed Toroa well is located some distance from the know haul-out sites and
only low numbers of pinnipeds may be present in the water around the drilling rig (refer to
Section 3.2.3), impacts from noise associated with drilling the Toroa exploration well are
expected to be negligible.

Potential Impacts on Protected Birds

The majority of seabird species in the Falkland are observed in coastal and nearshore areas. Few
seabirds have been recorded in the vicinity of the proposed exploration well during the proposed
drilling period (April to June) (refer to Section 3.2.4). Of the penguin species recorded in the
Falkland Islands, only rockhopper penguins and magellanic penguins have been observed at
significant distance from the Falkland Islands and may therefore be present during the proposed
drilling period for the Toroa exploration well. It is possible that the southern royal albatross will
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be present in the vicinity of the proposed Toroa well during the months of March to June and the
northern royal albatross will be present in the vicinity of the proposed well during the months of
March to July, thereby overlapping with the proposed drilling period. It is also likely that the
black-browed albatross will be present in the vicinity of the exploration well between February
and June. Petrels and shearwaters known to be present in the vicinity of the Toroa exploration
well during the drilling period include blue petrel, kerguelen petrel, Atlantic petrel, prion species,
sooty shearwater and diving petrel, however, none of these species are considered to be present
in significant numbers.

Anticipated airborne noise from drilling activities is likely to be rapidly attenuated and, as a
result, any impact to seabirds (i.e. displacement from the area) is likely to be very localized within
the immediate vicinity of the drilling and will be temporary in nature (the rig is anticipated to be
on site for a maximum of 40 days).

Given the above, and the fact that the area in the vicinity of the Toroa well is not considered to
be of particularly high sensitivity for seabirds, the impact of the proposed drilling activity on any
birds which may be present in the area is considered to be negligible.

Atmospheric Emissions

The main sources of atmospheric emissions during drilling operations will result from diesel burnt
for power generation for the drill rig and three associated standby vessels, and from aviation fuel
burnt during helicopter trips.

Diesel burnt for power generation will give rise to minor emissions of carbon dioxide (CO,),
oxides of nitrogen (NOx), nitrogen dioxide (NO,), sulphur dioxide (SOx) and unburned
hydrocarbons (refer to Table 4.4). These types of emissions are anticipated to disperse rapidly
under most conditions to levels approaching background within a few tens of metres of their
source. Although all such emissions will contribute in a small way to the overall pool of
greenhouse and acidic gases in the atmosphere, local environmental and transboundary effects
will be negligible.

Practical steps to limit atmospheric emissions that will be adopted during the drilling programme
include advanced planning to ensure efficient operations, well maintained and operated power
generation equipment and regular monitoring of fuel consumption.
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Table 4.4: Predicted Atmospheric Emissions from Power Generation from Drilling Toroa (assumes
rig is on location for a maximum of 40 days)

Gas' Drill Rig 2 Standby Vessels® Helicopters4 Total
Carbon dioxide 1,920.000 2,560.000 102.400 4,582.400
Carbon monoxide 9.420 12.560 0.166 22.146
Oxides of nitrogen 35.640 47.520 0.400 83.560
Nitrous oxide 0.132 0.176 0.007 0.315
Sulphur dioxide 2.400 3.200 0.128 5.728
Methane 0.108 0.144 0.003 0.255
Volatile organic chemicals 1.200 1.600 0.026 2.826
Note 1: Emission factors used from UKOOA 2002a based on methodology proposed by OGP
Note 2: Rig is estimated to consume @ 15 tonnes fuel/day for 40 days duration.
Note 3: 4 Standby vessels, each estimated to consume @ 5 tonnes fuel/day for 40 days duration.
Note 4: Atmospheric emissions for helicopter trips assumes flights for crew changes will occur 25

times (round trip) throughout the drilling programme. Fuel consumption is estimated at 5
tonnes per 1,000km with a return trip from Mt Pleasant Airport to the rig estimated at 256
kilometres.

Marine Discharges

As discussed in Section 6.8 (pages 6-17 to 6-18) of the BHPBP(F)C Offshore Falkland Islands
Exploration Drilling (Licences 028 and 015) EIS, marine discharges from the exploration drilling
programme will include discharge of WBM, drill cuttings, cement, drainage water and sewage.

BHPBP(F)C have employed several measure to reduce impacts to the marine environment from
these discharges as detailed below:

. Planned use of water based mud (WBM) for all sections of the well with the selection of
most environmentally benign mud and cement chemicals.

. Good housekeeping standards to be maintained on the rig to control the amount of
hydrocarbons and other contaminants entering the drainage system. Appropriate drainage
and sewage treatment systems will be on all rig/vessels. All discharges from the
rig/supporting vessels will be treated and discharged according to the MARPOL Convention.

. All drilling chemicals to be assessed using the HOCNS methodology where appropriate, in
accordance with the UK’s Offshore Chemicals Regulations (OCR) 2002. Any chemicals with
substitution warnings will be substituted where practicable.

Due to the low toxicity of the majority of the discharges and the anticipated dilution and
dispersion, all impacts are predicted to be short-term and localised and assessed to be negligible.

Water Based Mud (WBM)

WBM will be discharged as mud on cuttings and fine solids and, upon the completion of drilling
each section of each well, the spent WBM will be discharged to sea. The drilling mud
composition is essentially a brine solution, with naturally occurring barite and bentonite clay.
Small amounts of chemicals are added to this to maintain the properties of the mud and to
prevent damage to the well bore and the reservoir.

The main components of WBM will comprise natural products (for example, brine, bentonite and
barite), which are biologically inert. The muds typically have a very low toxicity, with an LCs, of
more than 50,000 parts per million (Jones et al., 1986; Leuterman et al., 1989). In fact, the WBM
comprises approximately 90 percent water and the vast majority of WBM discharged for the well

il

bhpbllllton 4-15



Offshore Falkland Islands Exploration Drilling EIS Operational Addendum

Rev: 02 Toroa Exploration Well (Licence PL015)

4.8.2

4.8.3

are classified under Annex 6 of the OSPAR convention (OSPAR, 1999) as substances, which are
considered to Pose Little Or No Risk to the environment (PLONOR chemicals) (refer to Tables 2.4
and 2.5 in Section 2.4).

Of the limited quantity of chemicals not classified as PLONOR and anticipated to be discharged
along with the WBM, all are categorised as Category E or Gold (the lowest environmental risk
category) under the UK Harmonised Offshore Chemical Notification Scheme.

Studies of the discharge of WBM into the water column in areas where currents are weak have
found dilutions of 500 to 1,000 times within one to three metres of discharge (Ray and Meek,
1980). Dilution will therefore be rapid and this, together with the low toxicity, indicates that any
impacts within the water column will be undetectable shortly after discharge. Discharge of the
WBM will not contribute to any impacts on the local seabed communities through toxicity,
bioaccumulation, low biodegradability or other aspects such as the endocrine disruption.

In some cases drilling muds may be associated with elevated levels of heavy metals. However, a
wide range of studies have shown that these are not bio-available and do not therefore result in
any direct affects on marine fauna and flora (Neff et al., 1989).

Cement Chemicals

During drilling of the wells, some surface returns of cement and associated chemicals will be lost
to the seabed in the immediate vicinity of the well. Only a small volume of cement will be lost
from the well. The cement is comprised mostly of PLONOR chemicals (refer to Tables 2.6 and 2.7
in Section 2.4). All chemicals to be discharged which are non-PLONOR have a HQ band of GOLD
or E (lowest environmental risk category) for the purposes of CHARM assessment. Any impacts
will be very close to the wells in the same area affected by cuttings deposition (refer to Section
4.5.2 above).

Drainage Water and Sewage

Water generated from rig washdown and rainfall from the open deck areas may contain trace
amounts of mud, lubricants and residual chemicals from small onboard leaks derived from
activities such as re-fuelling of power packs or the laying down of dirty hoses or dope brushes etc.
It should be stressed, however, that these would be relatively low volume discharges containing
small residual quantities of contaminant. BHPBP(F)C will ensure that the rig is equipped with
suitable containment, treatment and monitoring systems as part of the contract specification.

In addition, the BHPBP(F)C Drilling Representative will also ensure good housekeeping standards
are maintained onboard the rig to minimise the amount of hydrocarbons and other contaminants
entering the drainage systems. Liquid storage areas and areas that might otherwise be
contaminated with oil are generally segregated from other deck areas to ensure that any
contaminated drainage water can be treated or accidental spills contained. All the drains from
the rig floor will be directed to a containment tank and the fluids processed/filtered to remove
hydrocarbons (<15 parts per million hydrocarbons in water) as required under the MARPOL
Convention and discharged to sea. Residual hydrocarbons will be routed to transit tanks for
processing onshore.

An estimated 0.22 m3/day of grey water and 0.10 m3/day of black water will be generated by
each person on board the drilling rig and support vessels (based on previous modelling and
assumptions for offshore drilling operations (BP, 2002). Table 4.5 show the estimated volumes of
grey and black water produced per day from the drilling of the exploration wells (assuming 100
persons onboard).
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Table 4.5: Estimated daily quantities of grey and black water discharge

Type of water Volume(m?®)
Grey water produced (m?) 22
Black water produced (m3) 10

A Marine Sanitation Device will be available on the drilling rig for treatment of sewage effluent.
Sanitary wastes such as black (sewerage) and grey water (showers and washing facilities) will
contain detergents and cleaning agents from toilets and showers, together with human waste. All
black water is routed via sewage treatment systems before being discharged to sea.

Of note is that all discharges from the rig/supporting vessels will be treated and discharged
according to the MARPOL Convention. In addition, all vessels, including the rig, will implement
appropriate waste management plans.

Solid Wastes

Careful consideration is given to minimising the amount of waste generated and controlling its
eventual disposal. It is acknowledged that waste disposal and treatment options in the Falklands
are limited, and a tailored project waste management plan is currently being developed for the
project by BHPBP(F)C.

Typically, 24 tonnes of general waste are generated per month from a single well drilling
programme. Bulk wastes (e.g. garbage, scrap, etc.) generated on the drilling rig will be
segregated by type, stored in covered, four tonne capacity skips. Periodically these will be
transported to shore (waste will be disposed of on the Falkland Island with hazardous waste likely
to be exported to the UK, Chile or Uruguay) and the waste recycled or disposed of in a controlled
manner through authorised waste contractors.

BHPBP(F)C will ensure that a waste management programme is implemented to minimise the
amounts generated and to ensure material such as scrap metal, waste oil and surplus chemicals
are sent for re-cycle or re-use as far as practicable. Other waste will be sent to authorised
landfills or incineration facilities, depending on its precise nature, to the Falklands, if practicable,
or an alternate location.

All discharges from the supporting vessels will be treated and discharged according to the
MARPOL Convention, which prohibits discharge of any garbage or solid wastes into the marine
environment.

All vessels, including the rig, will implement appropriate waste management plans and store and
dispose of all solid wastes onshore accordingly. Procedures for dealing with hazardous waste will
be implemented in accordance with UK regulatory guidelines and the Toroa drilling waste
management plan.

Loss of Containment

Potential Spill Scenarios

Potential spills risks from drilling operations are discussed within Section 6.10.1 (pg 6-19 to 6-20)
of the BHPBP(F)C Offshore Falkland Islands Exploration Drilling (Licences 028 and 015) EIS and
have remained unchanged.

Oil Spill Modelling

For oil spill planning purposes, the spill modelling originally provided within the EIS has been re-
run for this Operational Addendum using the BMT (BMT Cordah is a UK based environmental
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consultancy and information systems company) OSIS 4.2 spill model. As the rig is now known,
modelling has been included to simulate the loss of the entire inventory of diesel from the Ocean
Guardian rig located at Toroa. In addition, as a result of comments received on the EIS, trajectory
modelling has been run to estimate a worst case beaching time to Beauchene Island and Sea Lion
Island, both of which are closer to the proposed exploration well than the East Falklands
coastline. The predicted maximum volumes of crude, which may be released during a worst-case
blow out scenario, have also been re-calculated and a 31°API crude oil has been used rather than
an 18°API crude oil, as this is the predicted API type for Toroa.

In the absence of tidal cycle data, the residual surface current speed and direction observed in
the vicinity of the Toroa was input into the OSIS model. This data was obtained from current
meter installed at the proposed Toroa well location (refer to Section 3.1.4). A blanket current of
0.3 knots in the direction of bearing 041 degrees was input into the model. This prevailing
current speed and direction is in general agreement with the prevailing currents observed in the
area of the well at the time of year, according to the Admiralty pilot for the Falkland Islands area.

For the stochastic modelling scenarios, wind rose data for the month of April was selected from
the relevant Admiralty pilot for the area. The wind rose data was also analysed for the
subsequent months and it was noted that the wind rose data for the months of April, May and
June were very similar, with winds from the south-west, west and north-west slightly increasing
in speed in May and June. Therefore, in the unlikely event that the spud date of the well slips
into preceding months of either May or June, the stochastic modelling results will not be
significantly affected. Further, the increased wind speeds indicated above in May and June will
have the effect of encouraging the oil to disperse further offshore, and therefore using the April
wind rose data presents a worst case scenario in terms of possible beaching.

For the trajectory modelling, a 30 knot wind was chosen to represent a worst case scenario, as
outlined in the UK’s guidance notes relating to The Merchant Shipping (Oil Pollution
Preparedness, Response Co-operation Convention) Regulations 1998, produced by the
Department of Energy and Climate Change.

Given the above, the following scenarios have been modelled:

1. The weathering of the full rig inventory (1,108 tonnes) instantaneous diesel spill with a 30
knot onshore wind towards Sea Lion Island (Figure 4.7);

2. The weathering of the full rig inventory (1,108 tonnes) instantaneous diesel spill with a 30
knot onshore wind towards Beauchene Island (Figure 4.8);

3. The weathering of well blow out of 31° API crude oil (115.2 tonnes per hour for 48 hours)
with a 30 knot onshore wind towards Sea Lion Island (Figure 4.9);

4. The weathering of well blow out of 31° API crude oil (115.2 tonnes per hour for 48 hours)
with a 30 knot onshore wind towards Beauchene Island (Figure 4.10);

5. The weathering of a spill plume of diesel (1,108 tonnes instantaneous) from the loss of a full
rig inventory under ‘prevailing’ currents and ‘typical’ weather conditions (stochastic) from
the Toroa well location (Figure 4.11).

6. The weathering of a spill plume of 31° API crude oil (115.2 tonnes per hour released over 48
hours) derived from a well blowout event lasting two days under ‘prevailing’ currents and
‘typical’ weather conditions (stochastic) from the Toroa well location (Figure 4.12).
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The results of the modelling are summarised in Table 4.6, below. Note that for oil spill planning
purposes a radius of 30 kilometres was drawn around Beauchene Island and Sea Lion Island to
represent the possible extent of wildlife foraging areas.

Table 4.6: Toroa Exploration Wells OSIS Modelling Results

Met-
Oil Type Spill Size Scenario Coend?t‘;z:rs: Fate of Spill Figure
Diesel 1,108 tonnes |Full rig inventory Trajectory Diesel disperses within 9 hours, 4.7
(instantaneous in.stantaneous 30 knot onshore 38 kilometres south—egst of the
release) spill from Toroa wind towards Sea Sea Lion Island foraging area
Lion Island (119°) boundary and 68 kilometres from
the closest landfall (Sea Lion
Island). No beaching occurs.
Diesel 1,108 tonnes | Full rig inventory Trajectory Diesel disperses within 9 hours, 4.8
(instantaneous in.stantaneous 30 knot onshore 29 kilometres east of the
release) spill from Toroa wind towards Beauchene Island foraging area
Beauchene Island boundary and 59 kilometres from
(87°) the closest landfall (Beauchene
Island). No beaching occurs.
31° API 115.2t / hour | Well blowout Trajectory Slick enters the foraging area 4.9
Crude (48 hours) from the Toroa 30 knot onshore surrounding Sea Lion Island after
well wind towards Sea 30 hours at sea, and beaches on
Lion Island (119°) the south-eastern shores 44
hours after the spill.
31° API 115.2t/ hour | Well blowout Trajectory Slick enters the foraging area 4.10
Crude (48 hours) from the Toroa 30 knot onshore surrounding Beauchene Island
well wind towards after 25 hours at sea, and
Beauchene Island beaches on the eastern shore 41
(87°) hours after the spill.
Diesel 1,108 tonnes |Full rig inventory Stochastic Predominant movement to the 4.11
(instantaneous | spill from Toroa - east-north-east, away from Sea
Typical weather
spill) conditions with Lion Island and Beauchene
‘prevailing’ Island. No beaching occurs.
currents
31° API 115.2 t / hour Well blowout Stochastic Predominant movement to the 4,12
Crude (released over from the Toroa Typical weather easF-north-east, away from Sea
48 hours) well conditions with Lion Island and Bea.u.chene
‘prevailing’ Island. 2% probability of
currents beaching on the east Island;
beached volume 253m®.

The red line shown in Figures 4.7 to 4.10 below, represents the main path of the leading edge of
the oil slick. The black dots represent the general path of the dispersion of the oil slick as the oil
spreads out on the sea surface. The general movement and dispersion of the oil is influenced by
both the currents in the water and the winds acting on the surface of the oil. The general effect
on the movement of the oil is the resultant of the two forces. In the modelling results presented
in the figures below, it can be seen that the movement of the oil is predominantly wind driven,
due to the weak current applied (0.3 knots in direction 041°). However, the current still has a
small effect on the movement. This can most clearly be seen in Figure 4.7, where the path of the
oil is predominantly wind driven (30 knots towards Sea Lion Island), but it can also be seen that
the oil slick also disperses slowly towards the north-east due to the effect of the current, as the
black dots indicate.
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Figure 4.7: Trajectory model run of total fuel inventory loss from the rig (1,108 tonnes) released
instantaneously at the Toroa exploration well location under worst case 30 knot onshore wind
conditions towards Sea Lion Island
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Figure 4.8: Trajectory model run of total fuel inventory loss from the rig (1,108 tonnes) released
instantaneously at the Toroa exploration well location under worst case 30 knot onshore wind
conditions towards Beauchene Island
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Figure 4.9: Trajectory model run of well blowout (115.2 tonnes per hour for 48 hours) of 31° API
crude oil released at the Toroa exploration well location under worst case 30 knot onshore wind
conditions towards Sea Lion Island
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Figure 4.10: Trajectory model run of well blowout (115.2 tonnes per hour for 48 hours) of 31°
API crude oil released at the Toroa exploration well location under worst case 30 knot onshore
wind conditions towards Beauchene Island
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Figure 4.11:

Stochastic model run of total fuel inventory loss from the rig (1,108 tonnes)

released instantaneously at the Toroa well location under typical wind conditions
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Figure 4.12: Stochastic model run of well blowout (115.2 tonnes per hour for 48 hours) of 31°
API crude oil released at the Toroa well location under typical wind conditions
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Summary of Modelling Results

Trajectory modelling of the entire diesel inventory of the rig released instantaneously from the
Toroa well location with a worst case 30 knot onshore wind showed that the oil dispersed
offshore within 9 hours, without beaching on Sea Lion Island or Beauchene Island or crossing into
the 30 kilometre foraging area radii (Figures 4.7 and 4.8).

Stochastic modelling of the entire diesel inventory of the rig, using typical wind conditions for the
area obtained from Admiralty pilots, indicated that the diesel would weather offshore with the
oil drifting and dispersing in a north-easterly direction (Figure 4.11). The modelling indicated a
zero percent chance of the oil beaching.

It should be noted that the stochastic modelling scenario is more likely to reflect the actual fate
of any oil that is spilt, as it is based upon the prevailing meteorological conditions for the area.
The trajectory modelling scenarios, as illustrated in Figures 4.7 and 4.8 represent a worst case
scenario whereby the spill is forced towards the coastline with a 30 knot wind. In reality such
strong onshore winds are highly unlikely to occur for any significant length of time.

In the event of a well blowout from Toroa, it is estimated that 115.2 tonnes of 31° API crude per
hour would be released for a maximum period of 48 hours. Trajectory modelling of this worst
case scenario, using a 30 knot onshore winds towards Sea Lion Island, shows the slick entering
the foraging area after 30 hours and beaching after 44 hours (Figure 4.9). Trajectory modelling of
the same scenario, using a 30 knot onshore wind towards Beauchene Island, indicates that the
slick enters the foraging area after 25 hours and beaches after 41 hours (Figure 4.10).

Stochastic modelling, using typical wind conditions for the area obtained from Admiralty pilots,
indicated that a well blowout of 31° API crude (115.2 tonnes per hour for 48 hours) is likely to
weather offshore with the oil drifting and dispersing in a north-easterly direction (Figure 4.12).
As discussed above, this scenario is more likely to reflect the actual fate of any oil that is spilt, as
it is based upon the prevailing meteorological conditions for the area.

The stochastic modelling indicates a two percent probability of the oil beaching on the coastline
of the East Falklands, but predicts that no oil would beach on either Sea Lion Island or Beauchene
Island (Figure 4.12). A two percent probability of oil beaching on the mainland is considered to
be a very small probability and therefore is unlikely to occur. In addition, it should be noted that
historically, the worldwide frequency of blow outs is approximately 0.0063 per well, or 1 in every
159 wells (Holand, 1997). Statistics from the World Offshore Accident Data Bank (WOAD)
indicate that worldwide the frequency of occurrence of blowouts from mobile drilling units is
only of the order of 10 per 1000 unit years (WOAD, 1998). This is supported by data from the UK,
where over 3500 exploration, appraisal and development wells have been drilled from 1997 to
2008 (includes mechanical sidetracks) with no major blow outs. The probability of a blow out
during drilling of the Toroa exploration well is therefore very low.

Seabird Vulnerability

Seabird vulnerability maps for the Falkland Islands are available within the report 'Vulnerable
Concentrations of Seabirds in Falkland Islands Waters' (1998-2000), produced by the JNCC under
contract to Falklands Conservation, with funding support from the FIG. Maps produced in the
report can be used to identify areas supporting seabird concentrations at greatest risk to the
threat of surface pollution. Methods used for development of the vulnerability atlas are complex
and well documented (White et al., 2001) and are not expanded upon further here.

Vulnerability of seabird species to oiling varies throughout the year, depending upon breeding,
migratory patterns and at-sea conditions. The proposed Toroa exploration well is located away
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from the identified areas of highest seabird vulnerability. Highest vulnerability tends to be
associated with the inshore waters around the Falklands Islands, largely due to the presence of
resident species with a predominantly coastal distribution such as the endemic Falklands Steamer
duck, imperial shag and gentoo penguin. The Patagonian Shelf waters to the north and west of
the Falklands, which support high densities of black-browed albatrosses and royal albatrosses
year-round are also associated with high vulnerability areas, but again these are remote from the
proposed drilling location (refer to Section 3.2.5).

The results of the stochastic model run for a well blow-out (115.2 tonnes per hour for 48 hours)
of 31° API crude oil released at the Toroa well location under typical wind conditions have been
overlain onto the seabird vulnerability maps for April, May and June. It can be seen from this
that a major spill from Toroa is likely to interact only with areas of lowest seabird vulnerability.
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Figure 4.14: Seabird Vulnerability to Oiling Overlain with Stochastic model run of well blowout
(115.2 tonnes per hour for 48 hours) of 31° API crude oil released at the Toroa well location
under typical wind conditions
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Figure 4.14 (continued): Seabird Vulnerability to Oiling Overlain with Stochastic model run of
well blowout (115.2 tonnes per hour for 48 hours) of 31° API crude oil released at the Toroa well
location under typical wind conditions
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Figure 4.14 (continued): Seabird Vulnerability to Oiling Overlain with Stochastic model run of
well blowout (115.2 tonnes per hour for 48 hours) of 31° API crude oil released at the Toroa well
location under typical wind conditions
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4.10.4 Potential Offshore Impacts

Offshore, the groups of animals that are most obviously distressed by a marine oil spill are the
plankton, fish, seabirds and mammals.

Plankton occupies the upper layers of the water column and may be exposed to toxic water
soluble components from spills. The most serious consequence of this is seen where the water
body is relatively small, i.e. in shallow, inshore water. However plankton show great variability in
time and space and therefore the direct effects of oil are difficult to measure.

Spill events offshore may cause lethal effects in adult fish with hydrocarbon levels of above one
part per million. Fish larvae tend to be more susceptible and lethal effects may occur above 0.1
parts per million. Sub-lethal effects may be observed at low parts per billion concentrations; this
can result in behavioural changes or narcosis (Baker et al, 1990).

There has been some research into the lethal and sub-lethal effects of exposure of fish embryos
and larvae to hydrocarbon pollutants. Crude oil or its water soluble components are known to
induce histopathological effects in fish following chronic exposure (Khan and Kiceniuk 1984). Fish
tend to harbour a variety of parasites, most of which under natural conditions cause little or no
apparent harm. However, after chronic exposure to petroleum hydrocarbons, the prevalence
and intensity of parasitism increases substantially (Skinner 1982; Khan 1987; Khan and Kiceniuk
1988).

Interpretations of the biological impact of different oil spills have varied tremendously. For
instance, little damage to subtidal marine organisms which could be attributed to oil were
recorded following the Torrey Canyon spill (Smith, 1968) or the Santa Barbara spill (Straughan,
1971). However, substantial and long lasting damage to the subtidal marine biota was recorded
following the wreck of the Tampico Maru (North et al., 1965) and the West Falmouth oil spill
(Blumer et al., 1970). These differences can be attributed in part to differences in the
environmental and geographic conditions at the spill sites and to differences in the nature of the
oils spilled.

Three biomarkers of hydrocarbon exposure, CYP1A in liver vascular endothelium, liver
ethoxyresorufin O-deethylase (EROD), and biliary fluorescent aromatic compounds (FACs), were
examined in the nearshore fishes, masked greenling (Hexagrammos octogrammus) and crescent
gunnel (Pholis laeta), collected in Prince William Sound, Alaska, 7—10 years after the Exxon Valdez
oil spill (EVOS). All three biomarkers were elevated in fish collected from sites originally oiled, in
comparison to fish from unoiled sites. Evidence shows that 10 years after the spill, nearshore
fishes within the original spill zone were still exposed to residual EVOS hydrocarbons (Jeweet et
al, 2001).

BHPBP(F)C are also aware that fish egg and larval stages may be particularly vulnerable to the
effects of hydrocarbon pollutants such as PAHs. Two surveys were carried out in 1993 and 1994
to measure the concentrations of oil in water and the associated effects on fish larvae along two
north-south sections (between latitude 57.00°N and 62.00°N and between longitude 0.0°E and
1.5°E) through the northern North Sea by Stagg and MciIntosh (1996). A distinct north-south
gradient in hydrocarbon concentration peaking around installations associated with oil and gas
exploration and production was found. The hydrocarbon levels in the top 50 metres of water
between 56.00 and 59.00°N were elevated compared to those in deeper water. 7-Ethoxyresorufin
O-deethylase (EROD) activity was measured in pooled samples of both sandeel and gadoid larvae.
For both species the range of EROD activities was large and variable, thought most likely due to
damage to larvae associated with capture and subsequent denaturation of the enzyme. However
elevated EROD activity in samples taken where hydrocarbon fluorescence in the water was
clearly high, showing significant regression of EROD activity with hydrocarbon concentration. The
results presented by Stagg and McIntosh (1996) suggest a significant elevation of hydrocarbons in
a large area of the northern North Sea and that these concentrations are capable of inducing
biological responses associated with deleterious effects in fish larvae.
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As discussed in Section 3.2.2, however, sampling throughout the Falkland waters and the
Patagonian shelf has shown that the greatest number of unidentified fish eggs (indicating early
life stages) are found in the slope waters and deeper parts of the continental shelf (<400 metres),
shallower than the water depth at Toroa. In addition, fifty percent of all larvae collected during
surveys over four years (1992-1995) were found in the 800-1,000 metre depth range, deeper
than the water depth found at the Toroa exploration well location.

The effect on bird mortality following an oil spill depends on the size of the local bird
populations, their foraging behaviours, whether populations are aggregated or dispersed at the
time of the spill, and on the quantity of oil spilled and its persistence. After contact oil can Kkill
birds by removing the insulative property of their feathers and through toxilogical effects after
ingestion (Piatt, J.F et al. 1996).

Piatt, J.F et al (1996) studied the immediate impact of the ‘Exxon Valdez’ oil spill on marine birds.
They found that most birds retrieved 7 months after the spill were un-oiled species that
apparently died of starvation. The observed mortality was similar to that which occurred in the
Gulf of Alaska following a spill in 1983 (Nysewander and Trapp 1984). In that event tens of
thousalnds of adult shearwater, kittiwake and other seabirds died of starvation several months
after the initial spill due to losing their food supply from reduced fish levels in the water (Piatt,
J.F et al 1996).

It should be noted, however, that the likelihood a spill during the exploration programme is
highly unlikely. In planning its activities, BHPBP(F)C endeavour to ensure that all practicable
measures are taken to prevent the loss of hydrocarbon containment (refer to Table 4.7). In the
event of a release of hydrocarbons to the marine environment, BHPBP(F)C will enact both an
appropriate and proportionate spill response. With respect to the exploration programme, the
main spill risks are associated with accidental fuel spills from vessels during bunkering or as a
result of vessel impacts. The risks related to the initial exploration drilling operations will be
minimised through the employment of various controls and procedures such as the auditing of all
vessels, implementation of bunkering and fuel transfer procedures, development of an oil
pollution emergency plan (OPEP), vessel management and co-ordination plans.

Table 4.7: Planned Control Measures for Potential Sources of Oil Spills

Potential Source of Spill Risk and Control Measures Taken
Fuel or other utility fluids When refuelling is undertaken at sea, a refuelling procedure will be
(e.g. diesel, lubricants) implemented, and will contain measures such as the following:

e  Where practicable, re-fuelling and transfer of lubricants and
other utility fluids will only be undertaken during daylight and in
good weather conditions. Non-return valves will be installed on
fuel transfer hoses, hoses will be tested and inspected as a part
of a regular maintenance programme and operations will be
supervised at all times from both the supply boat and drill rig.

e Bunding is integral to the fuel, oil and liquid storage areas.

e  The rig will be equipped with sorbent clean-up materials and
storage capacity for recovered oil and sorbent. The crew are
trained in oil spill response actions.

An oil spill contingency plan will be in place and will compliment the
Falkland Islands national oil spill plan.

Loss of well control Precautions to prevent loss of well control include:
e shallow gas survey

e appropriate well design and engineering, such as using a blowout
preventer

e well monitoring programme

e conducting well control training and emergency drills.
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4.1

Cumulative Impacts

The potential for cumulative impacts will arise from the drilling operation itself during which time
the rig and support vessels will pose an additional shipping hazard in the area and from the
legacy it will leave in terms of atmospheric greenhouse gases and the cuttings and mud
discharged. However it is not anticipated that the short-term exploratory drilling campaign will
significantly, or permanently, add to these existing cumulative impacts.

The rig will be shared by a number of operators, each drilling their respective wells in a
programmed sequence, therefore there is unlikely to be any temporal overlap in operations. In
addition, the wells being planned by other operators are located a considerable distance from
each other, so the likelihood of any spatial overlap of impacts from different drilling operations
must be considered to be remote.

Cumulative solid waste generation from the drilling campaign will be minimised and managed
through the implementation of a Waste Management Plan, a separate document which will
define specific waste handling/disposal routes and procedures.

Modelling has shown that cuttings from the Toroa well will be deposited along a north north-
easterly to south south-westerly orientated axis. The distance covered along this axis is
approximately 11 kilometres and the maximum width of the pile is around 1.3 kilometres (when
measured to the 0.01 mm thickness contour). Given the distance of the closest other well to be
drilled, the proposed Loligo well located approximately 310 kilometres to the north-east, it is
very unlikely that the two cuttings pile would overlap. As such no cumulative impacts are
anticipated from the discharged cuttings and mud.

In summary, cumulative environmental effects from the planned exploration programme
offshore the Falkland Islands are unlikely given the short term nature of the wells, the fact that
they will be plugged and abandoned and that exploration activities are planned over a wide area.
Over time, impacts from drilling will be undetectable so there is no cumulative impact. Positive
socio-economic effects are possible over time as they will be concentrated in a single location
(Stanley) for all drilling operations both to the north and south of the island.
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5.1

5.2

Management Framework

Introduction

Environmental management of the Toroa drilling programme will be conducted within a
comprehensive framework comprising:

° BHP Billiton’s Charter;

. BHP Billiton’s Sustainable Development Policy;

. BHP Billiton Petroleum's Health, Safety and Environment Management System;

. Contractor HSE Policy Statements;

° Contractor HSE Management Systems;

° Management System Interface Documents;

. Contractor operational controls and specific environmental procedures for the drilling

Environmental Management Plans (EMPs).

A detailed description of this framework, including BHP Billiton Petroleum’s Health, Safety and
Environment (HSE) Management System (August 2009), BHP Billiton’s Sustainability Policy
Statement (which includes environmental commitments and goals and aspires to zero harm to
the environment) and BHP Billiton’s Charter was previously provided within Section 7 of the
BHPBP(F)C Offshore Falkland Islands Exploration Drilling (Licences 028 and 015) EIS and therefore
has not be repeated within this Operational Addendum.

The application of the HSE MS during the drilling of the proposed Toroa exploration well will
ensure that BHP Billiton’s Sustainability Policy Statement and Charter is followed and that the
Company’s responsibilities under all relevant regulations are met.

Environmental Management Plan (EMP)

In order to ensure that appropriate mitigation measures, identified following the EIS process, are
implemented during the planning and drilling of the proposed Toroa exploration well, an
Environmental Management Plan (EMP) has been prepared.

The EMP identifies actions required, assigns responsibilities and sets target dates for completion.
The register will act as a ‘live’ document to track progress through to cessation of drilling
activities. It will provide guidance for the drilling contractor and can also be used by BHPBP(F)C to
monitor contractor performance with regard to environmental issues. Should monitoring indicate
unacceptable environmental performance, the EMP provides a mechanism to initiate remedial
action.

An EMP was previously provided within Section 7.7 of the BHPBP(F)C Offshore Falkland Islands
Exploration Drilling (Licences 028 and 015) EIS. This EMP has been reviewed and revised, where
appropriate, for this Operational Addendum (refer to Table 5.1).
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Table 5.1: Environmental Management Plan

Project Phase & Activities

Aspect / Objective

Management and Mitigation Measures

Responsible Parties

Monitoring

1.0

PRE-ESTABLISHMENT PHASE

1.1. Pre-drilling planning

Accommodation of needs for
environmental monitoring
and liaison with fishing
industries

In order to minimise disruption to the drilling and other users of
the sea:

o Determine the extent of local fishing activities.
e Establish contact with Fisheries Department.

e Verify procedures for notifying local interests (including
tourism industry.

BHPBP(F)C

1.2. Emergency preparedness

Preparation for any
emergency that could result
in an environmental impact

Have the following emergency plans, equipment and personnel
in place to deal with all emergencies:

e Company (or representative) Emergency Response Plan;
e Drilling Contractor Emergency Response Plan;

e Oil Spill Contingency Plan

BHPBP(F)C & Diamond
Offshore

Management Audit

1.3. Permitting & approvals

Compliance with legislative
requirements

Licensing of contractor and pre-notification with FIG.

BHPBP(F)C & Diamond
Offshore

Legal Register

2.0

ESTABLISHMENT PHASE

2.1 Compliance with EMP

Operator and contractor to
commit to adherence to EMP

Establish necessary bridging
documents to BHP Billiton
Petroleum HSEC MS

Ensure that a copy of the approved EMP is on the drill rig and
support vessels during the drilling programme.

Appropriately inform the rig and shipboard personnel of the
purpose and requirements of the EMP.

Ensure correct equipment and personnel are available to meet
the requirements of the EMP.

Operator to commit organisation and contractor to meet the
requirements of the EMP.

BHPBP(F)C & Diamond
Offshore

Audit results

Training records

2.2 Notifying other users

Ensure that other users are
aware of the forthcoming
drilling operation

Liaise with Fisheries Department at FIG, local fisheries interests,
tourism industry, as well as the British Military.

Issue Radio Navigation Warnings and Notices to Mariners as

BHPBP(F)C & Diamond
Offshore

Records of
communications

Copies of notices issued
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Project Phase & Activities Aspect / Objective Management and Mitigation Measures Responsible Parties Monitoring
appropriate.

3.0 OPERATIONAL PHASE
3.1 Use of Resources
Adherence to EMP Fuel consumption e Extensive planning to ensure that no strains are placed on | Party Chief Record of fuel used.
current capacities.
Implementation of mitigation | Drilling muds * Appropriate and well-maintained equipment. Chief Mechanic Maintenance records
measures e Accurate monitoring and recording of consumption figures.
Sea water abstraction * Minimisation of water use. Appropriate use of water Drilling Manager External HSE audits
resources.
Project Manager Internal HSE audits
Incident reporting
3.2 Emissions to water
Grey water discharge e Materials handling, operating and maintenance procedure. |Party Chief Oil record log
e Strict bunkering procedures to be implemented and
Sewage discharge monitored. Chief Mechanic Maintenance records
e No contaminated and/or solid wastes to be discharged
overboard.
Food waste . . . Drilling Manager External HSE audits
e Suitable contained storage of hydrocarbons and chemicals.
e No release of chemical spills on deck overboard.
OWS discharge Project Manager Internal HSE audits
e Contaminated water directed to the oil water separator

(OWS).

Cooling water ¢ Implement suitable waste segregation and storage. Incident reporting

e Biodegradable cleaning agents used wherever possible.
Deck drainage e Utilise IMO compliant sewage treatment plant. Survey Report
224
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Project Phase & Activities

Aspect / Objective

Management and Mitigation Measures

Responsible Parties

Monitoring

Qil/chemical spills

No discharge of ‘high risk’ ballast water in Falklands’
waters.

Ballast exchange

Fugitive release of waste e Ballast water exchange to take place in open waters. records
e Use of ballast water management plan.
Ballast water exchange
3.3 Emissions to Air
Engine / generator emissions | e Regular maintenance of engines, compressors and |Party Chief Monitor fuel
generators. consumption.
Incinerator emissions Internal ‘housekeeping audits’ to check for leaks and spills Chief Mechanic
e Use of non ozone depleting fire fighting foam. Maintenance records
Fugitive emissions . _Bat_ch proce.ssmg .waste. to minimise oper.atlonal time of Drilling Manager
incinerator, if one is available onboard the rig. Garbage record log
e Incineration of non-hazardous combustible waste only.
Fire fighting chemicals Project Manager
e Using designated personnel to carry out incineration. Incinerator records
e Reduction of waste at source.
e Recycling of waste where possible. External HSE audits
Internal HSE audits
Chemical inventory
3.4 Waste disposal

Onshore burial of waste

Onshore incineration of

waste

Reduction of waste production and recycling of materials
where possible.

No onshore disposal of hazardous wastes to landfill in the
Falkland Islands.

Party Chief

Drilling Manager

Garbage record log

Waste
transmittals

disposal
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Correct segregation and appropriate containment of wastes

prior to disposal.
Removing metal and hazardous wastes to appropriate

disposal facilities.

Responsible Parties

Project Manager

Rev: 02

Monitoring

Survey Final Report

Toroa Exploration Well (Licence PL015)
Aspect / Objective

Containment/netting of skips to prevent fugitive release

5-5

Project Phase & Activities
(]
L[]
during transport.
e Where onshore incineration in an approved incinerator is a
viable option, emissions abatement equipment should be
used where available.
e Proper disposal of ashes.
e Correct segregation of wastes prior to disposal.
e Disposal of waste at approved sites.
3.5 Underwater sound
Engine and propeller noise e Regular maintenance of vehicles and equipment. Party Chief Maintenance records
e Selection of appropriate drilling equipment and materials.
Drilling equipment Chief Surveyor Internal HSE audits
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Project Phase & Activities Aspect / Objective Management and Mitigation Measures Responsible Parties Monitoring
3.6 Physical Impacts
Vessel presence Use of water based bentonite mud. Party Chief External HSE audits
Advanced consultation with FIG, Fisheries and the
Emergency anchoring British Military. Chief Surveyor Internal HSE audits
Reasonable efforts made to retrieve lost equipment.
Lost equipment Client Representative Incident reporting
HSE Statistics
Drilling Final Report
4.0 POST-DRILLING PHASE
4.1 Post-drilling area Leave drilling area in an|Ensure that all deployed equipment is retrieved. Diamond Offshore Equipment logs
acceptable state .
Incident reports
4.2 Inform relevant | Ensure that relevant parties | Inform the FIG of the drill completion. BHPBP(F)C & Survey|Records of
parties of drill completion are aware that drilling work Contractors communications
is complete
4.3 Final waste disposal | Minimise pollution and | Refer to Operational Aspects above. BHPBP(F)C & Survey|Garbage book
ensure correct disposal of Contractors
Waste transfer notes
waste
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6

Conclusions

This EIS Operation Addendum makes a thorough assessment of the potential impacts that may
arise from drilling the proposed Toroa exploration well offshore the Falkland Islands. It has
assessed seasonal sensitivities within the vicinity of the well during the proposed drilling period
(April to June) with reference to the previously submitted BHPBP(F)C Offshore Falkland Islands
Exploration Drilling (Licences 028 and 015) EIS.

The Addendum has also re-assessed the potential impacts from the proposed drilling campaign in
light of the seasonal sensitivities and the further detailed project information, which is now
available. Mitigation measures have been proposed for all potential impacts with extra attention
given to those deemed to be of high to medium significance, in particular waste management and
the accidental loss of containment. This will allow operations to proceed without any significant
long lasting impacts to the marine or coastal environment of the Falkland Islands.

In conclusion, given the current operational commitments and proposed mitigation measures as
detailed in Sections 4 and 5 of this Addendum, it is considered that the proposed Toroa drilling
campaign can be undertaken without significant impacts to the Falkland Islands’ environment.
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