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Fisheries Department 

PSV Platform Support Vessel 

FIMBAr 
Falkland Islands Marine Biodiversity 
Archive 

ROV Remotely Operated Vehicle 

FIPASS 
Falklands Interim Port and Storage 
System 

SAERI 
South Atlantic Environmental Research 
Institute 

FMCF Falkland/Malvinas Current Front SAR IPPC Second Assessment Report 1995 

FOCZ Falklands Outer Conservation Zone SAST Seabirds at Sea Team 

FOGL Falklands Oil and Gas Limited SASW Sub-Antarctic surface waters 

FOSA 
Falklands Offshore Sharing 
Agreement 

SD Standard Deviation 

FPB Falkland Plateau Basin SDS Safety Data Sheet 

FPV Fisheries Patrol Vessel SEOS South-eastern Outer Shelf 

FWL Free Water Level SEP Stakeholder Engagement Plan 

GDP Gross Domestic Product SF Southern Front 

GIIP Good International Industry Practise SFB South Falkland Basin 

GIS Geographic Imaging System SLMC Sea Lion Main Complex 

GOC Gas-Oil Contact SMSG Shallow Marine Surveys Group 

GOR Gas:Oil Ratio SS Southern Slope 

GWP Global Warming Potential TD Total Depth 

H2S Hydrogen Sulphide TDF Temporary Dock Facility 

HMP Harbour Management Plan TDS Tourism Development Strategy 

HOCNS 
Harmonised Offshore Chemical 
Notification Scheme 

THC Total Hydrocarbon Concentration 

HSES 
Health, Safety, Environment and 
Security  

TOC Total Organic Carbon 

HVAC 
Heating, Ventilation and Air 
Conditioning 

TOM Total Organic Matter 

IBA Important Bird Area TVDSS True Vertical Depth Sub-Sea 

IFC International Finance Corporation  TZ Transition Zone 

IMO International Maritime Organisation UKOOA UK Offshore Operators Association  

IPA Important Bird Area VMS Vessel Monitoring System 

IPA Important Plant Area VSP Vertical Seismic Profile 

IPCC 
Intergovernmental Panel on Climate 
Change  

VU Vulnerable 

IS Inner Shelf WBG World Bank Group 

IUCN 
International Union for Conservation 
of Nature 

WBM Water Based Mud 

JNCC 
Joint Nature Conservation 
Committee 

WIF Western Inshore Front 

KCl Potassium Chloride WMPA Waste Management Plan 

KEMH King Edward Memorial Hospital WOF Western Offshore Front 

km Kilometre WRP Wildlife Response Plan 

KPI Key Performance Indicator Zn Zinc 

LC Least Concern ɛm Micrometre 
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Glossary 

Abbreviation Definition 

bbls One barrel of oil, equal to 159 litres of oil. 

Benthic fauna Organisms that live on, associated with, or in the seabed sediments. 

Bentho-pelagic Species that feed both within the water column and near the seabed 

Biogenic Produced by a living organism. 

Block Division of the FICZ/FOCZ into units. Block is a sub-division of a Quadrant. There are 30 
Blocks within one Quadrant. Block 14/05 is the 5

th
 Block in Quadrant 14. 

Brood-guard The period during a birdôs nesting season when the chick is attended, brooded, by one of the 
adult birds.  

Depo-centre An area or site of thickest deposition in a sedimentary basin. 

Ecotone Transitional area between two habitats and communities. 

Endemic Native to or confirmed to a particular region 

Environmental Impact 
Assessment 

Process to identify and assess the impacts associated with a particular activity or plan.  

Equator Principles The Equator Principles is a risk management framework, adopted by financial institutions, for 
determining, assessing and managing environmental and social risk in projects and is 
primarily intended to provide a minimum standard for due diligence to support responsible 
risk decision-making. 

Falkland Plateau 
Basin (FPB) 

Area containing Licence Blocks to the east of the Falklands referred to as East Plateau Basin 
(EPB) in some references.  

Good International 
Industry Practise 

Defined in IFC's Performance Standard 3 on Pollution Prevention and Abatement as the 
exercise of professional skill, diligence, prudence, and foresight that would reasonably be 
expected from skilled and experienced professionals engaged in the same type of 
undertaking under the same or similar circumstances globally or regionally  

Graben Depressed block of land bordered by parallel faults 

International Finance 
Corporation 

IFC is a member of the World Bank Group. It finances and provides advice for private sector 
ventures and projects. 

MMbbls One million barrels of oil 

P50 Reserves Probable reserves for recovery 

Petrogenic Unburned petroleum products 

Photic Zone The upper water column, which received enough light for photosynthesis to occur. 

Physico-chemical Parameters such as temperature, nutrients or chemicals. 

Post-guard During brooding period whilst adults feeding older chicks. Adult does not remain on nest 
during the daytime. 

Pyrogenic Produced under conditions involving intense heat 

STOIIP Stock-tank oil initially in place, the volume of oil in a reservoir prior to production. 

Syncline Downward fold of stratified rock in which the strata slope towards a vertical axis 

Trophic Relates to feeding. 

World Bank Group The World Bank Group is a family of five international organisations that make leveraged 
loans to developing countries. 
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1.0 Non-technical Summary 

1.1 Introduction 

This Environmental Impact Statement (EIS) presents the findings of the Environmental Impact 
Assessment (EIA) conducted by Noble Energy Falklands Limited (NEFL), a subsidiary of Noble 
Energy Incorporated, for the Rhea-1 exploration well operation in the North Falkland Basin (NFB). 

1.2 Project description 

NEFL is planning to drill one exploration well in the North Falkland Basin within Licence Block 
PL001 (Figure 1).  The purpose of the drilling campaign is to evaluate an exploration target in the 
NFB that was identified during seismic processing.  The well location is named Rhea-1 and will be 
drilled during the joint NEFL and Premier Oil 2015 exploration drilling campaign. 

The exploration well will be drilled from the Eirik Raude drilling rig, which will be in Falkland Islands 
waters to conduct the joint 240 day drilling campaign shared by NEFL and Premier Oil. An outline 
of the intended schedule is given below (Table 1) although this might be subject to change, 
dependent on final planning stages between NEFL and Premier Oil, and operations. NEFL will 
liaise with the Fisheries Department throughout the drilling programme and will notify the 
Department of rig moves and the new rig location in advance of the move. 

Table 1: Summary of proposed exploration drilling activities 

Activity Operator Start Date Duration 

Rig transits from West Africa and arrives 
in Falkland Island Waters 

Premier Oil 

01 February 2015 Approximately 38 days 

Drill and abandon Zebedee well 
06 March 2015 Approximately 30 days 

Rig move to next well location 

Drill and abandon Isobel Deep well 
08 April 2015 Approximately 30 days 

Rig move to next well location 

Spud Chatham well 24 April 2015 4 days 

Spud Jayne East well 27 April 2015 7 days 

Return to Isobel Deep well 03 May 2015 2.5 weeks 

Rig move to NEFL location 
NEFL  May-June 2015 Approximately 60 days 

Drill and abandon Humpback-1 well 

Rig move to Jayne East well location 

Premier Oil 

July 2015 Approximately 30 days 
Drill and abandon Jayne East well 

Rig move to Chatham well location 
August 2015 Approximately 30 days 

Drill and abandon Chatham well 

Rig move to NEFL location 
NEFL 

August / 
September 2015 

Approximately 38 days 
Drill and abandon Rhea-1 well 

Rig transits from Falkland Island Waters to West Africa November 2015 

 

The Eirik Raude is a semi-submersible rig, which will be supported by two rig supply vessels 
operating from a shore base in Stanley. The recently constructed Temporary Dock Facility (TDF) 
will be used for all cargo transfers but refuelling will be undertaken at Falklands Interim Port and 
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Storage System (FIPASS). A 500 m exclusion zone will be established around the rig whilst on 
location at each well site, which will be continually monitored by an Emergency Response and 
Rescue Vessel (ERRV).  

The exploration well will be drilled in four sections, bore diameter decreases with increasing depth: 
42ǌ diameter top section, 26ǌ diameter section for surface casing, 17 ½ǌ diameter intermediate 
section and a 12 ¼ǌ diameter objective section. The well will be drilled to a specified total depth 
using water based muds. Drill cuttings and muds from the top two well sections will be discharged 
to the seabed and those from the third and fourth sections discharged at the sea surface. A 
Vertical Seismic Profile (VSP) of the well will validate the geology at the site. On completion, the 
well will be plugged and abandoned.          

1.3 Environmental Management 

NEFL will conduct the Rhea-1 exploration well operation in a manner that is consistent with the 
Noble Energy Inc. Environment, Health and Safety Policy. The policy acknowledges Nobleôs EHS 
responsibilities in relation to its business activities and states Nobleôs intention to conduct its 
business in a manner which safeguards people, the environment and surrounding communities.   

NEFL implements the EHS policy through the Noble Energy Global Environment, Health and 
Safety, Management System (hereafter referred to as the GMS). The GMS interfaces with relevant 
contractor management systems via development of contractor bridging documents. 

The monitoring and mitigation measures identified during this EIA process will be incorporated into 
license conditions issued by FIG post-approval. To ensure compliance with all commitments made 
in the EIS, a project specific Environmental Management Plan (EMP; NEFL, 2015a) will be 
developed by NEFL in conjunction with the drilling rig contractor and other key contractors. Where 
necessary, additional management plans will be developed to ensure best environmental practice 
throughout the Rhea-1 well operation. 
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Figure 1: Licence Block Location and the Rhea-1 Exploration Well Location 

 



 2015 Rhea-1 Exploration Well Environmental Impact Statement 
  Document No: 024-15-EHSR-EIS-PA-T4 

Revision 2.0, 7
th
 May 2  Page 19 of 449 

1.4 Environmental Baseline Description 

1.4.1 Physical Environment 

The Rhea-1 exploration well site is located in the NFB, approximately 250 km north of the Falkland 
Islands, 925 km northeast of Cape Horn and 500 km from the nearest point on the South American 
mainland (Figure 2). The well site is located in waters approximately 470 m in depth.  

 

Figure 2: The location of the Rhea-1 well site in relation to the Falkland Islands, fisheries 
conservation zones and the South American mainland 
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Oceanography 

The oceanography of the region is dominated by the influence of the Falkland Current, a northward 
flowing offshoot of the Antarctic Circumpolar Current. The Falkland Current splits into two 
branches, one passes to the east and the other to the west of the Islands. A number of 
oceanographic fronts exist on the Falkland Islands continental shelf, primarily in areas to the south 
and east of the Falkland Islands. Few have been identified on the northern shelf in the vicinity of 
the Rhea-1 well site. 

Previous survey data 

In 2012, Premier Oil and their partner, Rockhopper Exploration, conducted an area wide 
environmental baseline survey of the Sea Lion Field component of the northern Licence Blocks 
(PL032) in the NFB to determine the physical, chemical and biological character of the 
environment in support of future development of the area. The survey consisted of 54 stations 
spaced at approximately two km intervals. In addition to the area wide survey, specific well site 
surveys comprising 6-8 stations each were conducted for five historic well sites drilled in Quadrant 
14 (Figure 2) in the NFB. 

Several other environmental surveys have been conducted in the vicinity of the Drilling Campaign 
Area and further afield on the Falklands continental shelf and deeper oceanic waters to the 
southeast of the Islands, which provide background and contextual data for comparison with the 
Sea Lion area.  

1.4.2 Biological Environment 

Plankton 

The Falkland Current brings nutrient rich waters to the southern Patagonian Shelf and creates an 
area of very high zooplankton productivity immediately to the north of the Islands on the shelf 
break (approximately 70-90 km south of the Rhea-1 well site). The waters to the north of the 
Falkland Islands thus support complex communities of zooplankton, which in turn support complex 
pelagic and demersal ecosystems. 

The waters to the north of the Falkland Islands are characterized by seasonally high diatom 
abundance and zooplankton that is dominated by the amphipod Themisto gaudichaudii and 
gelatinous salps and comb jellies. 

Benthic ecology 

Drilling activity has a direct effect on the benthic ecology through physical disturbance and 
chemical discharges, both associated with cuttings discharge. A number of pre- and post-drilling 
surveys have been undertaken in association with previous campaigns. The Rhea-1 well site has 
not previously been surveyed but a visual ROV survey will be completed before well drilling 
commences and repeated once the well is abandoned. Sediment and fauna samples will be 
collected for later analysis during the ROV survey. Overall, the general taxonomic assemblage 
found across all these surveys is very similar, with polychaetes and crustaceans being the two 
most abundant groups present, followed by molluscs.  

The community throughout the NFB areas surveyed, both pre- and post-drilling, is that of a typical 
silt/mud benthic environment, and also appears to be undisturbed and unpolluted. To date, drilling 
activities appear to have had no effect on the benthic community within the historic drilling areas.  

Benthic surveys conducted approximately 65 km south of the Rhea-1 well identified areas slightly 
different in character, to sites surveyed in the vicinity (20 km) of the Rhea-1 well, due to the 
influence of ancient iceberg groundings, from the Pleistocene or older. Some hard corals were 
present in the soft sediment and isolated octocorals were found in association with glacial erratic 
rocks on the seabed.       
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Fish and squid  

The productive waters surrounding the Falklands are important feeding grounds for a number of 
species of fish and squid, some of which are commercially exploited. The area of Rhea-1 
exploration drilling lies between the productive finfish trawl fishery on the edge of the Falklands 
Continental Shelf (200 m water depth) and the Patagonian toothfish (Dissostichus eleginoides) 
longline fishing grounds in deeper water of the Continental Slope (>600 m). The largest fishery in 
Falkland Islands waters targets Argentine shortfin squid (Illex argentinus), which are seasonally 
present within Falklands waters, between February and June. This species seasonally passes near 
and through the NFB, depending on environmental conditions, but is not present during the 
proposed Rhea-1 drilling period.     

Marine mammals 

Marine mammals comprise cetaceans (whales and dolphins) and pinnipeds (seals and sea lions). 
Confirmed sightings and stranding records indicate that 25 species of cetacean occur within 
Falkland Islands waters. Many of these species are rare and inconspicuous, some are only known 
from stranded animals. Of the 25 species listed, two species are listed as óEndangeredô on the 
International Union for the Conservation of Nature (IUCN) Red List. These are the fin 
(Balaenoptera physalus) and sei whales (B. borealis). One species, the sperm whale (Physeter 
macrocephalus), is listed by the IUCN as óVulnerableô. 

Three species of pinniped breed on the Islands and a number of other species have been recorded 
as visitors or vagrants.  

A number of visual and acoustic surveys have been conducted in Falkland waters in recent years, 
which provide a brief glimpse into the lives of these animals. However, like elsewhere in the world, 
the distribution of marine mammals within Falklandsô waters is poorly understood.     

Seabirds 

Internationally important populations of seabirds breed on the Falkland Islands and feed in the 
productive waters that surround the Islands. Over 70% of the global population of black-browed 
albatross (Thalassarche melanophris), 39% of the global population of gentoo penguins 
(Pygoscelis papua) and 36% of the global population of rockhopper penguins (Eudyptes 
chrysocome) all breed on the Islands. Of the species of seabird recorded in the NFB the Atlantic 
petrel (Pterodroma incerta), grey-headed albatross (Thalassarche chrysostoma) and northern royal 
albatross (Diomedea sanfordi) are listed as óEndangeredô on the IUCN Red List, and the white-
chinned petrel (Procellaria aequinoctialis), southern royal albatross (Diomedea epomophora) and 
the wandering albatross (D. exulans) are listed as óVulnerableô. 

Numerous studies have been conducted over the past 20 years, which give an indication of the 
seasonal distribution patterns of seabirds around the Falklands. However, much is still to be 
learned and studies into seabird ecology are ongoing.   

Protected areas 

The Falklands Conservation Zones are managed sustainably and afford a level of protection to 
seabirds, marine mammals and other marine species. This is achieved through measures such as; 
closed areas, catch limits and seabird bycatch mitigation measures. However, there are no 
designated marine protected areas in Falkland Islands waters. Several candidate marine Important 
Bird Areas (IBA) have been proposed but have not been accepted due to insufficient tracking data. 
On land however, a number of IBAs have been designated on account of the breeding seabird 
populations that they support. Additionally, a network of National Nature Reserves (NNR) and 
Important Plant Areas (IPA) protect many of the most important seabird breeding sites and areas 
supporting native flora.   
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Socio-economic environment 

The Falkland Islands is one of 14 British Overseas Territories. Supreme authority is vested in HM 
The Queen and exercised by the Governor of the Falkland Islands on her behalf, with advice and 
assistance from the Executive Council and Legislative Assembly.  

The Falkland Islands were first inhabited in 1764, and the current permanent population of the 
Islands stands at 2,931. The majority of the Falkland Islands population (74.7%) live in the capital 
Stanley, which is the only town on the Islands and is situated on East Falkland. Outside Stanley, in 
what is referred to as Camp; there are a number of smaller settlements. According to the 2012 
Falkland Census, the total population of Camp represents about 12% of the total resident 
population of the Falkland Islands. The remainder are civilians working at the military base at 
Mount Pleasant Complex (MPC).  

Prior to the mid-1980s, the Falkland Islandsô economy was almost completely based on agriculture, 
mainly sheep farming and the export of wool for income. Following the establishment of the 
Falklands Interim Conservation Zone in 1986 for fishery purposes, and creation of a 200 nautical 
mile Exclusive Economic Zone (EEZ) in 1990, the bulk economic activity shifted to the sale of 
fishing licences to foreign fleets operating within Falklandsô waters. The income from these licence 
fees fluctuates, but currently makes between 50-60% of the Governmentôs revenue.  

Falkland Islands fisheries 

The two most important fisheries within the Falklands EEZ are the jig fishery for Argentine shortfin 
squid and the trawl fishery for Patagonian long-finned squid (Doryteuthis gahi), which accounted 
for 54% and 15% of the 2013 catch by weight respectively. There is also a fleet of trawlers that 
operate over the Falklands continental shelf that target a range of finfish species. Currently, the 
only other fishery in the Falklands EEZ is the longline fishery for Patagonian toothfish, which 
operates in the deeper waters.     

Marine archaeology  

The UK Hydrographic Office Wrecksite database indicates that there are 177 wrecks recorded 
within Falkland Islands waters, with records dating from the 1800ôs to present day.  There are nine 
recorded wrecks within 100 nautical miles of the proposed drilling site; the two closest of these 
wrecks are located approximately 40 nautical miles from the Rhea-1 well site. 

1.5 Scoping Consultation Summary 

NEFL conducted an EIA scoping exercise in September 2013 to raise awareness of its 2015 
exploration drilling campaign and to invite comment on the proposed programme and associated 
activities. A similar exercise was carried out by Premier Oil Exploration and Production Limited 
(Premier) in July 2014. Initial consultation meetings were held with the Department of Mineral 
Resources (DMR), statutory consultees and other interested parties. 

This phase of consultation provided stakeholders with an opportunity to enter into a discussion 
about the proposed project so that any issues and concerns could be identified at an early stage 
and be considered within the scope of the EIA.  

Areas of concern raised during the consultation meetings can be broadly summarised in the 
following categories: 

¶ Generation of artificial light to attract seabirds resulting in potential collision risk or mortality 
if in relation to flaring; 

¶ Assessment required for drilling mud and drill cuttings discharges; 

¶ Supply vessels associated with the campaign could cause overcrowding in Stanley 
Harbour; 

¶ Noise generated from helicopter transits between Stanley and the rig could disturb sensitive 
seabird colonies underneath the flight path; 

¶ Potential for vessels from outside the Falkland Islands to carry marine invasive species; 
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¶ The drilling campaign will increase demand for local accommodation and could lead to 
shortages in availability for visitors; 

¶ Waste management is required as there is limited capacity for waste disposal in the 
Falkland Islands;  

¶ Potential opportunities for the charter flight to benefit Falkland Islanders through additional 
passenger and cargo spaces. 

1.6 Impact Assessment Methodology 

The EIA process provides a framework for assessing the environmental consequences of a project 
during the planning stages. The EIA ensures that favourable alternatives may be considered, and 
mitigation measures may be proposed to adjust any impacts to acceptable levels prior to the 
decision on project sanction, or otherwise. 

NEFL conducted this EIA in accordance with Falkland Islands Governmentôs DMR Field 
Developments Environmental Impact Statements Guidance Notes (2012) and Noble Energyôs EHS 
Policy. 

The EIA follows a structured methodology (Figure 3) to systematically identify and assess the 
nature and significance of environmental impacts arising from project activities and risks arising 
from unplanned or accidental events.  Where impacts and risks were assessed to be of a moderate 
or high significance, mitigation measures have been developed to reduce the severity or likelihood 
of the impact or risk. Where confidence in the assessment is compromised by data gaps and/or 
uncertainties, monitoring measures have been identified, where feasible, to provide an early 
indication of whether impacts have exceeded acceptable levels. 

 

Figure 3: Overview of the Environmental Impact Assessment Process 

The project activities that the environmental impact and risk assessment process identified as 
requiring further consideration in the EIA are: 

¶ Generation of underwater noise; 

¶ Generation of atmospheric emissions; 

¶ Generation of light offshore, attracting seabirds and marine life; 

¶ Onshore and inshore impacts; 

¶ Generation of waste and waste management; 

¶ Discharge of drilling mud and cuttings; and  
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¶ Potential for accidental events; 
o Significant loss of containment during an uncontrolled release or from rig failure to 

maintain location via dynamic positioning; 
o Loss of rig or vessel resulting from collision. 

1.7 Underwater Noise Assessment 

The properties of sound in water are used by many marine animals to communicate, find food and 
navigate. Anthropogenic sounds have the potential to interfere directly and/or indirectly with these 
processes and, in extreme cases, have the potential to cause temporary or permanent hearing loss 
and physical injury. 

Activity during the Rhea-1 drilling operations involving vessels and rig movements will generate 
underwater sound. The intensity of the sound produced varies between vessels according to 
engine/thruster size and activity. The loudest continuous sounds will be produced by the Dynamic 
Positioning (DP) thrusters used to maintain the position of the rig and supply vessels.  

Other sources of sound include drilling operations and Vertical Seismic Profiling (VSP). A VSP 
uses an airgun to create a sound impulse that is used to verify the geology of the well and is the 
most intense sound source associated with the drilling campaign. A VSP will be conducted on each 
well and will last for 12-15 hours.  

Some species of fish, squid and planktonic organisms are sensitive to intense sound, however, the 
impact on these species is regarded as insignificant and the assessment focused on the impact on 
marine mammals, which are generally considered to be of greatest conservation concern in 
relation to underwater noise.   

There is still much to learn regarding the seasonal distribution of marine mammals within Falklands 
waters and ónewô species to the area are still being discovered (for example false killer whale was 
recorded for the first time in 2013). Visual and acoustic surveys indicate that a number of species 
of marine mammal; including baleen whales such as the IUCN Endangered sei and fin whales, are 
present in the NFB throughout the year. However, the number of animals present is generally 
highest during the summer months. The hearing range of baleen whales is believed to be most 
sensitive to low frequencies (<1 kHz, reflecting their vocal range), which overlaps with the sound 
generated by vessels and airguns. Therefore, due to their conservation status and hearing range, 
baleen whales were assessed to be the most sensitive environmental receptor to anthropogenic 
sound. Other species of cetacean are most sensitive to higher frequencies (20-40 kHz). Although 
there will be some anthropogenic sounds produced in this frequency range the intensity of the 
sound is lower and therefore the potential impact is also lower. Potential impacts upon baleen 
whales represent the worst-case scenario and are therefore the focus of this assessment.               

Sound levels for the various anthropogenic sound sources were obtained from the literature and 
the sound attenuation was calculated to indicate sound levels at increasing distances from the 
source. These values were compared with the hearing sensitivity of marine mammals to assess 
whether potential direct or indirect impacts such as disturbance, avoidance behaviours or potential 
trauma could be experienced by an animal exposed to sound at this level.  

Due to a lack of data for baleen whales, the hearing sensitivity used was generic and represented 
a worst-case scenario (based on the minimum hearing sensitivities of a range of marine species). 
The only sound source with the potential to cause trauma (temporary or permanent hearing loss) 
was the VSP airgun. It is assessed that animals within 100 m of the airgun could suffer trauma. All 
other vessel sources of sound were assessed to elicit a range of responses, from strong avoidance 
at close range to disturbance at moderate range (within 1,000 m for large vessels).  

The conservation status of the most vulnerable receptors (fin and sei whales) which represent the 
worst-case make the overall sensitivity of the receptor óHighô and the severity of noise from VSP 
airguns óModerateô. Therefore the VSP was assessed as being of óModerateô significance. Marine 
mammals are known to react to approaching vessels, which causes avoidance behaviour and 
disturbance, the severity of disturbance from vessels was assessed as óMinorô. Overall, the 
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significance of vessel traffic for the most sensitive receptors was assessed as óModerateô. With the 
available data, the level of confidence in the impact predictions (in terms of the nature of the impact 
and its level of significance) is considered to be óProbableô and the data gaps are not considered 
to have the potential to significantly change the outcome of the assessment. 

The major difference between these sources of sound is the duration of the output. Engine noise is 
constant and will increase, or decrease, gradually, which enables marine mammals to move away 
from excessively loud sounds. However, VSP airguns are pulsed sounds and therefore a marine 
mammal could be exposed to a sudden intense sound that has the potential to result in hearing 
loss.      

In an attempt to reduce the potential impact on marine mammals, a dedicated marine mammal 
observer (MMO) will be deployed during VSP operations. Observations will be conducted for 60 
minutes prior to the start of airgun discharges to ensure the area within a 500 m radius of the rig is 
clear of marine mammals. Soft-start procedures (a slow increase in sound intensity) will commence 
once the area is confirmed clear of marine mammals.    

1.8 Atmospheric Emissions 

Activities associated with the Rhea-1 well operation will generate atmospheric emissions as a 
result of power generation, transportation of crew and cargo.   

The main sources and potential sources of emissions generated by the operations and activities 
during the exploration drilling operation will be: 

¶ Drilling rig transit to well location and maintaining position during drilling operations; 

¶ Power generation during drilling operations (e.g. use of gas turbines, diesel engines, 
generators); 

¶ OSV/PSV transporting materials and equipment to and from the rig; 

¶ ERRV providing support to the drilling rig in the field throughout the operation; 

¶ Coaster vessels delivering cargo to and from the UK; 

¶ Transportation associated with crew change, including charter flights to and from the UK, 
minibus transfer from MPC to Stanley and helicopter flights between Stanley and the rig;  

¶ Power generation for non-operational activities e.g. in accommodation block; 

¶ Refrigeration, heating, ventilation, air conditioning on the rig and vessels i.e. use of ozone 
depleting substances (ODS) and fluorinated gases (F-Gas); and 

¶ Operation of the onshore supply base. 

Combustion of fuels and the use of ODS and F-Gases during the above activities all have the 
potential to impact upon the global and regional atmosphere and/or the marine environment. 

The products of combustion of each fuel type are known and therefore it is possible to calculate the 
total project emissions. The quantities of fuel used in each phase of the well operation were 
estimated from projected activity and known fuel consumption rates. Standard emissions factors 
were used to calculate the quantities of each gas produced.  

Atmospheric emissions contribute to global warming, ozone depletion and ocean acidification. The 
impact on regional air quality is also considered.  

Global warming 

Greenhouse gas emissions are governed by the legally binding international treaty known as the 
Kyoto Protocol, which came into force in 2005. Gases that cause global warming are referred to as 
greenhouse gases because they absorb and effectively trap heat within the Earthôs atmosphere. 
The six main Kyoto greenhouse gases relevant to the oil and gas industry are: Carbon Dioxide 
(CO2), Methane (CH4) and Nitrous Oxide (N2O) and the three F-Gases, Sulphur Hexafluoride 
(SF6), Hydrofluorocarbons (HFCs) and Perfluorocarbons (PFCs). To account for the varying 
efficiency of different greenhouse gases in warming the Earth, the Global Warming Potential 
(GWP) is applied to the atmospheric emissions to calculate the CO2 equivalent. 
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In order to put the emissions from the drilling operation into context, the emissions were compared 
with those of the UK. Although overall emission figures are available for the Falklands, the lack of 
major industries in the Islands makes the comparison inappropriate. In this context, the total 
emissions generated from the Rhea-1 well operation would represent 0.01% of total UK emissions, 
or 23% of declared Falkland Islands emissions. The quantity of greenhouse gases resulting from 
the operation is relatively low in comparison to similar exploration and oil and gas activity in the 
rest of the world; the operation is of a short duration (38 days) and the emissions in isolation would 
have a barely detectable effect.  

Ozone depletion 

Another global issue related to atmospheric emissions is ozone depletion. Ozone in the upper 
atmosphere (stratosphere ï 15-25 miles above the Earthôs surface) intercepts much of the harmful 
ultraviolet (UV) light produced by the sun.  Ozone depleting substances (ODS) contribute to the 
breakdown of ozone into oxygen in the upper atmosphere, and consequently allow these harmful 
rays to pass through the Earthôs atmosphere.  It is suspected that a variety of biological 
consequences such as increases in skin cancer, cataracts, damage to plants, and reduction of 
plankton populations in the oceansô photic zone may result from the increased UV exposure due to 
ozone depletion.    

ODS (e.g. the man-made chlorofluorocarbons (CFCôs), hydrochlorofluorocarbons (HCFCôs) and 
Halon) were commonly used in oil and gas exploration and production activities in refrigerants, 
solvents, foam blowing agents, high voltage switch gear, heating, ventilation, air conditioning 
(HVAC) and firefighting fluids. Under the Montreal Protocol (and the aligned MARPOL 73/78 Annex 
VI), the use of ODSôs is being phased out. The phase-out of most ODSôs is now complete. 
Notwithstanding critical use exemptions where applicable, the use of virgin and reclaimed/recycled 
Halon and CFCôs in new equipment and during maintenance is now prohibited. The use of new 
HCFCôs is prohibited and the use of reclaimed/recycled HCFCôs must be phased out by 1st January 
2020. 

The only ozone depleting substance used on the Eirik Raude is HCFC in hermetically sealed 
domestic appliances (e.g. refrigerators) with an inventory <3kg. In accordance with the Montreal 
protocol and MARPOL Annex VI, no HCFC will be released to the environment during drilling 
operations as the relevant systems are contained and fully operational.  

NEFL has audited the Eirik Raude and was provided with sufficient evidence that all international 
standards and controls with regard to the use of ODS are sufficient.  

Ocean acidification 

Along with the impact of CO2 as a greenhouse gas, it is also responsible for ocean acidification. As 
CO2 is absorbed from the atmosphere by direct air-sea exchange it dissolves in the oceans to form 
carbonic acid (H2CO3), which leads to ocean acidification. One well-known effect of ocean 
acidification is the lowering of calcium carbonate saturation states, which impacts shell-forming 
marine organisms from plankton to benthic molluscs, echinoderms, and corals (Doney et al, 2009).  

The principal combustion product of the proposed well operation is CO2, which is directly related to 
the rate of ocean acidification.  The amount of CO2 generated as a result of the proposed drilling 
operation is finite and very low in relation to overall UK emissions and would therefore have a 
negligible effect on the oceansô pH. 

Regional air quality 

At the local, regional and transboundary levels, gaseous emissions may impact air quality. Key 
issues include the formation of acid rain from oxides of sulphur (SOX) and nitrogen (NOX), direct 
impacts on human health from particulate matter (formed by chemical reactions involving pre-
cursor gases NOX, SOX, and volatile organic compounds (VOCs)) (EEA, 2012). 

The primary contributors to atmospheric emissions come from rig and vessel movement and 
operation, and return charter flights to the UK. These activities will either take place in the offshore 
environment over 200 km from the nearest land or along the flight path from the UK to the Falkland 
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Islands. Any impacts to the local air quality from offshore operations are considered to be minimal, 
and would only have a very low level and short-term effect on local air and marine life with no 
expected effects on the population of the Falkland Islands. 

Environmental Impacts 

The quantity of emissions generated during the Rhea-1 well operation is expected to have a 
óSlightô effect to the environmental receptors, which in the context of global emissions have a 
óLowô sensitivity.  Consequently the overall significance has been assessed as óVery Lowô.  These 
activities will contribute a very small incremental effect to global atmospheric emissions.  The 
activity has been well defined, the sensitivity of the receptor and nature of the impacts are well 
understood and hence the impact predictions are considered to be of óCertainô degree of 
confidence. 

1.9 Generation of Artificial Light Offshore 

Artificial light can affect the natural behaviour of animals leading to attraction and disorientation.  
This behaviour can be exploited to catch squid, as seen in the large fleet of jiggers that operate in 
Falklands waters. Seabirds have evolved in what is essentially a dark night-time environment. 
However, they do use naturally occurring sources of light, such as the moon, stars and 
bioluminescence to navigate and find food. It has long been known that seabirds are attracted to 
artificial lights at-sea, which can lead to birds colliding with vessels. When large numbers of birds 
are involved, this is known as a bird strike. Birds can suffer injury or die directly from a collision. 
Where they survive, their feathers frequently come into contact with oil or grease on the deck, 
which results in a loss of waterproofing and a subsequent risk of hypothermia.   

Offshore operations associated with the Rhea-1 drilling operations will introduce several sources of 
artificial light into the offshore waters of the NFB, including OSV/PSVs, the ERRV and the drilling 
rig. Drilling, and other rig activities, will operate for 24 hours a day and to do this safely, all working 
areas will have to be well illuminated. Sources of light on the vessels will include navigational 
lights, illuminated living spaces within the ships and rig and floodlighting to provide a safe working 
environment on the decks of ships and rig.   

Recorded bird strike events indicate that the most vulnerable species are small nocturnally active 
petrels and shearwaters. The abundance of these birds within the NFB varies seasonally, with 
highest numbers encountered during the summer months. Plankton, fish and squid may also be 
attracted to artificial light but there is no apparent negative impact on these animals.  

Bird strikes occur sporadically and are associated with: light use, seabird abundance and current 
weather conditions. Although birds can become disorientated at any time, large bird strikes tend to 
be associated with the use of bright lights in areas containing high densities of birds on nights 
when visibility is poor (due to fog or snow).   

It is not possible to quantify the number of birds at risk from bird strikes caused by artificial lighting 
during the Rhea-1 drilling operations. However, from experience gained on vessels that operate in 
Falkland Islands waters and on oil and gas platforms elsewhere, it is considered likely that some 
bird collisions with vessels at-sea or the rig will occur. Although the species concerned have large 
population sizes (óLowô sensitivity), a collision with a vessel or the rig is likely to result in injury 
and/or death of the individual. However, it is considered that the impact would be barely detectable 
on the size of any speciesô population, as the impact is localised and short-term (óMinorô severity). 
The proportion of the local populations that are at risk is considered to be small, as most of the 
vulnerable species migrate away from Falklands waters in the winter. Overall, the significance of 
the impact of artificial light on seabirds has been assessed as óLowô. The duration of the campaign 
and light sources have been confirmed, and flaring activities will not take place. The nature of the 
impact on the environmental receptor is understood, however, the scale of the potential impact is 
difficult to predict due to its episodic nature. As such, the level of confidence in the impact 
predictions is considered to be óProbableô. 
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Despite the apparently Low impact, some simple measures can be taken to reduce the horizontal 
spread of light, which will further reduce the risk to seabirds. Floodlights can be directed 
downwards and inboard whenever possible and practical, and accommodation should be blacked-
out.  

1.10 Inshore and Onshore Impacts 

1.10.1 Introduction 

Stanley will be the hub through which all cargo and personnel will pass before onward transport to 
the drilling rig. Inshore and onshore impacts cover a range of activities associated with the 
operation of vessels, onshore supply base and TDF. These include:  

¶ Interference to other sea users due to increased vessel traffic in Stanley Harbour; 

¶ Collisions between support or supply vessels and marine mammals; 

¶ Introduction of marine invasive species by support or supply vessels; 

¶ Disturbance to wildlife and the human population onshore from helicopter noise; 

¶ Introduction of terrestrial invasive species with cargo;  

¶ Disturbance to Stanley residents and wildlife from inshore and onshore light and noise 
sources; and 

¶ Demands for accommodation in Stanley. 

Impacts associated with each of these aspects and activities are described below. 

1.10.2 Interference to other sea users due to increased vessel traffic in Stanley Harbour 

Stanley is a working harbour used by fishing vessels, cruise ships and cargo vessels. Space for 
vessel manoeuvres in Stanley Harbour and through the passage into Port William (The Narrows) 
can be tight and there is a history of vessel collisions and groundings within these areas. The joint 
NEFL and Premier Oil 2015 drilling campaign will increase the amount of shipping traffic in the 
Harbour, which has the potential to interfere with other sea users.  

A number of different vessels associated with the Rhea-1 drilling operations will be using Stanley 
Harbour. These include: 

¶ Coaster cargo vessels travelled between Aberdeen (Scotland) and Stanley to deliver all the 
equipment required for the drilling campaign in the early months of 2015. On arrival, 
coasters moored alongside the TDF to facilitate the transfer of cargo. 

¶ The two OSV/PSVs will travel between the drilling rig and Stanley on a five to seven day 
rotation throughout the Rhea-1 exploration drilling campaign. On arrival in Stanley Harbour, 
these vessels will moor alongside the TDF to facilitate the transfer of cargo.   

¶ The rig ERRV vessel will spend the majority of the time offshore, close to the position of the 
rig, however, it will return to Stanley occasionally (on a four-six week basis) to refuel and 
change crew. 

¶ At the end of the joint 2015 campaign, coasters will return to demobilise equipment and 
ship waste back to Aberdeen. 

Disruption to third-party vessels has the potential to impact fishing and cargo operations, which 
could result in a loss of business revenue, due to the additional time and fuel needed to complete 
their activities. The key factor restricting shipping activity in Stanley Harbour is the lack of berth 
space at the Falklands Interim Port and Storage System (FIPASS). At times, demand outstrips 
available space and vessels may have to leave FIPASS and anchor to create space for other 
vessels, or to wait for a berth to become available. Due to the necessity to transfer cargo to and 
from lay-down yards onshore, the oil and gas industry have been heavy users of FIPASS in 
previous drilling campaigns. 

The number of visits to FIPASS by regular users (fishing and cargo vessels etc.) was reasonably 
consistent between 2008 and 2013, however, supply vessel visits varied considerably, reflecting oil 
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and gas exploration activity. Exploration drilling campaigns were on-going throughout most of 
2010, 2011 and into 2012. The necessity to move cargo through FIPASS resulted in a 
considerable increase in demand for this facility. For instance; during 2011, OSV/PSVs accounted 
for over 39% of all vessel visits to FIPASS.  

The TDF was constructed in 2014 to take some of the pressure from the oil and gas industry away 
from FIPASS during the 2015, and future, drilling campaigns. The TDF is situated in an area to the 
east of FIPASS, which is not usually used as an anchorage so the disruption to other users of 
Stanley Harbour, who wish to anchor, will be minimal. On the basis of the localised and short-term 
nature of the impact, the severity of disruption to other users of Stanley Harbour is assessed as 
óMinorô. With the TDF in place, there is moderate capacity to absorb the added pressure on 
FIPASS from the oil and gas industry without significant alterations to present working practices. 
Nonetheless, the TDF has no capacity to refuel vessels and therefore there will be some disruption 
to other users of Stanley Harbour, which may have economic implications. Therefore the sensitivity 
of the receptors involved has been assessed as óModerateô. The overall significance is assessed 
as óModerateô and measures proposed to reduce the impact on other users of Stanley Harbour 
include; 

¶ The appointment of a Marine Superintendent who will liaise with the Harbour Master, 
FIPASS management, Stanley Services and other users, and who will help to keep 
everyone well informed and promote good working relationships; 

¶ The issue of Notes to Mariners to inform all masters of vessels of the presence of a new 
shoreline facility; 

¶ The completion of a navigational risk assessment to inform the preparation of a Stanley 
Harbour Management Plan (HMP). This Plan will be prepared in close collaboration with 
the Harbour Master and cover the following as a minimum: pre-notification protocols 
associated with the entry of vessels in Stanley Harbour; pre-defined passage routes within 
Stanley Harbour; procedures associated with vessel collision and emergency response; 

¶ The use of marine night-time lighting with procedures in place for periods of poor weather. 

1.10.3 Collisions between support or supply vessels and marine mammals 

Elsewhere in the world, collisions between cetaceans and vessels are having a negative impact on 
the populations of Endangered species.   

As discussed in Section 1.10.2, the 2015 drilling campaign will increase the amount of shipping 
traffic over inshore waters close to Stanley. At certain times of the year, large numbers of sei 
whales can be encountered within these waters of the Falkland Islands. As a hub for vessel traffic 
and sei whale activity there is a risk of collisions between vessels and these animals in inshore 
waters close to Stanley. However, the Rhea-1 well will be drilled at a time when large cetacean 
abundance within Falklands waters is at its lowest.   

The sei whale is by far the most numerous species of large whale in the coastal waters near 
Stanley but they are also found throughout the inshore waters of the entire archipelago. 
Anecdotally, there is evidence that the number of sei whales within Falklands waters, has been 
increasing over the past 15 years. However, sufficient survey data to determine a population 
estimate is currently unavailable.  

Sei whales appear to respond to approaching vessels and are relatively fast swimmers, although 
they also tend to swim just below the surface leaving a clear trail of ófluke printsô in their wake. 
There are many records from around the world of collisions between sei whales and vessels, 
collated by the International Whaling Commission. 

The probability of a collision between a cetacean and a vessel is related to the density of shipping 
traffic and cetacean density in the same area. The outcome of the collision is related to the size 
and speed of the vessel. The OSV/PSVs used during drilling operations are 97 m in length and 
travel at about 12 knots. The available data suggests that a cetacean would have in the region of a 
50% chance of surviving a collision with such a vessel.  
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As shipping traffic increases and whale populations begin to recover from the impact of commercial 
whaling, the likelihood of collisions between cetaceans and shipping increases. Currently, this is a 
very much understudied area and research efforts have been focused on protecting óCritically 
Endangeredô species, such as northern right whale.  

The conservation status and life history of large cetaceans mean that any collision that could result 
in mortality would have a moderate short-term impact on the species. For these reasons the 
sensitivity of large cetaceans is assessed as óHighô and severity of collisions between ships and 
cetaceans has been assessed as óModerateô. 

Although the Rhea-1 drilling operations will increase shipping by about 6%, the total number of 
vessel visits to Berkeley Sound and Port William is relatively low (about 1,500 per year) when 
compared with ports elsewhere in the world. While collisions between cetaceans and shipping are 
often unreported or unobserved, the lack of recorded incidents and relatively low density of 
shipping suggest that this is not currently a major issue in the waters around the Falklands. The 
likelihood of a collision has been assessed as óRemoteô.  

The overall significance of collisions between vessels and cetaceans has been assessed as 
óModerateô and measures will be put in place to reduce the risk. Data gaps exist regarding the 
inter-annual variation in density of marine mammals in the Falklands, and it is clear that not all 
incidents of collisions between marine mammals and vessels are reported or even evident to the 
crew of the vessel. For these reasons, confidence in the assessment is óProbableô.  

A number of common sense precautions should be taken to reduce the likeliness of collisions with 
cetaceans; 

¶ Mariners should be made aware of the issue and how it relates to the Falkland Islands (see 
IFAW (2013) leaflet); and 

¶ Along with the usual duties of a watch keeper, additional vigilance is required to detect 
cetaceans in inshore waters. 
 

1.10.4 Introduction of marine invasive species by support or supply vessels 

The IUCN has identified the introduction of non-native species as one of the major threats to native 
biological diversity. Island ecosystems are particularly vulnerable to the introduction of non-native 
species, as animals and plants may have evolved in the absence of competitors, predators or 
disease. If non-native species are introduced, and go on to survive, reproduce and thrive, they 
often have a major impact on native biodiversity and can also have a socio-economic impact. At 
this stage, the introduced species becomes invasive. 

The nature of the impact of an invasive species depends on the species concerned and how it 
interacts with the local environment and species.    

The nature of the marine environment makes it difficult to detect the introduction of non-native 
species before they have become established. Once established, marine invasive species are 
virtually impossible to remove. There are many examples from around the world where invasive 
species are having a dramatic impact. Recent dive surveys in Stanley Harbour have identified 
several invasive species but their impact appears to be minor at present.   

The past history of a vessel and the similarity between the home and destination ports, in terms of 
water temperature and salinity, both influence the likelihood of a non-native species being 
introduced. For instance, vessels that are tied up in port will accumulate more biofouling organisms 
than a vessel that is active offshore. The identities of the vessels involved in the Rhea-1 drilling 
operations are known. Prior to arriving in the Falklands, their last ports of call were and Aberdeen 
or Cape Town.   

In the marine environment, there are two main routes for non-native species introduction;  
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¶ Ballast water ï ballast, in the form of seawater, is used to trim a vessel to improve stability. 
Ballast water will contain planktonic organisms; including larval stages and eggs. When 
ballast water is discharged, these organisms can be introduced to a ónewô environment.  

¶ Biofouling ï is the growth of marine organisms on the subsea surface of a vessel. In 
particular, semi-enclosed areas (such as sea chests) can harbour a diverse assemblage of 
encrusting organisms. 

In recognition of this threat, there are International conventions and International Maritime 
Organisation (IMO) guidelines to prevent the spread of marine invasive species.   

If invasive species were introduced during the drilling operations the impact on the benthic ecology 
of the Islands may not be evident for a number of years. The potential to have an impact on a 
regional scale and therefore the sensitivity of receptors has been assessed as óHighô. The long-
term implications for the Islandsô ecology could be severe and irreversible. The severity of the 
impact will be species specific but following the precautionary principle (worst-case scenario) the 
severity has been assessed as óMajorô.  

There are International conventions regarding ballast water and biofouling management. Although 
the Falklands are currently not signatories, the vessels used during the drilling operations will 
follow the IMOôs best practice guidelines. The IMOôs guidelines on exchanging ballast water and 
managing biofouling organisms will greatly reduce the likelihood of introducing non-native species. 
Introduction of invasive species has happened in the Falklands, and by the industry elsewhere, 
and therefore the likelihood of invasive species becoming established as a result of the Rhea-1 
drilling operations has been assessed as óRemoteô. 

The overall significance of the introduction of invasive species has been assessed as óModerateô 
and measures will be put in place to reduce the significance, including;  

¶ The use of the IMO guidelines during ballast water exchange by the rig, Eirik Raude, which 
will be carrying some ballast water while on passage to the Falklands; 

¶ Completion of a second cleaning and survey of the Eirik Raude by divers prior to departing 
for the Falklands;  

¶ The use of the IMO guidelines during ballast water exchange by all vessels entering 
Falklands waters  

¶ Checks which will be made to ensure that the Biofouling Management Plans of all vessels 
involved in the campaign are up to date.     

1.10.5 Disturbance to wildlife, livestock and the human population onshore from helicopter 
noise 

Helicopters will be used throughout the drilling campaign to transport personnel between Stanley 
(and Mount Pleasant Complex, MPC) and the drilling rig. There is concern that overflying 
helicopters could cause disturbance to wildlife, the local community and livestock.  

Three Sikorsky S92 helicopters will be used throughout the campaign. Flights will occur on a daily 
basis but multiple flights (five) will occur every two weeks to facilitate crew changes. If the same 
flight path is used, this has the potential to cause disturbance to wildlife, livestock and the human 
population of the Falklands.   

Penguins appear to be particularly vulnerable to this type of disturbance, particularly when 
breeding or moulting. Disturbance of breeding birds could result in the loss of eggs or chicks to 
predators or crushing by panicked adults. When moulting, penguins are unable to enter the water 
to feed for about a month, this is energetically extremely demanding and any disturbance would 
place an additional burden on the animalôs reserves. The most vulnerable species are king 
penguins, which breed year-round at Volunteer Point.  

The helicopters will be based at Stanley Airport, which is approximately 3.5 km from the nearest 
residents of Stanley. There are, however, numerous Camp settlements that are potentially on the 
flight path between Stanley and the rig.  
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The positions of all vulnerable seabird colonies, NNRs, IBAs and Camp settlements are known and 
flight plans can be routed to avoid overflying these areas. When it is not possible to avoid an area 
completely minimum flight heights will be specified.  

Due to the potential for chronic effects in small areas over the course of the campaign (scheduled 
August/September), the severity of helicopter over-flights on wildlife has been assessed as 
óModerateô. 

There are areas that are designated as NNRs close to the direct flight paths between the rig and 
Stanley or MPC: Kidney and Cochon Islands, Volunteer Point and Cow Bay, Cape Dolphin and 
Moss Side. Additionally, the north coast of East Falkland, known as Seal Bay, and Berthaôs Beach, 
near MPC, are designated IBAs for their colonies of penguins. The national importance of these 
areas means that the sensitivity of the receptors is assessed as óHighô. The overall significance of 
the potential disturbance caused by helicopters to local wildlife is óModerateô. To mitigate this, 
specific flight paths will be planned to avoid sensitive areas. Where this is not possible a minimum 
flight height of 3,000 ft (900 m) will be required.   

Following the austral winter, local farmers are concerned about the condition of their livestock and 
the likelihood of a poor lambing season (mid Sep - end Oct). The danger is one of mass panic by a 
corralled flock, which has been startled by aircraft noise (FILFH, 2014). Generally, livestock is 
widely spread at low densities and therefore a small proportion of animals would be subject to 
disturbance from helicopters at any one time. However, if animals were gathered in a confined 
space the impact would be more severe. Following the precautionary approach, the severity of 
helicopter disturbance on livestock is assessed as óModerateô, due to the small area that will be 
affected and short-term nature of the impact. Where animals are gathered, there is the potential to 
impact a high proportion of any one farms livestock, therefore, the sensitivity of receptors has been 
assessed as óModerateô. Overall significance of the impact has been assessed as óModerateô.  

The impact of helicopter noise will be localised and short-term resulting in a barely detectable 
impact on the local population. The severity of the impact on Falklandsô residents is therefore 
considered to be óMinorô.  

The use of aircraft to transport passengers is an everyday occurrence in the Falklands so there is a 
degree of tolerance. Direct flight lines between the heliports and the drilling rig locations do not 
pass directly over settlements. The sensitivity of the local population to helicopter disturbance is 
assessed as óLowô. The overall significance of helicopter noise on the human population is óLowô.  
However, flight paths will be planned and reviewed to ensure minimal disturbance to the human 
population, along with wildlife and livestock. 

The project activities are clearly defined and avoiding sensitive areas should be easily achievable. 
As such, confidence in the assessment is óCertainô. 

1.10.6 Introduction of terrestrial invasive species with cargo imports 

In the past, there have been numerous introductions of non-native terrestrial species into the 
Falkland Islands. There are numerous examples in the Islands where an invasive species has 
impacted upon socio-economic and biodiversity aspects on the Islands. For example, the invasion 
by the European earwig (Forficula auricularia) of Stanley is a timely reminder of the risks posed by 
non-native species. In recent years, there has been a concerted effort by the Falkland Islands 
Government (FIG) to reduce the risk of visitors to the Islands unintentionally introducing more non-
native species and biosecurity procedures have been improved. 

Any cargo arriving from outside the Islands during the Rhea-1 drilling operaitons poses a risk of 
unintentionally introducing non-native species. In this regard, the highest risks are invertebrates 
and seeds and soil (containing micro-organisms) that can adhere to the outside of containers or be 
hidden within cargo. During the previous round of exploratory drilling in 2011, fresh fruit and 
vegetables were imported into the Falkland Islands on the campaign charter flight. Whilst this was 
welcomed by local residents, it also represents one of the greatest risks of introducing non-native 
species either within the produce or in adhering soil or packaging.   
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While many species have been introduced in the past, quantifying the risk is not straight forward. It 
is likely that many cargos arriving in the Falklands are harbouring some non-native species, 
whether these are able to survive and breed to become invasive depends on the species 
concerned and whether they find a niche to exploit in the Falklands. Therefore, the impact of any 
introduction should be assessed on a case-by-case basis.  

The long-term implications for the Islands could be severe and difficult to reverse; the severity is 
assessed as óMajorô. In the terrestrial environment the possibility of detecting potential invasive 
species and eradication, thereby reversing the effect, is easier than in the marine environment, on 
this basis the sensitivity has been assessed as óModerateô. 

The transportation of invasive species to the Falklands has happened in recent years. Additionally, 
the introduction of invasive species has happened in the industry elsewhere in the world and 
therefore the likelihood of invasive species becoming established as a result of the drilling 
campaign has been assessed as óPossibleô. The overall significance of the impact is assessed as 
óModerateô and measures will be taken to reduce the potential impact. Confidence in the 
assessment is assessed as óProbableô.  

The best means of reducing the likelihood of introducing non-native species is to ensure that all 
materials are clean when packed or loaded in the port of origin, particularly items of fresh fruit and 
vegetables.  

¶ All NEFL personnel should be briefed on the significance of non-native species and 
instructed to capture/kill any invertebrates that are found while unloading/unpacking cargo. 

¶ Cargo should be clean when packed and sealed in invertebrate proof packaging, where 
appropriate. 

¶ Falkland Islands Biosecurity Guidelines will be adhered to for any freight imported via the 
charter flight. 

On arrival in the Falkland Islands, cargo will be inspected for biosecurity breaches. Any breaches 
should be reported to the FIG Biosecurity Officer. 

1.10.7 Disturbance to Stanley Residents and Wildlife from Inshore and Onshore Light and 
Noise Sources 

The primary sources of onshore and inshore light and noise are the TDF and laydown yards which 
will occasionally be floodlit to enable safe working and management of cargo. Prior to construction 
of the TDF, an EIA, and associated modelling, was completed to cover the construction, operation 
and decommissioning stages (NEFL/RPS, 2013). The findings of that assessment with regard to 
the impact of light and noise sources are discussed and updated in line with activities specific to 
the Rhea-1 drilling operations. 

Activity on the TDF could occur 24 hours a day, seven days a week such that there could be a 
visual impact during night-time hours. The most significant noise generating sources and activities 
during operations are considered to be: 

¶ Vessel arrival / departure during drilling programme, typically vessels 5,000 to 10,000 brake 
horsepower; and 

¶ Vessel loading / unloading using a 250-tonne crane, a 30-tonne crane; and a 15-tonne 
forklift. 

 The potential receptors to light and noise disturbance are; 

¶ The residents of Stanley; 

¶ FIG Air Service (FIGAS) pilots; and 

¶ Local wildlife. 

Light and Stanley Residents  

Light spillage towards Stanley will be minimised, given the orientation of the lights and attenuation 
with distance. In addition, the lighting is unlikely to add significantly to the light emitted by FIPASS 
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and will be of a similar nature to that already employed there. The impact will be localised and 
short-term and therefore the severity is assessed as óMinorô. The sensitivity of Stanley residents is 
assessed as óLowô as they are already subjected to artificial light from FIPASS and from within the 
town. Overall the significance of the laydown yard lighting on the residents of Stanley is assessed 
as óLowô and no mitigation measures are proposed.   

Light and FIGAS Pilots 

The main deck lights of vessels alongside the TDF will face east, towards Stanley airport. Although 
lights are downwards facing this has the potential to temporarily interfere with the night vision of 
pilots and the severity is assessed as óModerateô. The potential for disruption to night flights from 
Stanley Airport is clearly of concern to stakeholders. Therefore, without mitigation, the sensitivity of 
FIGAS pilots is assessed as óModerateô. The overall significance of laydown yard lighting on 
FIGAS pilots is assessed as óModerateô. Mitigation measures proposed, or already implemented, 
to reduce the impact includes; 

¶ All lamp units, with the exception of those required for safety and navigation aids, will be 
pointed in-board towards the causeway and barge, to reduce potential light pollution to local 
residents in Stanley; 

¶ The TDF and laydown yard permanent lighting was designed and implemented in 
accordance with the Health and Safety in Ports (SIP009) Guidance on Lighting. This is a 
document jointly prepared by Port Skills and Safety with assistance from the UK Health & 
Safety Executive (HSE). This ensures that the artificial lighting used does not generate light 
spill or reflection that could be a possible nuisance to local residents or attract wildlife; and 

¶ Ongoing consultation with FIGAS to ensure that the lighting design minimises any potential 
issues related to the operations of flights in and out of Stanley Airport. 
 

Light and Local Wildlife 

The impact resulting from the drilling operations will be localised and short-term and in the context 
of current ambient light levels will have a barely detectable impact on the species concerned e.g. 
sooty shearwaters, therefore the severity of the impact has been assessed as óMinorô.    

The nearest breeding colonies of such species are not in direct line of sight of the TDF and 
laydown yard and most of the drilling activity will be outside the breeding season. The sensitivity of 
receptors has been assessed as óLowô. The significance of the impact of laydown yard lighting on 
local wildlife is assessed as óLowô and no mitigation measures are proposed.   

Noise and Environmental Receptors 

The magnitude of noise impact during loading and unloading at the TDF and laydown yard during a 
calm and dry night for which there is a light easterly wind (worst-case scenario) is considered to be 
barely detectable and unlikely to cause any potential impact to local residents (NEFL/RPS, 2013). 
The predominant wind direction is westerly so these conditions occur for a minority of the time. 
Consultations with local residents indicated that this assessment was overly optimistic. The 
severity of the impact is therefore assessed as óMinorô and the sensitivity of receptors is óLowô.   

The significance of noise has been assessed as óLowô; however, the following measures will 
further reduce the impact on Stanley residents and local wildlife.  

¶ Vessel movements will be reduced where possible through optimised planning, making 
efficient use of vessel loads; 

¶ All vessel engines shall be switched off whilst not in use and not left to idle, where possible; 
and 

¶ Loading or unloading operations at night shall not normally occur and if necessary will be 
minimised where practicable. 

 

This assessment relies largely on the EIA, and associated modelling, that was presented prior to 
the construction of the TDF (NEFL/RPS, 2013). The TDF and laydown yard add to existing sources 
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of light and noise in the industrialised area to the east of Stanley and therefore the nature of the 
impact is well understood. However, a degree of monitoring is required to ensure that artificial 
lights do not interfere with FIGAS flights or local wildlife. Therefore the confidence in the above 
assessments of light and noise is óProbableô.    

1.10.8 Demands for Accommodation in Stanley. 

Throughout the Rhea-1 drilling operations, it is anticipated that approximately 85 additional 
personnel (representing, NEFL, third parties and stand-by crew) will be based in Stanley. The 
majority of personnel will be based offshore but will pass through Stanley during crew changes. 
During previous exploration campaigns, personnel have been accommodated in local hotels, 
guesthouses or rental property. However, there is a limit to the number of available beds and 
properties in Stanley and therefore a purpose built temporary accommodation unit has been 
constructed to accommodate the majority of these personnel during the 2015 campaign.  The 
temporary accommodation unit has the capacity to house up to 160 workers, which would be the 
case in the event that all workers were evacuated from the rig, i.e. it was ódown-mannedô.  

A small number of additional shore based personnel (five individuals) will be working in Stanley 
during the Rhea-1 operations. These personnel will be based in local rented accommodation, and 
will consequently add some pressure to the local housing market. 

At the time of writing, construction of the temporary accommodation unit has been completed and it 
is in use.  

1.11 Waste Management 

All industrial waste falls under the category of ócontrolled wasteô and thus has to be accounted for 
and recovered or disposed of in a safe and environmentally responsible way. The discharge of 
waste to sea is prohibited with the exception of certain discharges which are permitted under 
international law and the majority of waste must be transferred to shore. Once ashore, modern 
disposal and recycling techniques can be employed to minimize the impact of waste on the 
environment, however, waste disposal options in the Falkland Islands are limited. 

A range of hazardous and non-hazardous controlled waste will be produced during the Rhea-1 well 
operation. These can be broadly categorized as:  

¶ Galley and domestic waste (e.g. blackwater (sewage), grey water (water from domestic 
use) and galley food waste) 

¶ Non-hazardous waste (e.g. paper, packaging, scrap metal) 

¶ Hazardous waste (e.g. empty chemical drums, oily rags, waste oil, oily water (drainage and 
bilge water) etc.) 

Given the limited waste management facilities in the Falklands, NEFL has developed a waste 
management plan (WMPA) specific to exploratory drilling operations in the Falkland Islands to 
ensure that all waste is processed, stored, transported and disposed of responsibly. International 
legislation (notably MARPOL) and the 'Duty of Care' principle outlined in the UKôs Environmental 
Protection Act 1990 guide much of the NEFL WMPA. 

During the Rhea-1 well operation, black water, grey water and galley food waste will be treated and 
discharged to sea in accordance with MARPOL and rig/vessel procedures. Solid waste (sewage 
and food) will be macerated before being discharged, to achieve no floating solids and no 
discolouration of surrounding water as per MARPOL requirements. The discharge point is 12.5 m 
below the surface of the water. The discharge of black water, grey water and food may lead to 
localised nutrient enrichment; however, the dynamic nature of the offshore environment will rapidly 
disperse the additional nutrients with little impact on water quality. Additionally, the activity of 
bacteria and other marine organisms will rapidly break down organic waste. The assessment 
indicates that there is no significant impact on the marine environment from the planned 
discharges at-sea.   
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Deck drainage water and vessel bilge water will be discharged via an oil separator designed to 
remove any contaminants that may have been picked-up from the deck or bilge. Drainage and 
bilge water discharges will only occur when the oil in water content is below 15 parts per million; in 
compliance with MARPOL and rig/vessel procedures. While seabirds may potentially be affected 
by surface oil sheens, at a concentration of 15 ppm, oil does not create a sheen on the water 
surface and hence birds do not become oiled (Wiese, 2002). Whether oil at this concentration still 
has the potential to damage other marine organisms is not known. Nonetheless, wave action will 
help to dilute and disperse any oil entering the sea.    

All other waste will be categorized and segregated, stored securely and transported to the supply 
base in Stanley for storage prior to onward processing. The majority of waste will be shipped back 
to the UK for recovery or disposal. In agreement with FIG, combustible non-hazardous wastes will 
be disposed of via the incinerator on the Falklands with waste ash deposited to landfill (e.g. Eliza 
Cove). NEFL has committed not to add any waste directly to the landfilled waste at Eliza Cove or 
Mary Hill Quarry. Waste oil will either be shipped to the UK or provided to the local community for 
use on oil burners in agreement with FIG. 

The quantities of other waste products produced during the Rhea-1 drilling operations have been 
estimated from the amount of waste generated in previous exploratory drilling campaigns. All 
waste will be handled, transported and processed of in accordance with the WMPA and waste 
production will be minimised by implementation of the Waste Hierarchy thus minimising the impact 
of waste. Each stream will be stored separately in appropriate containers thus minimising the 
likelihood, and thus the risk, of loss of waste while in transit or storage. The provision of hard-
standing and bunding within waste storage areas will contain hazardous materials in the event of 
an accidental release thus enabling rapid on-site clean-up and minimizing impact on the 
environment or human health.  

With the appropriate waste handling and storage protocols in place, the impact of waste and the 
risk of the accidental release of hazardous waste into the environment is not anticipated to be an 
issue.     

1.12 Discharge of Drilling Mud and Cuttings 

A combination of seawater and water base muds (WBM) (an aqueous suspension of clay or other 
viscosifiers such as bentonite) will be used during the drilling operations to lubricate the drill bit and 
to return the rock cuttings from the wellbore bore back to the surface. The mud and cuttings will 
eventually be discharged to sea at the Rhea-1 well site. The majority of chemicals planned for use 
within the WBM system are considered to Pose Little or No Risk, known as PLONOR chemicals. 

During drilling of the top two sections of the well, drill cuttings will be discharged directly onto the 
seabed. When drilling the third and fourth sections of the well, the mud and cuttings will be 
returned to the rig through a riser pipe and will be discharged near the sea surface.  

Discharges of WBM and drill cuttings results in the suspension of particulates in the water column, 
which may affect the local water quality and the plankton and fish species living within it. Affects 
may result from increased turbidity which reduces light levels to particulates which may cause 
physical damage to gill structures. Deposition of the discharged material on the seabed, affects the 
sediment quality through change in particle size, which also leads to habitat modification for 
animals living on the seabed. Where deposition thickness exceeds 6.5mm this may lead to 
smothering of sessile organisms and particle overloading of suspension feeders.  

The predicted impact of the discharge of mud and cuttings was estimated using the 
DREAM/ParTrack model, developed by SINTEF (Stiftelsen for industriell og teknisk forskning ï 
The Foundation for Scientific and Industrial Research) in Norway. This model calculates the 
dispersion and deposition of drilling muds and cuttings on the seabed, and the dispersion of 
chemicals and particles in the water column (Genesis, 2015a).  The ParTrack model predicted 
environmental risk to the sediment due to cuttings deposition persisting for approximately four 
years post drilling, with effect remaining relatively localised within 45 m of each well. Effects 
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relating to changes in sediment grain size were predicted to account for the majority of 
environmental risk to the sediment, with effects persisting for at least four years and affecting an 
area of 0.185km2. Risk to the water column was primarily due to dissolved components and was 
predicted to extend further than risks to the seabed, affecting a maximum volume of approximately 
0.0648 km3 when discharged from the 26ǌ tophole section. However, the effects will be very short-
term with risk falling to acceptable levels within several hours of each discharge as particles are 
dispersed by the currents. The impacts to each environmental receptor are discussed below: 

¶ Seabed Sediment - The severity of the impact to sediment quality is assessed as 
óModerateô having an effect over a relatively small area, but that will persist for at least ten 
years. The sensitivity is assessed as óVery Lowô as the habitat is undesignated and 
widespread. The overall significance is óLowô. 

¶ Water Quality - The increase in turbidity will reduce water quality in a small volume of water 
in surface waters and near the seabed. The operations will be of short duration with 
recovery occurring within hours hence the severity of impact to the water column was 
assessed as óMinorô and the sensitivity as óVery Lowô given that the area of affected water 
column is not very productive in the austral winter. The overall significance is óLowô. 

¶ Phytoplankton and Zooplankton - The increase in turbidity will affect a very small volume in 
the upper water column and is predicted to recover within hours, consequently the severity 
to plankton is assessed as óMinorô, and the receptor of óLowô sensitivity as species are 
widely distributed throughout the water column. The overall significance is óLowô. 

¶ Benthic Fauna - Some organisms close to the well will be buried with re-colonisation 
commencing within 1-2 years of the end of cuttings discharge. Modification of sediment 
grain size will account for the greatest percentage of environmental risk and could affect the 
community structure for at least ten years. Consequently the severity of the impact to the 
benthic fauna is assessed to be óModerateô and the sensitivity to be óModerateô taking a 
precautionary approach as no site specific surveys have yet been conducted. The overall 
significance is óModerateô. 

¶ Fish and fisheries ï Based on the absence of spawning commercial fish species on the 
Northern Slope, which are the most sensitive life stage; the relatively localised area of 
effect; short-term impact and reversibility of the effect the severity is assessed as óMinorô. 
The sensitivity of fish and fisheries is assessed as óLowô, due to the mobile nature and very 
small proportion of any species population that would be affected. The overall significance 
is óLowô. 

The pre-mitigation significance of cuttings discharge is assessed as óModerateô for Benthic Fauna. 
This is a prcautionary assessment due to the lack of benthic survey data. Pre-drilling surveys will 
help to determine the habitat type and species present at the drill site. With this information, the 
sensitivity and severity of the impact, and therefore significance, are likely to be down-graded. 

1.13 Accidental Events 

The following accidental events were identified during the Environmental Impact and Risk 
Identification (ENVID) process: 

¶ Emergency situation leading to a significant loss of containment or an uncontrolled release; 

¶  Accidental loss of containment during operations leading to small diesel or chemical spills; 

¶  Major rig incident resulting in loss of rig; 

¶  Major vessel incident resulting in a collision with rig or another vessel; 

¶  Loss of containment of drilling mud from riser due to rig failing to maintain station. 
 

1.13.1 Emergency Situation Leading to a Significant Loss of Containment, an Uncontrolled 
Release or Blow-out 

There are two main control measures that prevent the uncontrolled release of hydrocarbons during 
drilling, primary (maintaining hydrostatic pressure in the wellbore) and secondary (a blow-out-
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preventer (BOP) installed on the wellhead). In the unlikely event that both primary and secondary 
well controls fail, an uncontrolled release can occur. 

A large scale uncontrolled release/blow-out would have far reaching impacts on the marine, and 
potentially terrestrial, environment. To investigate the potential impact, an oil spill scenario in which 
1,163 barrels (163.2 tonnes) per day for 15 days from Rhea-1 well site was modelled by Genesis 
(2015b). Modelling was conducted using the Oil Spill Contingency and Response (OSCAR) model 
developed by SINTEF. Two different types of oil with different properties were adopted for the 
blow-out modelling to account for the unknown nature of the crude at the Rhea-1 well at this stage 
of the exploration programme.  The first type was based on the characteristics of Sea Lion crude, 
which is extremely waxy crude; the second was based on the characteristics of Ekofisk crude, 
which is a typical light volatile crude. The scenario chosen in this assessment represents the worst-
case conditions and the maximum spill possible for the Rhea-1 well.  The likelihood of a blow-out 
occurring has been assessed as óRemoteô, it has happened in the industry but on extremely rare 
occasions. 

The environmental impact would affect a wide range of environmental receptors. The severity of 
impact to each environmental receptor will be different and dependent on the environmental 
conditions, and subsequent dispersion of oil, experienced in the weeks following any spill. The 
severity of the impact on each receptor is discussed below; 

¶ Plankton - The results of the model predict that the Sea Lion crude will spread as waxy 
droplets under the influence of wind and currents, primarily in the surface layers of water. 
The Ekofisk crude will create a visible sheen spreading to the north, the area of predicted 
surface coverage is less than that of the Sea Lion crude due to the latter forming persistent 
waxlets. This zone is occupied by planktonic organisms and therefore the severity of the 
impact on plankton was assessed as óModerateô.   

¶ Benthic Fauna ï A small quantity of wax and oil will settle to the seabed about 50 days after 
the start of the uncontrolled release, with much lower proportion of the lighter crude ending 
up in the sediments. At this stage the wax will continue to slowly degrade but with unknown 
long-term consequences for benthic fauna. Therefore the severity of the impact has been 
assessed as óMajorô. 

¶ Seabirds ï Due to the spatial extent of the slick (potentially covering important seabird 
foraging areas) and the potential for chronic impacts on reproductive biology in long lived 
late reproducing species, the severity of the impact on seabirds is assessed as óMajorô. 

¶ Marine Mammals - The severity of the impact on marine mammals was assessed as 
óModerateô because the waxy nature of the Sea Lion crude will mean a lower exposure to 
volatile and toxic components than the Ekofisk crude. 

¶ Fish and Fisheries - The model predicts that a slick would overlap with major fishing 
grounds, affecting different fisheries depending on the time of the year. An uncontrolled 
release might result in the closure of the fishing grounds due potential tainting and 
contamination. For fish and fisheries the severity of the impact is assessed as óMajorô.  

¶ Northern Coastline - The model predicts that there would be a <5% chance of wax reaching 
the north coast of the Falklands whereas the lighter Ekofisk crude is not predicted to reach 
any coastline. By the time the wax reaches the coast, it will be much dispersed and in the 
form of small waxy droplets. As there is still some uncertainly over the longer term chronic 
impacts on this environment, the severity of the impact on the coastal environment is 
assessed as óModerateô. 

¶ Tourism - It is likely that a major loss of containment/blow-out and the media attention that 
such an event would generate would have long lasting negative impacts on tourism due to 
the perceived environmental degradation. The severity of this impact is assessed as 
óMajorô. 

Taking all of the potential receptors into account, the overall impact severity of a major loss of 
containment on the NFB ecosystem would be óMajorô. However, there are many unknowns in the 
model and the impact on environmental receptors. Although the impact may have serious multi-
year consequences for the ecosystem of the NFB, this impact would be reversible. Seabirds were 
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assessed as the most sensitive receptor, due to the internationally important populations of birds 
that feed to the north of the Falklands. Sensitivity is assessed as óVery Highô for seabirds. The 
likelihood of the impact occurring is óRemoteô, and hence the overall significance of the impact is 
óModerateô. 

There is a discernible risk to the environment; however, a number of measures to manage the risk 
are built into standard operational controls (such as the use of a BOP). Nonetheless, NEFL have 
produced a Rhea-1 specific Oil Spill Response Plan (OSRP). If a spill occurred, tiered responses 
would be initiated, proportional to the spill. Key aspects of the response would be; 

¶ Well intervention operations ï these are means of stopping the flow of oil and could include 
the drilling of a relief well or the use of a subsea capping device; 

¶ Surveillance - it is vital to track the progress of any spill with the aid of aerial surveys and 
tracking buoys;  

¶ Dispersants - it is unlikely that dispersants would be effective on oil with a high wax content, 
like Sea Lion crude, and they are unlikely to be used, although they will be available in field 
in case hydrocarbons encountered are not as anticipated; 

¶ Containment and recovery ï under suitable weather conditions, booms and skimming 
devices can be used to recover oil at sea. The supply vessels will be appropriately 
equipped to undertake this; 

¶ Shoreline clean-up ï an assessment of the sensitivity has been undertaken to prioritise 
sites in the event oil approaches the coastline (Premier Oil, 2014); 

¶ Wildlife rescue and rehabilitation ï specific response equipment to support wildlife rescue 
and rehabilitation will be available for the campaign. 

With the measures outlined above in place, it is not possible to reduce the likelihood of an 
uncontrolled release any further; however, in the unlikely event that a spill does occur, 
implementation of the OSRP will reduce the severity of the impact on the marine environment. 

1.13.2 Accidental Loss of Containment During Operations Leading to Diesel or Chemical 
Spills 

Diesel fuel will be used to power the rig and all vessels involved in the drilling campaign. Large 
quantities have to be transferred and stored and accidental events could result in diesel spills. To 
investigate the likely behaviour of spilt diesel, two scenarios covering worst-case conditions were 
modelled;  

¶ Scenario 1: Loss of containment during fuel/chemical transfer resulting in 30 tonnes of spilt 
diesel; and  

¶ Scenario 2: Major loss of containment leading to the loss of the entire rig inventory of diesel 
(over 4,000 tonnes). 

The OSCAR model that was used to describe the behaviour of crude oil following an uncontrolled 
release/blow-out was also used to characterise the behaviour of offshore diesel spills, using the 
same environmental parameters. 

Modelling results indicated that diesel fuel is rapidly dispersed but its volatile nature makes it more 
toxic than heavier crude oils. The areas of significant impact would occur over a relatively small 
area close to the spill site and within the surface layers of the sea. Potential receptors are plankton, 
fish and squid, seabirds and marine mammals. 

The size of the spill does not necessarily relate directly to the magnitude of the impact, the impact 
is determined by how many receptors are exposed to the pollutant. Seasonal variations in the 
distribution of receptors may influence the scale of the impact as much as the size of the spill, 
although smaller spills will disperse more rapidly. However, it is likely that the presence of the rig 
will act as a focal point for marine animals and therefore the greatest impact is likely to be close to 
the rig.  
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¶ Plankton ï In both scenarios the diesel remains on or close to the surface of the water 
throughout the course of the model. Planktonic organisms will be contaminated over a 
small area for a short period of time and the severity is therefore considered to be óMinorô.  

¶ Fish, Squid and fisheries ï As both scenarios are short lived and localised also only small 
concentrations will enter the water column, the severity is assessed as óMinorô. 

¶ Seabirds, Scenario 1 ï As diesel will only be on the surface for a matter of hours the impact 
is short-lived and localised. However, the presence of the rig is likely to attract birds and it 
is these animals that are at greatest risk of suffering from the chronic impact of small scale 
leaks and spills and loss of containment events. The severity of scenario 1 to seabirds is 
assessed as óModerateô. 
Scenario 2 ï A far larger diesel spill, indicates that diesel will be on the surface for longer 
and will spread over a larger area. The potential impact increases in proportion to the size 
of the spill. Nonetheless, the area covered by the spill is still relatively small (on the scale of 
the NFB), the slick will be short-lived and any species of seabird impacted would recover 
relatively rapidly, hence the severity of the impact is assessed as óModerateô.  
Seabirds were assessed as the most sensitive receptor, due to the internationally important 
populations of birds that feed to the north of the Falklands. Sensitivity is assessed as óVery 
Highô for seabirds. 

¶ Marine Mammals ï Scenario 1 ï. There is no indication that the presence of a rig attracts 
associating marine mammals, although they could be attracted by potential prey species 
that may shelter near the rig. As cetaceans are more vulnerable to inhaling toxic vapour 
than to contact with skin, the short duration of the spill in surface water means the severity 
is assessed as óMinorô.  
Scenario 2 ï The potential impact from a larger spill increases. However, large diesel spills 
are short-lived and localised and the likelihood of marine mammals being exposed and 
suffering serious adverse effects is low, therefore the severity is óMinorô. 

¶ Coastal Impact ï In both scenarios the diesel evaporates quickly biodegrades or is 
dispersed in the water column, none of the diesel is transported to the coast, therefore the 
severity is assessed as óSlightô. 

In order to assess the significance of these events, the likelihood of each scenario occurring has to 
be considered. Minor spills do occur in the oil and gas industry, however, the quantities involved 
are usually far smaller (< one tonne) than that modelled in Scenario 1. The likelihood of small spills 
is assessed as óRareô. Scenario 2 would be far less likely and the likelihood is assessed as 
óRemoteô. Although on the scale used in this EIA the significance of Scenario 1 is óModerateô for all 
receptors, except the coast, and óModerateô in Scenario 2 for seabirds and óLowô for all other 
receptors. Therefore, the greater likelihood of a smaller spill indicates that these are more 
significant events. 

Preventative measures will be in place to minimise the likelihood, and therefore the risk, of all 
accidental events. Those specific to reducing the risk or severity of small diesel spills are:     

¶ Operating equipment within specified safe limits; 

¶ Conducting maintenance and inspection routines on time and diligently; 

¶ Investigating all leaks to determine root causes and take action to prevent reoccurrence;  

¶ Ensuring that all pipe-work is isolated, drained and purged as required by the permit to 

work before breaking containment; and 

¶ All hoses used to transfer diesel oil will be fitted with dry-break couplings, which will seal 

the end of the hose in the event of the hose becoming accidentally disconnected and limit 

the amount discharged. 

In Scenario 2, the most likely cause of a complete loss of diesel inventory is a collision with another 
vessel. The following preventative measures will be in place to minimise the likelihood, and 
therefore the risk, of vessel collisions: 

¶ A 500 m radius exclusion zone will be established around the rig; 
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¶ A ERRV will be on permanent standby to ensure the exclusion zone is maintained, and 
assist in the event of accidental events;  

¶ Automatic Identification System (AIS) and radar will monitor vessel traffic in the area; and 

¶ Security radio broadcasts will warn all sea users of the rigôs position. 

There is little more that can be done to prevent, or reduce the likelihood of, these events occurring 
and therefore an OSRP is required to mitigate against the severity of the impact on the marine 
environment in the event that a spill occurs. By way of mitigative control, all, support vessels will be 
equipped with oil spill response equipment to respond appropriately to all credible scenarios. 

The volatile nature of diesel fuel means that any spill will rapidly evaporate, disperse and 
biodegrade, the impact will be localised and short-lived. The impact will depend on the density of 
environmental receptors in the immediate vicinity of the rig, which is not possible to predict. The rig 
itself will influence the distribution of seabirds and may also influence the distribution of marine 
mammals and their prey. The confidence in the impact assessment of diesel spills on the marine 
environment is therefore óProbableô.    

1.13.3 Loss of Containment of Drilling Mud from Riser due to Rig Failing to Maintain 
Station. 

Damage to the riser (the tube connecting the rig to the wellhead) during drilling operations could 
result in a loss of the drilling mud and cuttings within the riser, this can happen in the event that the 
drilling rig loses station in an emergency situation. Reasons for loss of station include: failure of 
position references, operator error, thruster failure and DP computer failure. The environment 
could also be a factor especially in extreme weather conditions. 

The loss of drilling mud would impact the water column and the seabed. Potential environmental 
receptors are: 

¶ Seabed Sediment ï discharge direct to the seabed and settlement of particles through the 
water column will impact sediment chemistry and particle size over the affected area; 

¶ Water Quality ï suspension of mud and cuttings in the water column as well as discharge to 
surface waters will impact water chemistry and turbidity; 

¶ Phytoplankton and Zooplankton ï organisms with limited mobility will be impacted by 
changes in local water quality; 

¶ Benthic Organisms ï discharge of drill cuttings and mud affects benthic organisms through 
direct burial, habitat change and sediment suspension at the seabed; and 

¶ Fish ï mobile species such as fish may be affected if drilling coincides with certain life 
history stages such as spawning periods and juvenile stages when they inhabit particular 
spawning or nursery grounds, or if it coincides with productive feeding season and feeding 
grounds. 

The mud used during the drilling campaign will be Water Based Mud (WBM). The impact of the 
loss of WBM contained within the riser was modelled using the same DREAM/ParTrack model, 
used to assess the impact of discharging drill cuttings and mud during drilling operations (Genesis, 
2015a). The scenario for the release of WBM following a ruptured riser is based on release 
quantity of 100 m3 over one minute and the simulated duration was over one day.  

WBM contains a number of chemical additives, most of which Pose Little Or No Risk (PLONOR) to 
the environment.  In addition to chemicals, the muds contain Barite which due to the angular nature 
of the particles can damage the gills of marine organisms.   

Any impact from the WBM released would be extremely localised and short-term. There is no 
significant effect on grain size, deposition thickness averages 0.005 mm and particles settle to the 
seabed within five minutes. The severity of the impact on plankton, fish, water quality, sediments 
and benthic organisms is assessed as óMinorô. Any impact would influence a small proportion of 
the available habitat or proportion of populations, sensitivity was assessed as óLowô. The likelihood 
of a loss of mud containment due to a loss of station is assessed as óRemoteô and the overall 
significance of the event would be is óLowô. 
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However, the loss of station is clearly undesirable and a number of preventative controls will be in 
place to reduce the likelihood, and thus the risk, of loss of station and loss of containment within 
the riser: 

¶ Redundancy is designed to ensure that DP related equipment are always available; 

¶ DP trials on the rig will be undertaken when the rig reaches location and before operations 
commence; 

¶ An exclusion zone of 500 m, guard vessel, radar, AIS and radio broadcasts to reduce the 
probability of vessel collision; 

¶ Iceberg collision. Work to date shows that the risk of significant icebergs in the exploration 
drilling area is low. However, NEFL will have an ice management plan in place for the 
duration of the drilling campaign; and 

¶ Continual monitoring of long-range and short-range weather forecasts, so that if storm 
conditions are predicted to exceed the safe weather conditions for the rig, a controlled 
containment and release from the wellhead could be performed if required. 

1.14 Environmental Management 

Through a systematic evaluation of the proposed Rhea-1 exploration drilling operations project 
related activities and their interactions with the environment, a variety of potential sources of 
impact were identified.  The majority of activities were of limited extent and duration and deemed 
minor. 

Those activities that were identified as being of potentially greater concern were assessed further 
in the main risk assessment chapters. A number of environmental management actions and 
operational controls were identified for consideration during final project planning and execution.  
NEFL will manage these actions within the framework of its project specific Environmental 
Management Plan (EMP) and its GMS. Specific management actions identified in the EIS 
(primarily in the context of impact/risk management and effects mitigation and monitoring), will thus 
be taken forward into detailed planning and through the project execution phase. 

1.15 Conclusion 

The overall conclusion of the EIA is that with the implementation of the proposed prevention and 
mitigation controls, the proposed exploration campaign will not result in any significant adverse 
effects on the physical, social or biological environment. 
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Table 2: Summary of Impact and Risk Assessment Process and Outcomes 

 

Aspect Source Activity Description Potential Effects and Significance 
Legislation/NEFL 
policy/Mitigation 

Residual 
Impact / 
Concern 

All Aspects 

Generation of 
atmospheric 
emissions 

from vessel 
movements, 

drilling  

Combustion of fuel contributing 
to greenhouse gases (direct 

CO2, CH4, N2O, indirect NOx, 
SO2, CO, VOCs); local air quality 

(via photochemical pollution 
formation (NOX, SO2, VOCs)); 
and ocean acidification (CO2) 

Total greenhouse gases generated from the 
campaign would be ~0.01% of total UK 

emissions. 
The offshore conditions in the North Falkland 

Basin would rapidly dissipate any effects on air 
quality, which would be temporary and localised. 
CO2 generated during the campaign would have 

a negligible effect on the oceans pH. 

All vessels used during the 
campign will comply with 

MARPOL and the Merchant 
Shipping (Prevention of Air 

Pollution from Ships) 
Regulations 2008, which 

controls the levels of 
pollutants entering the 

atmosphere. 
Vessel will be audited. Well 
schedules will be optimised 

to minimise time drilling. 

Low 

Severity Sensitivity Significance Certainty 

Slight Very Low LOW Certain 

Rig and 
Vessel 

operations 

Underwater 
noise from rig 

and vessel 
movements, 
drilling and 

VSP 

Vessel activities produce 
predominantly low frequency 

(<1,000 Hz) continuous sounds 
that are less than 190 dB 

re.1ɛPa at source.  VSP airguns 
produce high intensity (230-240 
dB re.1ɛPa), low frequency (10-

150 Hz) pulsed sounds. 

Marine mammals are considered to be of the 
greatest conservation concern in relation to 

underwater noise pollution, they are protected 
species that are known to use sound to 

communicate over large distances, navigate and 
detect potential prey or predators. Marine 
animals within 100 m of the airgun could 

experience hearing loss, which in terms of the 
North Falkland Basin is a very localised area. 

JNCC guidance will be 
followed, marine mammal 
observers will be deployed 

to search for marine 
mammals within a mitigation 

zone (500 m radius) for a 
period of 60 minutes prior to 

firing of airguns, soft-start 
procedures will be followed 

and VSP activity will 
commence during daylight 

hours. 
Sources of man-made noise 

will be quantified with 
acoustic equipment to 

inform future EIAs 

Moderate 

Severity Sensitivity Significance Certainty 

Moderate High MODERATE Probable 
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Aspect Source Activity Description Potential Effects and Significance 
Legislation/NEFL 
policy/Mitigation 

Residual 
Impact / 
Concern 

Rig and 
Vessel 

operations 

Placement of 
rig clump 

weight on the 
seabed 

A clump weight is a relatively 
small (465 kg ) weight that sits 

on the seabed and is connected 
to the rig by a tension wire. This 
system is used to automatically 
maintain the rigôs position. 

The deployment of a clump weight will cause a 
degree of disturbance to the seabed. This 

represents such a small area it was regarded as 
insignificant. 

A Longbase Line (LBL) 
system will be used, which 

relies on the accurate 
positioning of transponders. 

This also minimises 
disturbance on the sea bed.   

Low 

Severity Sensitivity Significance Certainty 

Slight Very Low LOW Certain 

Rig and 
Vessel 

operations 

Physical 
presence of 

rig 

The presence of the rig and its 
500 m radius exclusion zone 
could potentially interfere with 
commercial fishing or shipping. 

All vessels will be excluded from a 500 m radius 
of the rig. This will cause virtually no impact as 

the well locations are not on busy shipping lanes 
or fishing grounds. 

All vessels in the area will 
be informed of the rigôs 

position and intentions by 
radio broadcast and AIS, 
which will allow vessels to 

reroute with minimal 
disruption. An ERRV will be 
present in the field during 
drilling operations and will 

enforce the 500m exclusion 
zone. 

Low 

Severity Sensitivity Significance Certainty 

Slight Very Low LOW Certain 

Rig and 
Vessel 

operations. 
 

Drilling 
operations 

Generation of 
artifical light 
on rig and 
support 
vessels 

Attraction of marine life, e.g. 
plankton, fish, squid and 

seabirds to artifical light offshore. 
Subsequent collision risk for 

seabirds with the rig or vessels. 

Impact on zooplankton, fish and squid very small 
and localised - minor severity. Impact on seabirds 

localised and short-term, less than 1% of the 
local population at risk 

The use of blackout 
blinds/curtains will eliminate 
light from living spaces. The 
majority of lights on the rig 
will be directed inwards to 

allow safe working 
conditions, however, 

outward facing lights are 
necessary for navigation 

and safety. Implementation 
of NEFLôs Bird Strike 

Management Plan (BSMP). 
All lights that do not need to 

be on will be turned off at 
night. 

Low 

Severity Sensitivity Significance Certainty 

Minor Low LOW Probable 
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Aspect Source Activity Description Potential Effects and Significance 
Legislation/NEFL 
policy/Mitigation 

Residual 
Impact / 
Concern 

Rig and 
Vessel 

operations 

Discharges of 
vessel 

drainage, 
firewater, 

sewage and 
galley waste 
from rig and 

vessels 

Release of contaminants leading 
to deterioration in seawater 

quality and localised increase in 
Biological Oxygen Demand 
(BOD) around the discharge 

point 

Impact on water quality, plankton, fish and squid 
will be very small, localised and temporary. 

Sewage will be treated prior 
to disposal at sea. 

Vessels will be audited to 
ensure compliance. 
Food waste will be 

macerated as required by 
MARPOL and The Merchant 

Shipping (Prevention of 
Pollution by Sewage and 

Garbage from Ships) 
Regulations 2008. 

Rig/vessel MARPOL 
compliance audits will be 

carried out. 
Implementation of NEFLôs 

Offshore Discharge 
Program (ODPO). 

Low 

Severity Sensitivity Significance Certainty 

Slight Very Low LOW Certain 

Rig and 
Vessel 

operations 

Discharge of 
closed drains 

following 
separation, 

and firewater 
foam to sea 

during system 
test 

Release of contaminants leading 
to deterioration in seawater 

quality and localised increase in 
BOD around the discharge point 

Impact on water quality, plankton, fish and squid 
will be very small, localised and temporary. 

Main deck, helideck, 
machinery spaces drainage 
routes to the closed drains. 
Drainage water is treated to 
remove oil content down to 
15 ppm of oil concentration 

prior to discharge in 
accordance with MARPOL 

73/78 Annex I requirements. 
Rig/vessel MARPOL 

compliance audits will be 
carried out. 

Implementation of NEFLôs 
ODPO. 

Low 

Severity Sensitivity Significance Certainty 

Slight Very Low LOW Certain 
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Aspect Source Activity Description Potential Effects and Significance 
Legislation/NEFL 
policy/Mitigation 

Residual 
Impact / 
Concern 

Drilling 
operations 

Discharge of 
drill cuttings, 

WBM, cement 
and 

chemicals,  to 
marine 

environment 

Increased turbidity in the water 
column, sedimentation leading to 
smothering of benthic organisms, 
modification of sediment particle 

size and habitat. 

Discharges would impact small areas of seabed 
and small volume of water relative to the 

available habitat on the Northern Slope. Impacts 
would be short term, with potential for rapid 

recovery. Modification of sedments would persist 
for over 10 years in a very small area. 
The significance of the impact on all 

environmental receptors was assessed to be Low 
except for óBenthic Faunaô. The significance of 
the impact on óBenthic Fauna; was assessed as 

Moderate (see below). 

Drilling fluids will be 
recirculated and cuttings 

separated from the mud for 
re-use of the mud to 

minimise discharges. The 
majority of WBM chemicals 
will Pose Little Or NO Risk 

(PLONOR) to the 
environment, where safety 

or operational criteria 
dictates non-PLONOR 
chemcials use will be 

monitored and minised. 
ROV surveys of the 

proposed drilling location for 
the Rhea-1 well will be 

conducted prior to 
commencing drilling 
activities. Should any 

sensitive habitats or species 
be identified, DMR will be 
notified and agreement to 
move the well location will 

be sought.  
Sediment traps will be 

deployed around the drilling 
location during operations to 

assess and validate the 
model sedimentation 

predictions. 
Implementation of NEFLôs 

ODPO. 
 

Low 

Severity Sensitivity Significance Certainty 

Moderate Moderate MODERATE Probable 
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Aspect Source Activity Description Potential Effects and Significance 
Legislation/NEFL 
policy/Mitigation 

Residual 
Impact / 
Concern 

Drilling 
operations 

Generation of 
non-

hazardous 
and 

hazardous 
waste for 

disposal in 
UK/FI 

Use of landfill resource in the 
UK. 

The majority of waste generated during the 
campaign will be transported back to the UK in 
the returning coaster vessels for landfill in the 

UK.  

Small quantities of waste 
may be disposed of in the 

Falkland Islands, in line with 
NEFLôs WMPA, and will not 

include direct disposal of 
waste to Eliza Cove or Mary 

Hill Quarry. 

Low 

Severity Sensitivity Significance Certainty 

Slight Very Low LOW Certain 

Drilling 
operations 

Intake of 
seawater 

Potential organism uptake in 
seawater intakes 

Plankton and possibly fish eggs or larvae could 
be removed from the ecosystem. This is on such 
a small scale that it is insignificant, in comparison 

with the overall egg/larval production, more an 
issue in terms of the potential for machinery to 

over heat due to blocked filters. 

Guards and filters are used 
to reduce the number of 

marine organisms that enter 
with seawater. 

Low 

Severity Sensitivity Significance Certainty 

Slight Very Low LOW Certain 

Drilling 
operations 

Discharge of 
heated 

seawater from 
heating 
/cooling 

medium or 
Reverse 

Osmosis unit 

Warm water or increase saline 
water discharges have the 

potential to impact seawater 
quality and marine organisms. 

Discharges to surface waters will dilute and 
disperse rapidly in the offshore environment. 
Plankton may experience small, short-term, 

localised effects. Fish are highly mobile species 
and are expected to avoid temperatures outside 

their tolerance range. 

Discharges will be in line 
with NEFLôs discharge 

programme, all applicable 
regulations, and all previous 
drilling rigs in the Falklands 
and rigôs water maker will 
reduce use of in-country 

water resources. 

Low 

Severity Sensitivity Significance Certainty 

Slight Very Low LOW Certain 

Shore 
based 

operations 

Physical 
presence of 

laydown yard 

The use of land resources and 
the impact on native flora and 

fauna. 

Disturbance of native flora. A short length of track 
will has been laid to join the existing road with the 

TDF. 

The majority of the 
infrastructure was in place 

prior to the start of the 
campaign. 

Low 
Severity Sensitivity Significance Certainty 

Slight Very Low LOW Certain 
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Aspect Source Activity Description Potential Effects and Significance 
Legislation/NEFL 
policy/Mitigation 

Residual 
Impact / 
Concern 

Shore 
based 

operations 
Waste 

Generation of domestic waste 
from operations at the laydown 

yard 

The majority of waste generated during the 
campaign will be transported back to the UK in 
the returning coaster vessels for landfill in the 

UK. 

The majority of waste from 
the laydown yard will be 

shipped to the UK with the 
waste generated offshore. 
Small quantities of waste 
may be disposed of in the 

Falkland Islands, in line with 
NEFLôs WMPA, and will not 

include direct disposal of 
waste to Eliza Cove or Mary 

Hill Quarry. 

Low 

Severity Sensitivity Significance Certainty 

Slight Very Low LOW Certain 

Shore 
based 

operations. 
 

Drilling 
operations 

Use of 
electrical and 

freshwater 
resources 

Domestic electrical and 
freshwater use in support of 

laydown yard activity. 
 

Use of local water supply for 
preparation of drilling mud. 

Emissions from electricity generation, added 
burden on the freshwater supply. The scale of the 

electricity and water use is considered 
insignificant 

The TDF has freshwater 
storage tanks which will be 
constantly trickle-fed with 

water from the Moody Brook 
reservoir. This will 

disconnect any peak in 
campaign demands from 

the supply to Stanley. 

Low 

Severity Sensitivity Significance Certainty 

Slight Very Low LOW Certain 

Shore 
based 

operations 

Generation of 
light during 

24hr 
operations in 

relation to 
local 

population 
and wildlife 

Artifical light can attract and 
disorientate seabirds. 

 
Stakeholder raised concerns that 

the potential for east-facing 
lighting from the TDF and bright 

lighting on vessels facing into the 
prevailing westerly winds may 

affect night-time flying at Stanley 
Airport. 

The laydown yard will be located on the outskirts 
of Stanley, artifical light from the base is not 

expected to significanlty add to light emitted by 
FIPASS. Potential for disruption by night flights 

causes concern for local residents. 

Permanent lighting will be 
designed and implemented 

in accordance with the 
Health and Safety in Ports 

(SIP009) Guidance on 
Lighting, prepared by Port 
Skills and Safety and UK 
HSE. Consultation with 

FIGAS to minimise impacts 
through lighting design. 

Low 

Severity Sensitivity Significance Certainty 

Moderate Moderate MODERATE Probable 
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Aspect Source Activity Description Potential Effects and Significance 
Legislation/NEFL 
policy/Mitigation 

Residual 
Impact / 
Concern 

Shore 
based 

operations 

Generation of 
noise during 

24hr 
operations in 

relation to 
local 

population 
and wildlife 

Noise arising from vessel 
engines moored alongside the 
TDF, vessel loading/unloading 

activities and operation of forklift 
trucks at the laydown yard, may 
be a nuisance to local residents. 

Noise modelling undertaken for the TDF 
indicated operations at the laydown yard and 
TDF on a calm dry night would have barely 

detectable impacts to Stanley residents, 
approximately one kilometre away. 

Vessel movements will be 
reduced where possible 

through optimised planning, 
making efficient use of 
vessel loads. All vessel 

engines shall be switched 
off whilst not in use and not 
left to idle, where possible. 

Loading or unloading 
operations at night shall not 

normally occur and if 
necessary will be minimised 

where practicable 

Low 

Severity Sensitivity Significance Certainty 

Minor Low LOW Probable 

Shore 
based 

operations 

Demands for 
temporary 

accommodati
on in Stanley 

During the campaign 
approximately 85 additional 
personnel will be based in 
Stanley, which will place 

pressure on the limited number 
of available beds in Stanley for 

visitors. 

A temporary accommodation block for the 
exclusive use of the 2015 drilling campaign has 

been constructed on a brown field site to the 
south of Stanley (near Stanley Services).  

This facility will satisfy the 
bulk of the Rhea-1 well 

campaignôs accommodation 
needs, and will also be able 
to cope with the eventuality 

of delayed flights, for 
instance due to bad 

weather, when óemergencyô 
accommodation may be 

required. 

N/A 

Inshore 
operations 

Physical 
presence of 

vessels 
interfering 
with other 
users of 
Stanley 
Harbour 

Vessels associated with the 
campaign will increase traffic in 

Stanley Harbour. Space for 
manoeuvering in the harbour is 
limited and the additional traffic 

could disrupt exisiting fishing and 
cargo use of the harbour. 

During the campaign an estimated six vessel 
refueling visits will be required at FIPASS, lasting 
approximately 6-20 hrs each. Consequently the 

disruption to other users is considered to be 
moderate given the limited space at FIPASS. 

The TDF has a Marine 
Superintendent to liaise with 

the Harbour Master, 
FIPASS management, 

Stanley Services and other 
users to keep everyone well 

informed. A harbour 
management plan has been 

produced.Management 
Plan. 

Low 

Severity Sensitivity Significance Certainty 

Minor Moderate MODERATE Certain 
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Aspect Source Activity Description Potential Effects and Significance 
Legislation/NEFL 
policy/Mitigation 

Residual 
Impact / 
Concern 

Unplanned 
Event 

Introduction of 
marine 
invasive 
species  

Non-native species may be 
transported and introduced 
through ballast water and 

biofouling on the hull of vessels. 

Marine invasive species typically impact inshore 
benthic communities of native species. Invasive 

species may not be evident for a number of 
years, but their long-term impacts could be 

severe and irreversible. Vessel will be required to 
follow IMO guidelines for ballast water and 

biofouling 

The Eirik Raude and 
support vessels will comply 

with IMO Guidelines. 
However, there remains a 
residual risk largely due to 

uncertainties in the 
assessment. Monitoring will 
be required to keep a check 
on the potential presence of 

marine invasive species, 
settlement plates will be 
attached to the TDF to 

provide an early warning. 
NEFL have an Exploratory 

Drilling Biosecurity 
Plan (BMP) in place to 

manage the risks. NEFL will 
also work within the 

Temporary Dock Facility 
Biosecurity Plan (BSP)  

Moderate 

Overall 
Impact 

Likelihood Significance Certainty 

Moderate Remote MODERATE Probable 

Crew 
Transport 

Generation of 
noise, flight 
path over 
sensitive 
seabird 

colonies and 
local 

communities 

Low flying helicopters over 
sensitive breeding colonies of 
penguins can invoke strong 

responses leading to trampling of 
adults, chicks and eggs. 

Helicopters may also be a 
nuisance to local settlements 

and disturb livestock on farms. 

The impact of a single helicopter is likely to be 
short-term and rapidly reversible. However the 

combined impact of numerous daily flights could 
have serious implications for the survival of 

moutling birds and young livestock. The severity 
to local residents is considered to be low and as 
direct flight lines do not pass over settlements, 
sensitivity is low. The risk assessment below 

pertains to seabirds and livestock. 

NEFL will use the flight 
avoidance map as the basis 
for flight planning, follow the 

FI Low Flying Handbook 
Guidance, and brief 

helicopter pilots in flight 
avoidance protocols.  

Low 

Severity Sensitivity Significance Certainty 

Moderate High MODERATE Certain 



 2015 Rhea-1 Exploration Well Environmental Impact Statement 
  Document No: 024-15-EHSR-EIS-PA-T4 

Revision 2.0, 7
th
 May 2                   Page 51 of 449 

Aspect Source Activity Description Potential Effects and Significance 
Legislation/NEFL 
policy/Mitigation 

Residual 
Impact / 
Concern 

General 
presence 
of industry 

Presence of 
oil industry 
could have 

adverse effect 
on tourism  

The presence of oil and gas 
activites in the Falkalnd Islands 
could have an adverse effect on 

the image as a wilflide 
destination.  

The drilling operation is currently planned to 
occur over the Falkland Islands winter, within the 
main drilling activity occuring offshore to the north 

of the Islands out of view of visiting tourists.  

The campaign is currently 
scheduled for the winter ï

spring months which is 
outwith the prime tourist 

season. 

Low 

Severity Sensitivity Significance Certainty 

Slight Moderate LOW Certain 

Unplanned 
Event 

Dropped 
object 

Large items that are accidentally 
dropped overboard during drilling 
operations could pose a hazard 

to trawl fishing in the area. 

Oil and gas industry historical data indicate that 
the risk of an incident is relatively low at about 1 
incident in 60 drilling campaigns. Annual fishing 
statistics show that there is very little fishing in 

the area. 

Best practise for preventing 
serious events will be 
followed during the 

campaign and include; 
secure all tools, material 

and equipment; take 
measures to prevent 

dropped objects when 
working over grating; 

remove tools on completion 
of the job; erect barriers 

around drop zones; inspect 
structures and equipment at 

risk of falling. 

Low 

Overall 
Impact 

Likelihood Significance Certainty 

Very Low Possible LOW Certain 
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Aspect Source Activity Description Potential Effects and Significance 
Legislation/NEFL 
policy/Mitigation 

Residual 
Impact / 
Concern 

Unplanned 
Event 

Accidental 
minor spill of 

diesel, oil, 
chemical 

during loading 
operations 

Release of contaminants leading 
to deterioration in seawater 
quality and toxic impacts on 

marine life. 

Diesel spill would only remain in surface waters 
for a short time, but releases toxic substances 
that will have small a localised impact on water 

quality, plankton, fish and squid. The presence of 
the rig may attract birds that are more vulnerable 
to toxic surface pollution and several species in 

the area are classifed as Endangered. 

All diesel transfer hoses will 
be fitted with dry-break 
seals, where possible, 

which will limit the amount 
discharged in the event a 

hose is accidentally 
disconnected. Additionally 
NEFL will provide working 
procedures which outline 
control and preventative 

measures.    

Moderate 

Overall 
Impact 

Likelihood Significance Certainty 

High Rare MODERATE Probable 

Unplanned 
Event 

Storm water 
overwhelming 

rig deck 
drains 

resulting in 
discharge of 
contaminated 

water 
 

Unplanned 
discharge 

from rig open 
or closed 

drain system 

Release of contaminants leading 
to deterioration in seawater 
quality and toxic impacts on 

marine life. 

Drainage management will be in place on the rig 
via processes and procedures to minimise 

overloading of the oily water separator during 
storms and heavy rain. 

NEFL will provide working 
procedures which outline 
controls and preventative 

measures.   

Low 

Overall 
Impact 

Likelihood Significance Certainty 

Low Remote LOW Certain 
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Aspect Source Activity Description Potential Effects and Significance 
Legislation/NEFL 
policy/Mitigation 

Residual 
Impact / 
Concern 

Unplanned 
Event 

Collision 
between 

support or 
supply vessel 
with marine 
mammals 

An increase in general shipping 
traffic throughout the campaign 
could lead to an increase in the 

risk of vessel collisions with 
marine mammals. 

Large numbers of marine mammals are present 
in inshore waters coinciding with the period of the 

campaign. Of these whales, sei whales are 
Endangered. The campaign will increase 

shipping near Stanley by 6%, however lack of 
historically reported incidents suggests that few 

collisions occur around the Falkland Islands. 

Mariners should be made 
aware of the issue and how 

it relates to the Falkland 
Islands (see IFAW (2013) 

leaflet). 
Along with the usual duties 

of a watch keeper, 
additional vigilance is 

required to detect cetaceans 
in inshore waters. 

Low 

Overall 
Impact 

Likelihood Significance Certainty 

Moderate Remote MODERATE Probable 

Unplanned 
Event 

Introduction of 
terrestrial 

alien species 
at laydown 

yard via 
equipment 
import from 

UK 

Risk of introducing invertebrates, 
seeds and soil (containing micro-

organisms) that can adhere to 
the outside of containers or be 
hidden in cargo. Species that 

may be transported in cargo from 
the UK are very likely to survive. 

If invasive species were introduced the impact 
through parasites, disease, competitors or 

predators may not be immediately evident. Long-
term implications could be severe and difficult to 
reverse.  Vessels will be arriving throughout the 
campaign and a large amount of cargo will be 
brought onshore. The introduction of invasive 
species has happened in industry elsewhere. 

All materials are clean when 
packed or loaded in the port 
of origin, particularly items 

of fresh fruit and vegetables. 
Personnel will be briefed on 

the significance of non-
native species. Falkland 

Islands Biosecurity 
Guidelines will be adhered 
to. Cargo will be inspected 

on arrival for biosecurity 
breaches. NEFL will also 

work within the Temporary 
Dock Facility Biosecurity 

Plan (BSP)  

Moderate 

Overall 
Impact 

Likelihood Significance Certainty 

Moderate Possible MODERATE Probable 
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Aspect Source Activity Description Potential Effects and Significance 
Legislation/NEFL 
policy/Mitigation 

Residual 
Impact / 
Concern 

Accidental 
Event 

 

Vessel 
collision in 

Stanley 
Harbour, 

potential for 
small leaks or 

tanks to 
overflow 

during re-
fueling 

leading to 
loss of diesel 

Whilst Stanley Harbour is not 
recognised as a habitat of great 
conservation value, it is home to 
steamer ducks and other coastal 
species, as well as Commersonôs 

dolphin, and is used 
recreationally by Stanley 

residents.  

Collision with a fully re-fueled vessel could lead 
to a total inventory loss of 800 tonnes diesel. This 

would be spread between various segregated 
tanks and would be very unlikely that all or any 

would be lost. However as a worst-case this 
could represent a sizeable spill in sheltered 

coastal waters. 

The same precautionary 
measures that apply to all 

vessels bunkering at 
FIPASS will apply to the rig 

supply vessels.  
A Harbour mangement plan 
and oil spill response plan 

are in place.  
The support vessels will be 
fully equipped to deal with  

spills offshore and the same 
equipment would be used to 

deal with small spills 
inshore. Oil spill respone 

equipment available at the 
TDF. 

Low 

Overall 
Impact 

Likelihood Significance Certainty 

Moderate Remote MODERATE Certain 
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Aspect Source Activity Description Potential Effects and Significance 
Legislation/NEFL 
policy/Mitigation 

Residual 
Impact / 
Concern 

Accidental 
Event 

 

Major loss of 
containment/ 
blow-out of 

hydrocarbons 

Prolonged release of crude oil to 
the water column which could 
impact water quality, plankton, 
benthic organisms, seabirds, 
marine mammals, fish and 
fisheries, coastal fauna and 

tourism. 

The predicted oil is very waxy and has a high 
viscosity and is expected to form waxy droplets 

on the surface following release. However, a 
lighter oil could be encountered. Impacts to 

plankton are considered to be short-term and 
recoverable.  Impacts to benthic filter feeders are 
unknown. Seabirds and marine mammals are not 
considered significantly at risk due to the semi-
solid nature of the wax droplets, although this 

may differ if a different hydrocarbon is 
encountered.  The direction of the prevailing 

conditions is likely to spread the spill over fishing 
areas and could result in short-term closed areas. 
The coastline of East Falkland is at greatest risk 
of beaching. The impact to tourism is considered 

to be major. 

The well design will be peer 
reviewed by NEFLôs well 
examiner and the Health 
and Safety Executive to 
ensure that the risk of an 
uncontrolled release is 

minimised. 
The well will be fitted with a 
blow-out preventer that will 
seal the well in the event of 

a major incident. 
NEFL is preparing an Oil 
Spill Response Plan that 

would initiate a tiered 
response in the event of a 

spill.  

Moderate 

Overall 
Impact 

Likelihood Significance Certainty 

Very High Remote MODERATE Probable 
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Aspect Source Activity Description Potential Effects and Significance 
Legislation/NEFL 
policy/Mitigation 

Residual 
Impact / 
Concern 

Accidental 
Event 

 

Loss of 
containment 
of WBM from 

the riser 

Increased turbidity in the water 
column, sedimentation leading to 
smothering of benthic organisms, 
modification of sediment particle 

size and habitat. 

Discharges would impact small areas of seabed 
and a small volume of water relative to the 

available habitat on the Northern Slope. Impacts 
would be short term, with potential for rapid 

recovery. Modification of sediments would persist 
for over 10 years in a very small area. 

Redundancy is designed in 
to ensure DP related 
equipment are always 

available. DP trials will be 
undertaken when the rig 

reaches location. An 
exclusion zone of 500m will 
be maintained. Mariners will 

be advised of the rig 
location to avoid collision, 
Meteorological analysis of 

extreme weather events will 
be assessed. Continual 
monitoring of long-range 
and short-range weather 

forecasts. 

Low 

Overall 
Impact 

Likelihood Significance Certainty 

Low Remote LOW Probable 

Accidental 
Event 

 

Loss of 
containment/ 

blow-out 

Waste management during 
clean-up 

If a major spill occurred, the clean-up operation 
would generate a large volume of hazardous 
waste (oil, contaminated materials, PPE etc.), 

which would have to be disposed of responsibly. 
This would potentially have a serious 

environmental impact in its own right but under 
the circumstances of a major incident, the impact 

would be relatively insignificant. 

Contaminated waste from a 
spill clean-up would be 
managed in line with 

NEFLôs Waste Management 
Plan. It is expected that 
waste of this kind will be 

exported to the UK 

Low 

Overall 
Impact 

Likelihood Significance Certainty 

Slight Remote LOW Probable 
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Aspect Source Activity Description Potential Effects and Significance 
Legislation/NEFL 
policy/Mitigation 

Residual 
Impact / 
Concern 

Accidental 
Event 

 

Loss of 
containment/ 

blow-out 

Air Quality would be affected by 
light oils, such as diesel, which 
evaporate quickly and release 
noxious compounds into the 

atmosphere. Heavier crude oil 
takes longer to breakdown and 
therefore releases gases slowly 

over a period of weeks or 
months. 

Following an oil spill, Volatile Organic 
Compounds, Polycyclic Aromatic Hydrocarbons, 

Hydrogen Sulphide and other noxious 
compounds are released, which all impact on air 
quality. In the offshore environment, atmospheric 

pollution is rapidly dispersed. 

The impacts of a blow-out 
would be far reaching but air 
quality was not deemed to 
be of great significance. 

Low 

Overall 
Impact 

Likelihood Significance Certainty 

Minor Low LOW Certain 

Accidental 
Event 

 

Major incident 
such as 

collision with 
another 
vessel 

resulting in 
loss of rig 
inventory 

Loss of the total diesel fuel 
inventory, 4,631m

3
. Resulting in 

release of contaminants and 
subsequent deterioration in 
seawater quality and toxic 

impacts on marine life. 

Spilt diesel only remains in surface waters for a 
short time, but releases toxic substances that 
would have a small localised impact on water 

quality, plankton, fish and marine mammals. The 
presence of the rig may attract birds that are 
more vulnerable to toxic surface pollution and 
several species in the area are classifed as 

Endangered. The risk to the coastline is slight as 
diesel quickly evaporates and disperses from 

surface waters therefore is unlikely to reach the 
coastline. 

An exclusion zone of 500m 
will be maintained. Mariners 

will be advised of the rig 
location to avoid collision. 
All vessels in the area will 
be informed of the rigôs 

position and intentions by 
radio broadcast and AIS. 
The ERRV will patrol the 
500m exclusion zone and 

ensure other vessels do not 
approach.  

Moderate 

Overall 
Impact 

Likelihood Significance Certainty 

High Remote MODERATE Probable 
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Aspect Source Activity Description Potential Effects and Significance 
Legislation/NEFL 
policy/Mitigation 

Residual 
Impact / 
Concern 

Accidental 
Event 

 

Major incident 
resulting in 
loss of rig 

Disruption to shipping in the area 

There is very little vessel traffic in the area. 
Mariners and FIGFD will be 
advised of the rig location to 

avoid collision. 
Meteorological analysis of 

extreme weather events will 
be assessed. 

Low 

Overall 
Impact 

Likelihood Significance Certainty 

Slight Very Low LOW Certain 
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2.0 Introduction 

This Environmental Impact Statement (EIS) presents the findings of the Environmental Impact 
Assessment (EIA) conducted by Noble Energy Falklands Limited (NEFL) for the Rhea-1 
exploration drilling operations in the North Falkland Basin (NFB). 

The project involves the drilling and abandonment of one exploration well to determine the extent 
of hydrocarbons in the Rhea-1 prospect, measure the formation characteristics and gain geological 
information. 

The project is located within Licence Block PL001, Quadrant 14 of the NFB, which straddles the 
boundary between the Falklands Interim Conservation Zone (FICZ) and the Falklands Outer 
Conservation Zone (FOCZ). The Rhea-1 well is located in the FOCZ, in a water depth of 470 m. 

2.1 Purpose of the EIA Process and the Environmental Impact Statement 

The aim of the EIA process is to assess the potential environmental impacts that could arise from 
the project and identify measures that will be put in place to prevent or minimise these impacts. 

The EIA process is integral to the exploration project, assessing potential impacts and challenging 
design and operational procedures to ensure that the residual impacts of the project are minimal. 
The process also provides for the concerns of stakeholders to be identified and addressed as far 
as possible at an early stage, and ensures that the planned activities comply with environmental 
legislative requirements and with NEFLôs Environmental, Health and Safety (EHS) policy. 

The EIS is a report summarising the EIA process and outcomes. It also includes details of how the 
project decision-making was undertaken and how environmental criteria were incorporated into 
that process. The EIS is submitted to the Falkland Islands Government (FIG) to inform the decision 
on whether or not the project may proceed, based on the acceptability or otherwise of the residual 
levels of impact, and is subject to formal public consultation. 

2.2 Scope of the Environmental Statement 

In March 2015, NEFL submitted an EIS for drilling two exploration wells in the Falkland Plateau 
Basin (FPB).  One of the two wells in this campaign will be drilled during May-June 2015, the 
Humpback-1 well, and NEFL have since decided not to drill the second well in the FPB and instead 
drill a prospect within the NFB, the Rhea-1 well. NEFL are partnering with Premier Oil, who are 
also drilling exploration wells in the NFB, to provide the drilling rig and support infrastructure 
required to conduct the 2015 exploration campaign.  The impacts associated with transporting the 
rig from South Africa to Falkland Islands waters have already been address by both NEFL and 
Premier Oil in their EIS submissions for their respective campaigns in the FPB and NFB, and 
consequently will not be repeated within this EIS. 

This EIS covers the impacts associated with the drilling of the Rhea-1 in the NFB location, and the 
transit of the rig to the new well location in the NFB. The activities associated with the Rhea-1 well 
can be summarised into the following categories: 

¶ Drilling operations ï physical presence and operation of the drilling rig, Eirik Raude; well 
design; mud system, drill cuttings, cementing and chemical discharge; waste production 
and management; 24 hour operations. 

¶ Shore base operations ï operation of the laydown yard; inshore vessel refuelling and 
loading activities; onshore workforce; waste production and management; 24 hour 
operations; onshore transportation. 

¶ Support operations ï supply vessel operations; transportation of equipment, supplies and 
the workforce to the Falkland Islands; helicopter operations. 
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The potential for unplanned or accidental events associated with all of the operational activities has 
been considered to ensure that sufficient mitigation and control measures can be put in place to 
prevent such events from occurring. 

2.3 Regulatory Overview 

This section provides a brief overview of the current legislation that governs oil and gas activities in 
the Falkland Islands.  Genesis (2013) conducted a thorough review of the legislation pertaining to 
the oil and gas industry in the Falkland Islands and this summary draws on the findings of that 
review. 

The FIG Department of Mineral Resources (DMR) is the regulatory body for offshore activities and 
is responsible for approving all applications. As a UK Overseas Territory, FIG shall also seek 
advice and consult with the UK Department of Energy and Climate Change (DECC) on proposed 
developments prior to approval being granted. In the absence of specific FIG guidance, the 
preparation of required consents shall be based on UK guidance issued by DECC, therefore the 
relevant legislation and guidelines applicable to oil and gas developments in the UK were also 
considered as part of the thorough review. 

Both the Falkland Islands and the relevant UK regulations that govern NEFLôs exploration 
operations are listed below, the relevant Falkland Islands national legislation are described more 
fully in the proceeding sections:  

Falkland Islands National Legislation 

¶ Offshore Minerals Ordinance 1994 (1997 & 2011 Amendments);  

¶ Offshore Petroleum (Licensing) Regulations 1995 and Offshore Petroleum (Licensing) 
Regulations 2000 including amendments made in 2004 and 2009;  

¶ Petroleum Survey Licences (Model Clauses) Regulations 1992;  

¶ Marine Environment (Protection) Ordinance 1995;  

¶ Deposits in the Sea (Exemptions) Order 1995;  

¶ Environmental Protection (Overseas Territories) (Amendment) Order 1997; 

¶ Marine Mammals Ordinance 1998;  

¶ Conservation of Wildlife and Nature Ordinance 1999; 

¶ Fisheries (Conservation and Management) Ordinance 2005; and 

¶ Endangered Species Ordinance 2003. 

UK and International Legislation 

¶ The Energy Act, 1976 (Amendment) Regulations 2008;  

¶ The Offshore Petroleum Production and Pipelines (Assessment of Environmental Effects) 
Regulations 1999 (amendment) Regulations 2007;  

¶ The Offshore Petroleum Activities (Conservation of Habitats) Regulations 2001 
(amendment) Regulations 2007;  

¶ Offshore Combustion Installations (Prevention and Control of Pollution) Regulations 2001 
(Amendment) Regulations 2007;  

¶ Offshore Chemical Regulations 2002 including amendments made by the Offshore 
Petroleum Activities (Oil Pollution Prevention and Control) Regulations 2005; The Energy 
Act 2008 (Consequential Modifications) (Offshore Environmental Protection) Order 2010; 
and The Offshore Chemicals (Amendment) Regulations 2011;  
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¶ The Offshore Petroleum Activities (Oil Pollution Prevention and Control) Regulations 2005 
(as amended Regulations 2011);  

¶ Offshore Installations (Emergency Pollution Control) Regulations 2002;  

¶ Offshore Marine Conservation of Habitat Regulations (2007, 2010);  

¶ The REACH Enforcement Regulations 2008;  

¶ The Fluorinated Greenhouse Gas Regulations (2009, 2015);  

¶ The Merchant Shipping (Oil Pollution Preparedness, Response and Co-operation 
Convention) Regulations 1998;  

¶ Greenhouse Gas Emissions Trading Scheme Regulations 2005;  

¶ The Merchant Shipping (Prevention of Pollution by Sewage and Garbage from Ships) 
Regulations 2008;  

¶ The Merchant Shipping (Prevention of Air Pollution from Ships) Regulations 2008;  

¶ Dangerous Substances in Harbour Regulations 1987; and 

¶ EU Ozone Depleting Substances (ODS) Regulation (EC) No. 1005/ 2009. 

2.3.1 Falkland Islands National Legislation 

Offshore Minerals Ordinance 1994 (1997 & 2011 Amendments) 

The Offshore Minerals Ordinance 1994 (The Regulations) provides the regulatory framework for 
requiring and undertaking an EIA and reporting it within an EIS in the Falkland Islands.  

These Regulations were amended by the Offshore Minerals Ordinance Amendment(s) 1997 and 
2011 and clarified through the development of ñGuidelines Notes for Industry - Guidelines Notes 
On The Production Of Offshore Environmental Impact Statements For Field Developments ï 2012ò 
issued by the Department of Mineral Resources (DMR). Schedule 4 of The Regulations provides 
further details on the expected content of an EIS. 

óThe Regulationsô relate to the granting and renewal of production consents for field developments, 
the drilling of wells and the construction and installation of production facilities and pipelines in the 
Falkland Islands Exclusive Economic Zone (EEZ).  

óThe Regulationsô require that any Operator who wishes to carry out those activities must first make 
an EIA of the activity and then present the conclusions in an EIS. The Operator must then submit 
the EIS to the DMR. 

On submission, the EIS is subject to formal public consultation. Operators are required to notify the 
public of the EIS submission by advertising submission in the local press. 

Once comments are included to the satisfaction of DMR, the EIS shall be considered at Executive 
Council where a decision on consent will be reached. Consent may be given or refused, or the 
consent may be subject to conditions that require modification to the activity to reduce impacts to 
the environment, remedy them or to offset them. The decision will be published with detail on the 
review of the EIS. 

Consent to begin any activity will not be given until the Governor is satisfied with the information 
provided and that there will be no significant impact on the environment. 

Offshore Petroleum (Licensing) Regulations 1995 and Offshore Petroleum (Licensing) 
Regulations 2000 (as Amended 2004 and 2009)  

These Regulations stipulate the licensing requirements for oil and gas exploration and production 
as well as fees, royalties and working obligations of the licence holder.  
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They further provide a detailed description on the licensing application process, the required forms, 
model clauses, fees, and other requirements, such as; maintenance, record keeping and reporting.  

The Offshore Petroleum (Licensing) Regulations 2000 provided open invitation for exploration or 
production licences for specific blocks. 

Petroleum Survey Licences (Model Clauses) Regulations 1992  

These Regulations describe the regulatory framework governing offshore exploration activities 
including: field observations, geological and geophysical investigations, the use of remote sensing 
techniques and sea floor sampling.  

These Regulations were made under the Continental Shelf Ordinance 1991 and were enforced by 
the Offshore Minerals Ordinance 1994. The 1992 Regulations were amended by Offshore 
Petroleum (Licensing) Regulations 1995. 

Marine Environment (Protection) Ordinance 1995  
Deposits in the Sea (Exemptions) Order 1995 
Environmental Protection (Overseas Territories) (Amendment) Order 1997 

The Marine Environment (Protection) Ordinance 1995 implements the conditions of the London 
Dumping Convention 1972 and prohibits, other than under licence, the deposition or incineration of 
deleterious materials in Falkland Islands waters. This legislation provides a system of licensing and 
licence offences with strict liability for certain loss or damage in relation to polluting incidents.  

The UK Environment Protection (Overseas Territories) Order 1988 was applied to the Falkland 
Islands by the Environment Protection (Overseas Territories) Order 1997. Although the 1997 Order 
is largely similar to the Falkland Islands Marine Environment (Protection) Ordinance 1995, if there 
is any contradiction between the two, the more stringent legislation will be applied.  

The Deposits in the Sea (Exemptions) Order 1995 is also largely similar to the Environment 
Protection (Overseas Territories) Order 1997, however, this order exempts 25 specified operations 
from the licensing requirements under the Marine Environmental (Protection) Ordinance.  

Deposits of sewage, domestic garbage, waste water generated from tank cleaning, ballast water, 
cooling water originating on the vessel are exempt from licensing requirements. Deposits of any 
substance during firefighting, normal navigation or maintenance, and salvage operations do not 
require a licence. Deposit of any chemicals, drill cuttings, or drilling mud in the course of drilling 
and production are also exempt under this Order but would be subject to regulation through other 
legislation. 

Marine Mammals Ordinance 1998  

Harming, taking or killing of any marine mammal (including whales, porpoises, dolphins, otters, 
seals, sea lions and elephant seals) or using explosives in such a manner that may cause harm to 
any marine mammal on land or in inland waters, territorial seas or any fishery waters of the 
Falkland Islands is prohibited under this Ordinance. Within this legislation, Falkland Islands waters 
correspond to the boundaries of the FOCZ.  

The import and export of any marine mammal or any part of a marine mammal, living or dead, 
without a licence is also unlawful according to this Ordinance. 

Conservation of Wildlife and Nature Ordinance 1999  

This Ordinance repeals the Wild Animals and Birds Protection Ordinance 1964, the Nature 
Reserves Ordinance 1964 and the Fisheries Ordinance. This legislation protects wild birds, wild 
animals and wild plants, by prohibiting certain activities and making provision for National Nature 
Reserves (NNR).  

According to this Ordinance it is prohibited to kill, injure, capture, replace, or disturb any protected 
wild animal, bird or plant without a licence. It also makes provision for the designation of NNRs on 
the seabed or land or private estate by agreement, with associated regulations for their 
preservation. Its Schedules also list protected bird, animal and plant species, which may not be 
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killed at any time as well as detail on relevant species that may be killed out with the timing of their 
closed seasons. 

Fisheries (Conservation and Management) Ordinance 2005 

The Fisheries (Conservation and Management) Ordinance 2005 extends the influence of the 
Conservation of Wildlife and Nature Ordinance 1999 beyond territorial waters to cover the entire 
FICZ and FOCZ. However, the primary role of the Ordinance is to protect fisheries resources in 
order to meet the reasonably foreseeable needs of future generations; and to avoid, remedy, or 
mitigate any adverse effects of fishing on the marine environment so far as is reasonably 
practicable to do so. 
 
The Ordinance has the following environmental and information principles: 

¶ Associated or dependent species shall be maintained at or above a level that ensures their 
long term viability; 

¶ Biological diversity of the marine environment shall be maintained; 

¶ Habitats of particular significance for fisheries management shall be protected; 

¶ Decisions shall be based on the best available information; 

¶ Decision-makers shall consider any uncertainty in the information available in any case; 
and 

¶ Decision-makers shall be cautious when information is uncertain, unreliable, or inadequate. 
 

Endangered Species Ordinance 2003  

The Endangered Species Ordinance 2003 upholds the Convention on the International Trade of 
Endangered Species (CITES) and controls the import and export of species listed under Appendix 
I, II and III of CITES.  

2.3.2 Hydrocarbons Development Policy Statement 2013 

In order to plan for the future development of the hydrocarbons industry in the Falklands, a policy 
statement to provide clarity on the purpose of hydrocarbon development and how the implications 
of developments will be managed was prepared. In 2013, the hydrocarbons development policy 
statement was released with the following eight recommendations:  

 
1. Hydrocarbons in Falkland Islands waters belong to the people of the Falkland Islands and 

their exploitation must be to the benefit of the people of the Falkland Islands, both those of 
today and future generations. 

2. The Falkland Islands Government will maintain constant supervision and control over all 
hydrocarbon activities within the Falkland Islands Designated Area. 

3. Petroleum discoveries must be efficiently managed and exploited to maximise economic 
recovery and to ensure the development of a long-term industry presence that will benefit 
the Islands for decades to come. 

4. Development of the hydrocarbons industry must ensure the protection and conservation of 
the Falkland Islandôs environment and biodiversity. 

5. Development of the hydrocarbons industry must take into consideration existing 
commercial activity and promote the development of local business capacity. 

6. The exploitation of finite natural resources will be used to develop lasting benefits to society 
across the whole of the Falkland Islands. 

7. Transparency and accountability must be present throughout the hydrocarbon development 
process from all parties involved. 

8. The Falkland Islands will only consider onshore hydrocarbon facilities if they are considered 
to be in the best interests of the Falkland Islands, and can be proven to satisfy all of the 
above policy goals. 
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2.4 Areas of Uncertainty 

A number of assumptions have been made to inform the EIA process as this EIS has been 
prepared during the design process for the Rhea-1 exploration well operation and consequently 
some areas have not yet been fully defined:  

¶ Site-specific environmental baseline surveys have not yet been conducted for the Rhea-1 
well location.  NEFL intend to conduct Remotely Operated Vehicle (ROV) surveys of the 
area prior to commencing drilling operations. The pre-drilling survey will comprise; 100 m 
radius ROV video inspection for habitat and species, such as potential biogenic reef 
communities; up-stream and down-stream (at 50 m, 100 m and 200 m) sediment samples 
collected using a specialist environmental ROV corer with samples analysed for 
macrofauna communities and physic-chemical properties. The video inspection survey will 
be analysed in real-time by RPS who have taxonomists experienced in the identification of 
Falkland Islands fauna. Prior to deployment to the rig, the RPS taxonomist will meet with 
experts, including from FIGFD, to receive local input. Should any sensitive habitats or 
species be identified, DMR will be notified and agreement to move the well location will be 
sought where necessary.  Should a new well location be necessary, an ROV survey would 
also be conducted at that location prior to drilling. Nevertheless, the absence of site-specific 
habitats, species and physic-chemical data from the vicinity of the Rhea-1 well during 
preparation of this EIA leaves a data gap in this assessment and consequently a 
precautionary approach has been taken for activities, such as the discharge of drill cuttings, 
which will impact benthic communities. 

¶ Final selection of offshore chemicals and the mud programme has yet to be confirmed;  

¶ The detailed drilling schedule has yet to be confirmed; 

¶ The type of hydrocarbon encountered whilst drilling the exploration well is unknown.  To 
account for this uncertainty two different types of crude oil have been assessed in the EIS.  
The first is based on the properties of the hydrocarbon characterised in nearby Sea Lion 
field, which is a heavy waxy crude, and the second is a lighter more volatile crude based on 
the characteristics of Ekofisk crude from the North Sea which is a typical light crude; 

¶ It is recognised that there remain gasp in knowledge regarding the biological environment 
of the NFB, and Falkland Islands waters in general, these include; littoral/sublittoral 
environments, offshore benthic ecosystems, oceanography in relation to oil spill modelling, 
seabird, pinniped and cetacean distributions.  

Where assumptions have been made the environmentally óworst-caseô option was assessed and 
where definition is missing worst-case estimates of emissions, discharge and other sources of 
interaction are used in the consideration of possible effects.  

2.5 Consultation 

2.5.1 Scoping Consultations Introduction 

NEFL conducted an EIA scoping exercise in September 2013 to raise awareness of its 2015 
exploration drilling campaign and to invite comment on the proposed programme and associated 
activities. A similar exercise was carried out by Premier Oil Exploration and Production Limited 
(Premier) in July 2014. Initial consultation meetings were held with DMR, statutory consultees and 
other interested parties, including: 

¶ Biosecurity, Department of Agriculture; 

¶ Environmental Planning Department; 

¶ Falkland Islands Residents; 

¶ Falklands Conservation; 

¶ FIFCA (Falkland Islands Fishing Companies Association); 

¶ Fisheries Department; 
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¶ Joint Nature Conservation Committee (JNCC) (Local Representative); 

¶ Public Works Department; 

¶ Shallow Marine Surveys Group; and 

¶ SAERI (South Atlantic Environmental Research Institute). 

These consultations provided stakeholders with an opportunity to enter into a discussion about the 
proposed NEFL and Premier campaigns so that any issues and concerns could be identified at an 
early stage and be considered within the scope of the respective EIAôs. Given the similarities 
between the Rhea-1 well operation and the Premier campaign wells with regard to location in the 
NFB, the rig, time of year, and in agreement with Premier and FIG, NEFL has utilised the Premier 
consultation outcomes, in addition to its own, to produce this EIS. Table 3 provides a summary of 
the comments, issues and concerns raised during the initial NEFL and Premier consultation 
meetings (summarised on a non-attributable basis), and the location in the EIS where those 
concerns have been addressed.  
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Table 3: Summary of concerns raised during the preliminary stakeholder consultations 

Consultation Main 
Activity 

Area of Concern ES 
Chapter 

NEFL  
Sept 2013 

Waste 
Management 

Concerns over the generation, storage and treatment/disposal 
of waste as there are limited reception facilities on the Islands. 

11 

NEFL  
Sept 2013 

Logistical 
support, 
ERRV & 
supply 
vessels 

Navigational risk associated with increased vessel traffic to/from 
the drilling unit. 

10 

NEFL  
Sept 2013 

Logistical 
support 

Limited emergency resources on the Islands in the event of an 
emergency/MedEvac Οsituation. 

N/A 

NEFL  
Sept 2013 

Drilling 
operations 

Potential for oil spills and accuracy of any oil spill modelling that 
is carried out. 

13 

NEFL  
Sept 2013 

Drilling 
operations 

Potential discharge of oil based mud (OBM) and discharge of 
drilling chemicals. 

12 

NEFL  
Sept 2013 

Drilling 
operations 

Potential disruption of fishing activities. 12 

NEFL  
Sept 2013 

Rig Transit, 
ERRV & 
supply 
vessels 

Bio-security ï risk of introduction of invasive species. 10 

PMO  
July 2014 

Pre-drilling 
Preparations 

Light and noise generation could affect seabirds as well as 
marine mammals.  We had considerable advice previously on 
potential for seabird species to crash into man-made objects at 
sea when confused by a combination of artificial light and low 
cloud/fog.  Many such events are documented including in the 
Falklands and South Georgia.  Suggest including references to 
protocols to reduce light impact. 

9.0 

PMO  
July 2014 

Drilling 
operations 

If flaring could occur, considerable detail on this should be 
included in the EIS. Will there be night flaring?  There is a high 
chance of killing seabirds if there is night flaring.  What 
mitigation is in place?  Reference previous Rockhopper EIS 
addendum on flaring. 

9.0 

PMO  
July 2014 Drilling 

operations 

The drilling mud and cuttings dispersion modelling report is of 
great interest to compare the effect footprint with the main 
fisheries in the area.  Suggested that using the fishing traffic 
reports could be a good proxy for fish abundance in key areas.   

12.0 

PMO  
July 2014 

Drilling 
operations 

Suggested that Premier and NEFL should coordinate efforts in 
monitoring the effects and distribution of cuttings material with 
Noble. 

14.2 

PMO  
July 2014 

Drilling 
operations 

Advised that water column effects of drilling discharges should 
not be underestimated.  It was suggested that mitigation 
measures such as fitting a diffuser device to the end of the 
cuttings discharge caisson, that could aid faster dispersion of 
the cuttings in the water column, should be considered. 

12.0 

PMO  
July 2014 

Monitoring  
The exploration drilling campaign provides opportunity to gather 
environmental data ahead of further development activities. 

14.2 
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Table 2 continued: Summary of concerns raised during the preliminary stakeholder consultations 

Consultation Main 
Activity 

Area of Concern ES 
Chapter 

PMO  
July 2014 

Logistical 
support, 
ERRV & 
supply 
vessels 

Additional supply vessel traffic could lead to crowding in 
Stanley Harbour, particularly during refuelling operations at the 
Falklands Interim Port and Storage System (FIPASS).  There 
are many other users of the Harbour, from cruise ships to 
fishing vessels. Periods of peak vessel movement will need to 
be considered in the development of a Harbour Management 
Plan. Depth restrictions in the Harbour could lead to limitations 
on multiple vessel manoeuvres, particularly through the 
Narrows. Premier Oil should liaise with the Harbour Master and 
FIPASS management regarding their vessel requirements to 
ensure smooth management.  

10.2 

PMO  
July 2014 

Logistical 
support, 
ERRV & 
supply 
vessels 

Physical presence of support vessels could impact seabirds and 
marine mammals by the generation of artificial light. 

9.0 
 and  
10.7 

PMO  
July 2014 

Waste 
Management 

NEFL should confirm that there is sufficient capacity within the 
Falkland Islands to handle expected quantities of non-
hazardous waste that is intended to be disposed of locally. 

11.0 

PMO  
July 2014 

Helicopter 
operations 

Recommend including a reference to avoiding low-flying over 
sensitive seabird colonies when flying over the Falkland 
Islands.  The MoD range and avoidance map has 
recommended flying heights over sensitive seabird colonies.  
Likely areas affected in the Stanley/East Falkland area are 
Kidney Island and Cochon Island, Volunteer Point area, the 
Seal Bay area and Eddystone Rock.  All have a restriction on 
flying below 1500ft. 

10.5 

PMO  
July 2014 

Shore Base 

It would be advisable to implement an invasive species 
monitoring plan for the temporary dock facility.  There are 
existing invasive species within Stanley Harbour such as the 
parchment worm, which has a wide distribution around the 
Falkland Islands and the vase tunicate which appears to be 
limited to the confines of Stanley Harbour and East Cove and 
may represent closed populations.  See Shallow Marine 
Surveys Group (SMSG) Survey Report Invasive Species 2011. 

10.4 

PMO  
July 2014 

Additional 
Data 

Suggested that Falkland Island Marine Biological Archive 
(FIMBAr) would be a useful source of information for species 
assemblages in Falkland Islands waters. 

5.4 

PMO  
July 2014 

Shore Base 
Who will be operating the temporary dock facility throughout the 
campaign? 

3 

PMO  
July 2014 

Waste 
Could the abattoir incinerator be used for inert non-hazardous 
waste to minimise waste being transported to the UK? 

11 

PMO  
July 2014 

Accommodat
ion 

At times during the last campaign, it was difficult for visitors to 
find vacant hotel accommodation in Stanley, due to the number 
of oil workers based in the town. 

10.8 

PMO  
July 2014 Rig 

NEFL are advised to inform the Fisheries Department of the rig 
locations in advance. 

3 
and 
14.2 
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Table 2 continued: Summary of concerns raised during the preliminary stakeholder consultations 

 General Public Comments 

NEFL  
Sept 2013 

Community 
Potential for conflict between incoming workers and local 
residents. 

10 

NEFL  
Sept 2013 

Resource Use 
Water requirements and potential impact on public water 
supply. 

10 

PMO  
July 2014 

Accommodation 

The drilling campaign will generate a demand for 
accommodation, from crew changes to emergency 
accommodation.  Premier Oil should have an 
accommodation plan in place before the rig arrives and 
should be able to demonstrate its procedures.  Local 
businesses met the demand for accommodation during the 
previous drilling campaign, and new houses were built. The 
new campaign could bring additional pressure on housing; 
although some pressure would have been there anyway.  
Is there an expectation that the campaign will bring families 
in or housesharing? Families will be healthy for the 
community even though this causes more pressure on 
resources at the beginning. Pressure on housing could 
also come from local businesses who may wish to bring in 
more employees. 

10.8 

PMO  
July 2014 

Accommodation 

During the previous drilling campaign the operators 
brought workers in to Shorty's and then sent them straight 
out to the rig. They also used óflotelsô as temporary 
accommodation vessels during the last campaign. 

10.8 

PMO  
July 2014 Accommodation 

If there has to be additional accommodation it would not be 
different to what happened during the last drilling 
campaign. People will just have to get their heads together. 

10.8 

PMO  
July 2014 

Shore Base 
During the previous drilling campaign there were water 
shortages at the supply yard. 

3.0 

PMO  
July 2014 

Local Business 

The use of charter flights to supplement flights for local 
Falkland Islanders on the previous campaign was seen as 
a benefit to the locals, but affected local business such as 
loss of booking fees. 

3.0 

PMO  
July 2014 

Community 
During the last exploration campaign lots of friendships 
developed.  

N/A 

PMO  
July 2014 Community 

During the last drilling campaign the fresh produce brought 
down to Stanley by the charter flight was very popular with 
the local community. 

3.0 
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3.0 Project Description 

3.1 Introduction 

Noble Energy Falklands Limited (óNEFLô) is planning to drill one exploration well in the North 
Falkland Basin (NFB) within Licence block PL001. The purpose of the drilling campaign is to 
evaluate exploration targets in the NFB that were identified during seismic interpretation.  The well 
location is named Rhea-1 and will be drilled during a 2015 exploration drilling campaign (Table 4 
and Figure 4).   

The exploration well will be drilled from the Eirik Raude drilling rig, which will be in Falkland Islands 
waters to conduct a joint 240 day drilling campaign shared by NEFL and Premier Oil. 

Table 4: NEFL exploration well location coordinates and sub-surface drilling target location (NFB). 

Well Name 
Approx. 
Water 

Depth (m) 

Well target location 
Coordinates* 

Licence Block Location  

Rhea-1 468 
49° 05' 24.9633" S  

59° 20' 8.3503" W 
PL001   

 
*Geodetic Information Transverse Mercator with a central 
meridian of -60 degrees 

Projection type Transverse Mercator 
Origin latitude 00Á 00ô 00.00ò North 
Origin longitude 060Á 00ô 00.00ò West 
Origin false easting 500,000.0 
Origin false northing 10,000,000.0 
Scale factor 0.9996 
Grid unit Metres 

3.2 Overview of Historical Drilling in the Licence Area 

Six exploration wells were drilled within the NFB during the 1998 drilling campaign (Sebald, Fitzroy, 
Braela, Little Blue, Galapagos, and Minke) including two wells in PL001 (Little Blue and 
Galapagos) and two wells in PL032 (Fitzroy and Sebald). While no commercial finds were 
discovered, five of the six wells had oil shows and live oil was recovered at surface. 

During the 2010-2012 Rockhopper drilling campaign, the Sea Lion well (14/10-2) was drilled, and 
declared an oil discovery.   Samples of crude oil were recovered from the well.  Since its discovery, 
Sea Lion has been appraised with a further six wells and extensive coring.  

At the time of preparing this report, the first of six wells during the 2015 drilling campaign 
(Zebedee, Premier Oil, PL004b) reported 81 feet of net-oil bearing reservoir and 55 feet of gas-
bearing reservoir.   
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Figure 4: Licence Block Location and the Rhea-1 Exploration Well Location 

 

Although it is likely that a hydrocarbon similar to that of Sea Lion crude will be encountered in the 
Rhea well, it should be noted that as this is an exploration well it is impossible to know the exact 
type of hydrocarbon until the well has been drilled. Additionally, as Rhea-1 is further away from the 
known discoveries, the degree of uncertainty increases. For the Rhea-1 well, it is anticipated that 
the well will encounter oil with some gas. 
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3.3 Schedule 

NEFL has planned the timing of the exploration drilling programme taking the following aspects into 
consideration: 

¶ Schedule constraints between NEFL and Premier Oil, the operators who have entered into 
a consortium agreement for the hire of the drilling rig; and 

 

The drilling rig has been contracted from March 2015 for a 240 day campaign, which will be split 
50%/50% between NEFL- Operated Joint Ventures and Premier Oil- Operated Joint Ventures.  An 
outline of the intended schedule is given below (Table 5) although this might be subject to change, 
dependent on final planning stages between NEFL and Premier Oil, and operations. NEFL will 
liaise with the Fisheries Department throughout the drilling programme and will notify the 
Department of rig moves and the new rig location in advance of the move. 

Table 5: Summary of proposed exploration drilling activities 

Activity Operator Start Date Duration 

Rig transits from West Africa and arrives 
in Falkland Island Waters 

Premier Oil 

01 February 2015 Approximately 38 days 

Drill and abandon Zebedee well 
06 March 2015 Approximately 30 days 

Rig move to next well location 

Drill and abandon Isobel Deep well 
08 April 2015 Approximately 30 days 

Rig move to next well location 

Spud Chatham well 24 April 2015 4 days 

Spud Jayne East well 27 April 2015 7 days 

Return to Isobel Deep well 03 May 2015 2.5 weeks 

Rig move to NEFL location 
NEFL  May-June 2015 Approximately 60 days 

Drill and abandon Humpback-1 well 

Rig move to Jayne East well location 

Premier Oil 

July 2015 Approximately 30 days 
Drill and abandon Jayne East well 

Rig move to Chatham well location 
August 2015 Approximately 30 days 

Drill and abandon Chatham well 

Rig move to NEFL location 
NEFL 

August / 
September 2015 

Approximately 38 days 
Drill and abandon Rhea-1 well 

Rig transits from Falkland Island Waters to West Africa November 2015 

 

3.4 Drilling Programme 

3.4.1 Drilling Rig  

The exploration drilling campaign will be conducted from the Eirik Raude semi-submersible drilling 
rig (Figure 5, Figure 6).  The rig will float on location, maintaining its position with a Dynamic 
Positioning (DP) system.  There will be no requirement to anchor the rig to the seabed during 
drilling operations. 

The Eirik Raude is designed to successfully operate in harsh environmental conditions and provide 
a stable platform from which to drill the wells.  The hull of the semi-submersible rig comprises six 
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vertical columns, which are designed to reduce the vessel óheaveô (vertical motion of the vessel in 
response to wave action) by reducing the area of hull in contact with the water. Three columns are 
fitted along either side of the rig and terminate in two underwater hulls / pontoons (Figure 5) which 
contain large tanks for ballast, fuel and fresh water.  The columns and pontoons provide buoyancy 
to keep the rig afloat, and some of the tanks can be flooded to lower the vessel to a sufficient depth 
in the water to maximize stability and minimize effects of wave movement whilst drilling. Measuring 
119 m in length by 86 m width the rig is capable of operating in water depth up to 2,500 m, which is 
well in excess of the water depth at the proposed drilling locations. 

The rig is self-propelled and will sail from its current location in West Africa to the Falkland Islands 
in early 2015 for the start of the campaign. NEFL and Premier Oil take the rig on hire once it sails 
from West Africa, with the hire period finishing when the rig has been returned to West Africa 
hence its activities from the point of hire until the rig leaves the Falkland Islands designated area 
falls within the scope of this impact assessment.  

Once in Falkland Islands waters the rig will move self-propelled between drilling locations. While at 
each well location the rig will maintain its position by deploying three transponders and potential for 
an additional tension line with a 465 kg clump weight to the seabed. The DP system of the rig uses 
the fixed point of the clump weight to maintain position by ensuring appropriate tension on the line. 
On completion of drilling operations at each well location the clump weight and transponders will 
be retrieved back to the rig. 

During drilling operations, a 500 m exclusion zone will be established around the rig to ensure safe 
operations and maintain safety for other users of the area. Unauthorised vessels including fishing 
vessels will not be permitted access to the area. The drilling rig will be equipped with navigation 
lights, radar and radio communications. A stand-by vessel will patrol the 500 m zone while the rig 
is on location.  Table 6 gives an overview of the rig systems and utilities. 

3.4.2 Wells Design and Drilling  

The wells will be drilled using a conventional rotary drilling system (Figure 7). This comprises: 

¶ The derrick mounted on the drill floor 

¶ A hoisting drum or draw works, mounted on the drill floor at the base of the derrick 

¶ A drilling line passing from the draw works to the top of the derrick through a system of 
pulleys known as the ócrown blockô, which is attached via another series of pulleys (the 
travelling block) to the hook.  

The system operates like a crane and can be raised and lowered within the derrick. 
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Figure 5: Eirik Raude semi-submersible drilling rig side view. 

 

Figure 6: Photo of the Eirik Raude semi-submersible drilling 
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Table 6: Drilling and utility systems on the semi-submersible drilling rig 

System Overview 

Operating Parameters Operating water depth ï 2,500m 
Self propelled transit speed ï 6 knots 
Dynamically positioned ï DP Class 3 
Helicopter deck 
Lifesaving ï 4 Norsafe lifeboats, 8 life rafts 

Drilling mud storage 
system  

Liquid mud tanks ï 1,657 m
3
 total capacity 

Bulk mud ï 4 tanks, 350 m
3
 total capacity 

Bulk cement ï 4 tanks, 350 m
3
 total capacity 

Base oil ï 406 m
3
 total capacity 

NOV automatic mud mixing system 
Free placement cement unit 

Drill cuttings treatment  Shale shakers ï 5 x VSM 300 units 

Well control system Blow-Out Preventer (BOP) ï Cameron 4 ram 18 3/4±. 15,000psi. 
Cameron multiplex BOP control system, with deadman system. 
BOP equipped with acoustic back-up system and ROV intervention. 

Power generation 6 main diesel powered engines 

Maximum diesel 
inventory 

4, 631 m
3
 

Diesel consumption During transit ï 120 tonnes/day 
Whilst drilling ï 50 tonnes/day 
On-standby ï 50 tonnes/day 
Refuelling approximately once per month dependent on location and activity 

Helicopter fuel Helicopter fuel will be stored in bunded tanks on the main deck. 
Maximum inventory would be approximately 8.1 m

3
 

Accommodation Maximum capacity ï 160 persons 
On-board potable water storage facilities 

Operational waste 
disposal 

There will be segregation of hazardous and non-hazardous wastes. 
Scrap metal and other solid operational wastes will be segregated and stored in 
designed skips for onshore recycling and disposal in the UK. 

Domestic and general 
waste disposal 

General waste from the rig will be sent to shore for treatment and/or disposal. 
Food waste will be macerated to acceptable levels prior to discharge in 
accordance with MARPOL 73/78 Annex V requirements. 

Sewage treatment Treatment with an approved marine sanitation until that achieves no floating 
solids, no discolouration of surrounding water as per MARPOL 73/78 Annex IV 
requirements. 

Drainage and oily 
water treatment 
systems 

The main deck and helideck have a contained drainage system, which routes to 
the drains. 
Drainage water is treated to remove oil content down to 15 mg/l of oil 
concentration and 20 mg/l of oil in water threshold (monthly weighted average) in 
accordance to MARPOL 73/78 Annex I requirements. 
Separated oil will be collected and stored in drums / transit tanks for shipping 
back to the UK/FI for disposal. 

Bilge water Treated to remove oil content down to 15 mg/l of oil concentration and 20 mg/l of 
oil in water threshold (monthly weighted average) in accordance to MARPOL 
73/78 Annex I requirements. 
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Figure 7: Conventional rotary drilling system diagram 
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Well Design 

The exploration wells will be drilled in three sections with decreasing diameter bore with increasing 
depth, 42ǌ diameter top section, 26ǌ diameter section for surface casing, 17 ½ǌ diameter 
intermediate section and a 12 ¼ǌ diameter objective section (Table 7, Figure 8).  

The lengths and diameters of each section of the well are determined prior to drilling and are 
dependent on the geological conditions through which the well is to be drilled. Once each section 
of the well is completed, the drill string is lifted and protective steel pipe or casing lowered into the 
well and cemented into place. 

The casing helps to maintain the structural strength of the hole and also eliminates mud losses 
from the well bore into surrounding rock formations. 

The first two sections of each well will be drilled with the drill string and drill bit left open to the 
seawater, consequently drilling mud and cuttings will be discharged straight to the seabed as there 
will be no means of containing them.  On completion of the top-hole section (42ǌ) the conductor 
casing will be cemented in place, this prevents drilling fluids circulating outside the casing and 
causing surface erosion. Surface casings are cemented into the second well section (26ǌ) to 
prevent hydrocarbons encroaching into freshwater zones in the formation. 

Prior to drilling the third section of each well a pipe known as a óriserô will be run and between the 
rig and secured to the top-hole conductor casing on the seabed, the drill string will then operate 
through the centre of the riser.  The riser provides a closed system through which the drilling mud 
can be circulated from the rig into the well (through the centre of the drill string) and subsequently 
returned to the rig in the space (or annulus) between the drill string and the riser casing / open 
hole. 

NEFL has included a contingency well section (8 ½ǌ) that would only be drilled if problems were 
encountered while drilling the 12 ¼ǌ section that meant it could not be completed successfully.  In 
this scenario, the contingency section would be drilled to the same total depth as the 12 ¼ǌ section 
and a further surface casing installed. The design for a typical well is shown below (Table 7).  

Table 7: Indicative well design and cuttings produced from the four planned exploration wells 

Hole Section 
(inches) 

Depth below 
seabed (m) 

Section Length (m) 
Casing diameter 

(inches) 
Casing section 

length (m) 

42  75 75 
36 x 30  

conductor 
75m 

26 800 715 
20  

surface casing 
~800m 

17 ½ 800 715 
13 

3
/8  

surface casing 
~800m 

12 ¼ 2,520 1,736 No casing No casing 
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Operato r: Rig Contractor:

Country: Rig Name:

Well Name: Rig Type:

Lease: Water Depth (meters):

Surface Loc: KB Elevation (meters):

RKB - ML (meters):

Bottomhole Loc: Ref: 

TD  Loc:

460 m MD
(75 m BML)

914 m MD Base Tertiary
889 m SS

Base Upp Creat

1185 m MD 17-1/2"  TD 1175 m MD
1160 m SS (790 m BML)

1780 m MD Top Deltaic
1755 m SS

1913 m MD Base Deltaic
1888 m SS

2930 m MD 12-1/4"  TD 2920 m MD
DM 2905 m SS (2520 m BML)

Falkland Islands Eirik Raude

Premier Ocean Rig

385

49Á 38ô S / 59Á 01ô W Isobel Deep

Isobel Deep DP Semi-Sub

PL004a 360

49Á 38ô S / 59Á 01ô W 25

CASING DETAILS

LITHOLOGY
381.5m MD

ANTICIPATED

20" 0.812" X56 H60M 

MT

20" x 13-3/8" X/O

13-3/8" 72 ppf P110 

Vam Top

MD/TVD SS

FORMATIONS 18 3/4" HP Hsg Sett ing  Depth Size, Weigh t,

MD/SS Grade, Con n

1 x 36" 2.0" WT X56 

LPWHH HC100D MT

1 x 2.0" x 1.5" X56 X/O

3 x 1.5" X56 Int Jnt D90 

MT

1 x 36" x 30" Shoe Jnt

 

Figure 8: Wellbore Schematic for the Isobel Deep well 
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3.4.3 Mud System, Cuttings, Cementing and Chemical Discharge 

During the drilling operations, drilling mud is pumped through the centre of the drill string down to 
the drilling bit. Once the riser has been installed the mud can circulate in the closed system and 
return back to the rig through the annulus between the drill string and riser. The recovered mud is 
passed through a mud recovery system on the rig, which removes the solid drill cuttings prior to re-
use. 

Drilling mud is essential to the drilling operation as it performs the following functions: 

¶ The hydrostatic pressure generated by the mudôs weight controls the down-hole pressure 
and prevents formation fluids from entering the ówell boreô. 

¶ It ósweepsô up the rock cuttings from the bottom of the hole and carries them to the surface. 

¶ It lubricates and cools the drill bit and string. 

¶ It deposits an impermeable cake on the wall of the ówell boreô effectively sealing and 
stabilising the formations being drilled. 

A variety of chemicals may be added to the drilling mud to control a number of conditions: 

¶ Fluid loss control - The layer of mud (wall cake) on the wall of the ówell boreô retards the 
passage of liquid into the surrounding rock formation. In water-based muds, bentonite is the 
principal material for fluid loss control although additional additives such as starch and 
cellulose, all naturally occurring substances, are also used. 

¶ Lubricity - Normally drilling mud alone is sufficient to adequately lubricate and cool the bit. 
However, under extreme loading, other lubricants are added to prevent the drill string from 
becoming stuck. 

¶ pH control - Caustic and lime are used to control the alkalinity of the mud to a pH of 9 to 10. 
This ensures the optimum performance of the polymers in the mud and controls bacterial 
activity. 

¶ Pressure control - Barite (barium sulphate) is generally used as a weighting agent to control 
downhole pressure.  

¶ Lost circulation - When drilling through some formations mud can be lost through fissures in 
the surrounding rock reducing the volume of mud returning to the rig to be cleaned and 
reused. Naturally occurring fibrous, filamentous, granular or flake materials are used to stop 
lost circulation when the drill bit enters a porous or fractured formation. Typical materials 
include ground nut shells and mica. 

Two major types of mud are currently typically used in offshore drilling: 

¶ Water Based Mud (WBM) ï water forms the continuous phase of the mud (up to 90% by 
volume); 

¶ Low Toxicity Oil Based Mud (LTOBM) ï base oils refined from crude oil form the continuous 
phase of the mud.  

For simple vertical exploration wells, WBM is typically used, and will be used in this campaign. 
These drilling fluids and associated solids may be discharged to sea under permit, and additional 
volume can also be built on the rig. The drilling fluid system used in previous wells within the 
Licence Blocks PL032, PL004, was a water / glycol based polymer mud system, which will be very 
similar to the muds used on the proposed wells. These fluids provided an acceptable level of 
chemical inhibition for the formations encountered. 
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Water base mud properties for the 2015 exploration campaign will be selected on the basis of 
historical drilling experience in the licence blocks. Consequently a water based mud based on the 
following generic components will be selected: 

¶ KCI based fluid for chemical inhibition; 

¶ Viscosifier for pressure regulation; 

¶ Mud filtrate reduction, and filtrate control agents; 

¶ Oxygen scavenger for corrosion control; 

¶ pH buffer to regulate pH; 

¶ Polymer addition for clay cuttings encapsulation; 

¶ Glycol for hydrate suppression and fluid lubricity; 

¶ Lime, for H2S neutralisation, should it be present (not expected). 

Specific drilling and completion chemicals have not been finalised at the time of writing this EIS 
(May 2015), however, all chemical additives will be selected to minimise the potential 
environmental impacts as much as possible. The vast majority (by volume) of planned chemicals 
have a Harmonised Offshore Chemical Notification Scheme (HOCNS) category of óEô (which are of 
low aqua toxicity, readily biodegradable and non-bioaccumulative) and are naturally occurring 
products (e.g. barite) that are either biologically inert or readily dispersible or biodegradable. The 
HOCNS is used by the UK and Netherlands governments to manage the chemical use and 
discharge by their offshore petroleum industries.  

Drilling muds for each hole section for the proposed wells are described below and summarised in 
Table 8. 

42" Hole Section and 26ǌ Hole Section 

The two top-hole sections will be drilled with seawater and bentonite viscous sweeps, with drilling 
mud and cuttings being discharged directly to the seabed. Bentonite viscous sweeps will be 
circulated to remove debris and residual fluids. Bentonite is the preferred viscous sweep material; 
this has been selected for its wellbore óplasteringô properties, which reduce the risk of large 
washouts. 

Once the 42ǌ section has been drilled to the total depth, the hole will be displaced to 10.5 ppg mud, 
to maintain wellbore stability prior to running the conductor. On completion the 26ǌ will be 
displaced to 11 ppg (pounds per gallon) mud, to maintain wellbore stability prior to running the 
13 3/8ǌ surface casing. 

17 ½ǌ, 12¼ǌand 8½ǌ Contingency Hole Sections 

The 17 ½ǌ and 12 ¼ǌ section will be drilled with water base mud, which will be recycled and 
maintained in good condition throughout the operation. The mud and suspended cuttings will be 
processed on the platform through screens called óshale shakersô to maximise recovery of the mud. 

It is not currently planned to drill an 8½ǌ section but if problems are encountered while drilling the 
12 ¼ǌ section, it may be considered. A contingency 8½ǌ section is included here for completeness. 
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Table 8: Estimated Total Quantity of Mud and Cuttings Discharged per Exploration Well 

Hole Section 
(inches) 

Mud type Mud weight 
Cuttings 

generated 
(tonnes) 

Mud 
discharged 

(tonnes) 

Cuttings 
discharge 

point 

42  
Seawater with 

bentonite 
sweeps 

Seawater 
displaced to 

10.5 ppg mud  
182 229 

Direct to 
seabed 

26 
Seawater with 

bentonite 
sweeps 

Seawater 
displaced to 
11 ppg mud  

357 342 
Direct to 
seabed 

17 ½ 
Seawater with 

bentonite 
sweeps 

Seawater 
displaced to 
11 ppg mud  

348 482 
Direct to 
seabed 

12 ¼ 
High 

performance 
WBM 

9.3 ï 9.6 175 415 
At sea surface 

from the rig 

Total (contingency section not included) 1,062 1,468  

 

Cementing Chemicals 

Cementing chemicals will be used to seal the well casing in place and provide cement design 
support by: 

¶ Obtaining a strong casing shoe, and isolating all weaker formations drilled in the previous 
hole section; 

¶ Providing structural support; 

¶ Providing annular isolation of permeable formations (where allowed by trapped pressure 
considerations). 

As for the chosen drilling muds, all cementing chemicals will be selected to minimise the potential 
environmental impacts as far as possible. The vast majority (by volume) of planned chemicals 
have a HOCNS category of óEô (which are of low aqua toxicity, readily biodegradable and non-
bioaccumulative). Standard cement slurries will be used, and an alternative óblendedô solution will 
be developed for 36ě and 13 3/8ě section. The 12 ¼ě open hole will be plugged with standard 
cement, which is commonly used in the North Sea (Table 9). 

Table 9: Indicative well design and cuttings produced from the four planned exploration wells 

Casing Size 
(inches) 

Cementing 
Method 

Slurry Density 
(ppg) 

Planned Top of 
Cement 

Verification 
Method 

36 x 30 conductor Inner String 13.2 Seabed Returns observed 
with ROV. Possible 

use of pH meter. 
13 

3
/8 

Surface casing 
Inner String 15.8 Seabed 

3.4.4 Well Control and Blow-out Prevention 

In addition to careful monitoring and control of the fluid system and installation of casing in each 
section of the well, a blow-out preventer stack (or BOP) consisting of a series of individual 
preventers will be installed on the wellhead at the seabed after the top hole sections have been 
drilled. 

The function of the BOP is to prevent uncontrolled flow from the well by positively closing in the 
well-bore, if flow from the well-bore is detected. The BOP is made up of a series of hydraulically 
operated rams and can be operated in an emergency from the drill rig. 



 2015 Rhea-1 Exploration Well Environmental Impact Statement 
  Document No: 024-15-EHSR-EIS-PA-T4 

Revision 2.0, 7
th
 May 2  Page 81 of 449 

The well is not anticipated to encounter any zones of abnormal pressure and the BOP will be rated 
for pressures well in excess of those that might be encountered in the wells. 

During drilling operations small amounts of BOP water-based hydraulic fluid are typically 
discharged every week, during testing of the BOP. 

 

 

Figure 9: Eirik Raude Blow-out Preventer Spaceout Diagram 
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3.4.5 Well Evaluation 

3.4.5.1 Logging and Coring 

Formation properties will be measured and logged by LWD (Logging While Drilling) tools integrated 
into the bottom-hole-assembly (lower portion of the drill string including the drill bit).  Wireline 
logging tools will be used to further evaluate the well.  If the results of logging indicate a potential 
for hydrocarbon bearing formations, it may be considered necessary to collect rotary side wall 
cores and formation fluid pressures and samples.  If it is determined to collect whole core from the 
objective, it will via an optional by-pass borehole.   

3.4.5.2 Well Testing 

Well testing is not part of the base case design for this campaign. 

3.4.6 Vertical Seismic Profiling 

Vertical seismic profiling (VSP) will be conducted as part of the evaluation to correlate the actual 
data collected by the down-hole well logging process to the surface acquired seismic data. VSP 
combines the precise lateral control of surface seismic with the fine vertical resolution of down-hole 
logging techniques, and can be used to óground-truthô the historical seismic data.  

VSP comprises an airgun (10 to 150 Hz) that will be deployed over the side of the rig using the rig 
crane and a geophone receiving device.  The VSP will take approximately 12-18 hours with guns 
being fired 3-5 times every 10-15 minutes during that window. JNCC guidelines for seismic surveys 
will be employed during the survey, with designated spotters on the rig for the presence of marine 
mammals.  The operation will commence with a soft start to ensure that any marine mammals 
within hearing range of the guns, but not visible to the eye, would be given sufficient warning 
before the guns reach full capacity and are able to move out of the area. 

3.4.7 Well Abandonment 

After TD logging, the wells will be plugged and abandoned. The plugging and abandonment will be 
achieved by setting cement plugs across all open hole permeable formations, and then setting an 
additional cement plug inside the 20ǌ and 13 3/8ǌ casing. The abandonment design will comply with 
the UKOOA Guidelines for the Abandonment and Suspension of Wells, and ensures that 
independent cemented barriers are provided against all permeable and over-pressured formations. 
The number of cement barriers placed in the well bore will depend on whether hydrocarbons are 
encountered, the presence of hydrocarbons requiring more barriers.  A maximum of 5 cement 
plugs would be set in the well if hydrocarbons were found, each plug being 250m in length and 
comprising approximately 5 tonnes of cement per plug. 

Prior to leaving the location, the wellhead will be cut approximately 3 m below the seabed, and 
recovered to surface. An ROV seabed clearance survey will then be conducted, to confirm that the 
seabed is clear of debris. 

3.4.8 Drilling Support 

Drilling operations will be supported by a supply base or laydown yard of approximately 40,000m2 
near Stanley, current laydown yard plans are shown below. NEFL and Premier Oil will share the 
yard space during this drilling campaign. The exploration campaign supply base is anticipated to 
comprise: 5-7 Boxer Bridge, 9-13 Coastal Road and 33 Coastal Road as indicated below in Figure 
10. The supply base will be supported by workforce of up to 30 workers, comprising a mix of local 
workers and some workers from the UK. 
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Figure 10: Laydown Yard east of Stanley 

There will be a pool of coaster vessels, which will keep the supply base stocked from the UK and 
return any waste or equipment no longer required back to the UK. It is expected that each vessel 
will make one return journey from the UK to the Falkland Islands to deposit and collect cargo. 

The drilling rig will also be supported by two platform supply vessels operating out of the supply 
base, to the East of Stanley, which will keep the rig stocked with the items needed to carry out its 
operations. Supply boats are expected to transit between the supply base and the rig once a week 
during operations plus any additional journeys that may be required.  The supply vessels will re-
fuel at FIPASS following each visit to the rig once a week. 

In addition, an Emergency, Response and Rescue Vessel (ERRV) will be stationed in the vicinity of 
the rig for the duration of the drilling programme. An ERRV must be able to accommodate the 
entire complement of the rig and, if required, will come alongside the rig to assist.  

Three helicopters will be support the rig operations primarily for routine maintenance, crew change 
transfers, and/or any emergencies that require air-lifts. It is anticipated that the helicopters will be 
stationed at Stanley airport and that crew changes will be undertaken every two weeks, changing 
out approximately 60 personnel from the rig to Stanley airport each time. 

Crews will then be transported to Mount Pleasant Complex (MPC) via road vehicle, most likely a 
coach.  

A fixed-wing charter flight will run fortnightly to coincide with the crew change from the rig and will 
depart from MPC travelling to London.  Freight options may be available for non-oil field cargo on 
the charter flight. 

Drilling operations will require large quantities of fresh water as potable water for the 
accommodation on the rig as well as for preparation of the drilling mud. The majority of drill water 
will come from domestic supply. The Temporary Docking Facility (TDF) contains freshwater 
storage tanks which will be constantly trickle-fed with water from the Moody Brook reservoir. This 
will disconnect any peak in campaign demands from the supply to Stanley. Potable water will be 
ómade-upô on the rig by taking seawater and processing it to make it drinkable.   

The Falkland Islands Government are currently progressing plans to supplement the water supply 
from Moody Brook with a new supply from the Murrell River. This will involve construction of a 
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small barrage across a tributary of the Murrell River, where an off-take will pump to join the existing 
main from Moody Brook. This new source will offer both reduced energy needs for pumping 
relative to Moody Brook (due to much reduced pumping head) and also the potential for virtually 
direct supply of untreated water to the new port via storage tanks placed on the new main pumping 
route should this be desired. Latest discussions with FIG indicate that the reservoir is likely to be 
completed be the third quarter of 2015, in time for the summer months when demand levels are 
increasingly becoming too high during summer relative to the amount of water available from 
Moody Brook. The Murrell River reservoir may be online in time for the Rhea-1 exploration well but 
this is not a prerequisite for drilling, the current (Moody Brook) supply is sufficient to meet the 
needs of Stanley and trickle feed the TDF, to supply the drilling campaign.   

Table 10: Approximate rig and support vessel movements during NEFL 2015 Exploration 
Campaign  

Vessel/transport movements Frequency Duration  
(days / hours) 

Drilling rig operations (Eirik Raude) 1 38 days 

Drilling rig transit 1 1 day 

Coaster supply vessels from UK 3 60 

Charter flights to/from UK to MPC 3 36 hrs round trip 

Helicopter ï rig support and crew change  40 3 hrs round trip 

Helicopter ï emergency response  5 test flights 3 hrs round trip 

OSV/PSV ï from Stanley to rig 45 1.25 

ERRV ï alongside rig 1 38 days 

Onshore minibus transport ï crew change support between 
MPC and Stanley (15 minibusôs x 3 crew changes) 

45 2 hrs round trip 

3.4.9 Estimated Quantities of Residues and Emissions Resulting from the Project 

In line with Paragraph 1, sub-paragraph 4c of Schedule 4 in the Offshore Minerals (2011) 
Ordinance, characterisation and quantification of the expected residues and emissions resulting 
from the Rhea-1 well operation are provided in Table 11: 

Table 11: Estimated Quantities of Residues and Emissions Resulting from the Project 

Type of Emission or Residue  Quantity of Emission or 
Residue (unit) 

EIS Chapter Detailing 
Full Characterisation 

and Quantification 

Rig, Drilling on DP noise Level at Source  188 (dB re.1ɛPa) Chapter 7 

Rig, Drilling on DP noise Level at 500m  134 (dB re.1ɛPa) Chapter 7 

VSP noise Level at Source  240 (dB re.1ɛPa) Chapter 7 

VSP noise Level at 500m  N/A (directional noise)  Chapter 7 

Atmospheric emissions  37,071  (tonnes CO2e) Chapter 8 

Offshore Light Emission  Estimated 30 kW Chapter 9 

Hazardous Waste  25,280  (kg) Chapter 11 

Non-Hazardous Waste  48,753  (kg) Chapter 11 

Grey Water  1,177  (m
3
) Chapter 11 

Black Water  157  (m
3
) Chapter 11 

Drill cuttings  1,062  (tonnes) Chapter 12 

Drilling mud  1,468  (tonnes) Chapter 12 
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3.4.10 Temporary Dock Facility (TDF) 

In support of both the NEFL and Premier Oil 2015 exploratory drilling campaign a Temporary Dock 
Facility (TDF) was constructed in Stanley harbour.  The TDF will be used for loading supplies onto 
the two rig supply boats.  

The TDF has been the subject of a separate environmental and social impact assessment and 
Environmental Statement prepared by NEFL (Ref: 221-13-EHSR-ESH-PA-T4) and consequently 
any impacts associated with the TDF will not be included in this ESIA. The location of the TDF is 
shown below in Figure 11. 

3.5 Project Alternatives  

3.5.1 Alternatives to Drilling Location 

Processed and interpreted seismic data are used to indicate areas where hydrocarbons may be 
trapped in oil or gas-filled geological structures. Many complex factors dictate the location of oil 
wells (e.g., geology, topography, communications and engineering technology), meaning only a 
few viable alternatives can be considered.  Rhea-1 was chosen as the PL001 drill target for this 
campaign as it indicates the highest potential for hydrocarbons in the license area, based on 
rigorous seismic data interpretation and information currently available.  Information gathered in 
drilling the well will give a better understanding of the seal, stratigraphy, reservoir quality, and 
depositional environment, and will help calibrate seismic data.  These data will help identify drill 
targets for potential future campaigns. 

3.5.2 Alternative Drilling Units  

There are alternative designs of mobile offshore drilling unit (MODU) available for hydrocarbon 
exploration offshore; jack-up rigs, semi-submersible rigs and drill-ships are three of the most 
common. 

Given the variance in water depths across the 2015 exploration campaign, previous operator 
experience, the environment within which operations will occur and suitable rig availability, an 
assessment of available rigs indicated that the Ocean Rig Eirik Raude DP semi-submersible 
drilling unit is the optimal and viable option (refer to Section 3.4.1) for this campaign.   

3.5.3 No Action Alternative 

The implications of not proceeding with an exploration-drilling programme mean that the potential 
environmental and socio-economic impacts (both positive and negative) from drilling operations will 
not occur.  The offshore environment may not necessarily maintain its current baseline condition, 
as impacts from routine vessel activity, such as waste water discharge, fall- out of atmospheric 
pollutants and ballast water discharge are still likely to take place offshore.  The potential financial 
and social-economic benefits of oil and gas production will also not be realised. 

As described in this document, the exploration-drilling project is technically feasible.  On the basis 
of the impact assessment presented within this document and the associated mitigation measures, 
it is not considered that the residual impacts warrant a cancellation of the drilling programme. 

The project is also in line with the long-term plans of FIG to work towards a successful and 
sustainable hydrocarbons industry in the Falkland Islands. 
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Figure 11: Location of the Temporary Dock Facility 
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4.0 Environmental Management System 

As a subsidiary of Noble Energy Inc., Noble Energy Falklands Ltd. (NEFL) adheres to the Noble 
Energy Global Environmental, Health and Safety (EHS) Management System (hereafter referred to 
as the GMS) and aims to conduct its business in a manner that protects the environment and the 
health and safety of all employees and the public.  

4.1 Noble Energy Environmental, Health and Safety Policy 

Noble Energy will conduct the exploration drilling operations in a manner consistent with the EHS 
Policy Statement (Figure 12), which is endorsed by the Noble Energy Environmental, Health, 
Safety and Regulatory Vice President. The EHS policy states NEFLôs intention to conduct its 
business in a manner that safeguards people, the environment and surrounding communities. The 
policy statement is supported by the GMS standard that further defines Noble Energyôs EHS 
responsibilities in relation to its business activities. 

Specifically, the GMS makeôs the following commitments: 

Principles  

¶ Leadership: demonstrated through high expectations and personal ownership, 
responsibility and accountability for EHS performance  

¶ Performance: promoted through positive interaction with people and our environment on a 
daily basis to achieve excellence  

¶ Excellence: advanced through genuine care and compassion for our fellow man and the 
environment leading to a strong EHS culture  

¶ Culture: fostered through interpersonal relationships, teamwork and common beliefs; 
communicated repeatedly, consistently and accurately  

Vision  

¶ Demonstrate leadership in safety and environmental management, continuously decreasing 
the risk of injury, illness, and environmental impact.  

Values  

¶ Integrity: we are committed to conducting our business with integrity, respect and ethical 
standards.  

¶ Teamwork: we are committed to supporting and implementing a team-oriented work 
environment, ensuring cooperation, communication and professionalism.  

¶ Process: we will continuously challenge existing ideas and best management practices to 
provide high EHS standards in all of our operations.  

¶ Accountability: we will provide a fair appraisal of our safety and environmental activities and 
foster a culture that encourages individual responsibility for safety and environmental 
leadership in each organisational unit.  
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Figure 12: Noble Energy Environmental, Health and Safety Policy 

4.2 NEFL Energy Global EHS Management System 

The Noble Energy GMS applies to all business activities associated with NEFL assets, projects 
and operations. Noble Energy is committed to ensuring that all activities within the life-cycle of a 
project/operation are carried out in compliance with the relevant international and national 
legislation and with the GMS to ensure sound environmental management. In the absence of 
national legislation or local authority regulatory control within the host-country, Noble Energy will 
endeavour to utilise best industry practise.  
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The Noble Energy GMS has been developed in line with: 

The Noble Energy EHS Policy Statement;   

The Global EHS Management System Standard (EHS.MS.001 Rev 02); 

The environmental components of the GMS integrate elements from: 

The US Environmental Protection Agency (EPA) Risk Management Planning (RMP) Rule; 

ISO 14001: 2004; and 

International Finance Corporation (IFC) and World Bank Group (WBG) EHS Guidelines.  

The GMS comprises 14 key elements which sit within the óPrepare, Execute, Verify, and Performô 
model (Figure 13). The purpose, scope, key requirements and high-level roles and responsibilities 
associated with each element are provided in the GMS standard. The intention and key 
commitments associated with these guiding principles are summarised in Table 12. 

 

Figure 13: Global EHS Management System 14 Element Review and Monitoring Cycle 
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Table 12: Summary of Global EHS Management System Elements 

MS 
cycle 

Element Element Category Element Description 
P

R
E

P
A

R
E

 

1 

Management 
Commitment and 
Employee 
Participation 

Intends to ensure that clear and consistent expectations of personnel are established. Key commitments are: 

¶ To provide leadership and resources for protecting the health, safety, environment and social aspects of 

business; 

¶ To maintain high ethical standards;  

¶ To ensure implementation of the Global EHS-MS;  

¶ To assign and notify each employee of their responsibilities with regard to implementation of the GMS;  

¶ To measure performance of the EHS-MS; 

¶ To develop goals, objectives and targets, consistent with the Policy Statement through the assessment of 

inherent environmental, health, safety and social risks and to communicate these the personnel, 

stakeholders and the public; and 

¶ To meet the goals, objectives and targets by developing effective management control plans, programs, 

and activities.  

2 
Legal Aspects and 

Document ControlΟ 

Intends to ensure identification and implementation of all responsibilities and requirements for each area of 
activity. Key commitments are: 

¶ To comply with all regulations in each country where Noble Energy conducts business;  

¶ To apply best practice in the absence of host country regulations; and 

¶ To document all identified risks, the associated responsibilities and requirements and all management 

control activities performed in support of compliance.  

3 
Safe Work and 

Operating PracticesΟ 
Intends to ensure the development of Safe Work and Operating Practices for Noble Energy personnel and 
recognises that third-party contractors will follow their own Safe Work and Operating Practices. 

4 
Process Safety and 
Environmental 
Information  

Intends to ensure that information relevant to each activity that carries EHS impacts and risks is established 
and documented. Key commitments are: 

¶ To identify and evaluate all risks inherent to an operation using industry best practice assessment 

methods;  

¶ To reduce all identified risks to the most feasible level at the design stage;  

¶ To manage risks in accordance with risk severity and operational controls in the operational stages;  

¶ To maintain information on the significant environmental aspects and related actual or potential impacts 

at all facilities or appropriate field offices 
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Table 12 continued: Summary of Global EHS Management System Elements 

MS 
cycle 

Element Element Category Element Description 
P

R
E

P
A

R
E

 

5 

Emergency 
Preparedness and 
Community 
Awareness  

Intends to ensure preparation for potential emergencies that threaten the health and safety of personnel, the 
environment and/or sustainability and to ensure consideration of the relevant communities. Key commitments 
are: 

¶ To ensure implementation of preventative controls at all times and to deploy mitigation controls in a timely 

and effective manner in the event of an emergency situations to limit the extent of damage to persons, 

property or the environment; and 

¶ To develop Incident Management Plans (IMP) at the corporate level and for each operation. Operational 

IMPôs include, but are not limited to, the development of an Oil Spill Contingency Plans.Ο 

E
X

E
C

U
T

E
 

6 
Safety and 
Environmental 
Training  

Intended to ensure that all Noble Energy personnel are adequately and properly trained with regard to the 
potential environmental, health, safety and sustainability risks and relevant preventative controls. Contractors 
are responsible for providing training for their employees prior to commencing on Noble Energy operations 
and for providing adequate training documentation or verification. Noble Energy requires its contractors to 
comply with all training requirements set forth by country, federal, state, and local government and all laws 
and regulations that are applicable. Compliance with this requirement must be assessed in accordance with 
element 7. 

7 
Contractor Safety 
Management  

Intended to ensure the protection of personnel, community health and safety, the environment and 
sustainability with regard to Noble Energy operations as influenced by contracted personnel. Key 
commitments are: 

¶ To utilise the Noble Energy Contractor Safety Management Plan to ensure that contractors conduct their 

work in such a manner that they present no risks to Noble Energy employees, contractor personnel, the 

public, the environment, equipment, or property.  

8 Pre-Start-Up Review  

Intended to ensure full communication of schedules, tasks and potential risks to all personnel involved in the 
start-up of a project/task/operation in order to protect personnel health and safety, the environment and 
sustainability. Key commitments are: 

¶ Each facility must develop a pre-start-up review procedure that verifies the operation/facility is safe to 

start.  

9 
Management of 
Change  

Intended to protect personnel health and safety, the environment and sustainability during and following 
changes to operations and facilities. Key commitments are: 

¶ Implementation of management of change procedures 

 



 2015 Rhea-1 Exploration Well Environmental Impact Statement 
  Document No: 024-15-EHSR-EIS-PA-T4 

Revision 2.0, 7
th
 May 2                  Page 92 of 449 

Table 12 continued: Summary of Global EHS Management System Elements 

MS 
cycle 

Element Element Category Element Description 
E

X
E

C
U

T
E

 

10 
Risk Assessment and 

Management Ο 

Intends to protect personnel, assets and the surrounding environment and community by adequately 
assessing risks and implementing preventative controls to minimise impact/risk. Key commitments are: 

¶ To develop a risk assessment program with the goal of reducing the potential for injuries/illnesses and 

minimising the consequences of uncontrolled releases and other environmental/safety incidents. Risk 

assessments must be completed at the initial design phase (e.g. new and modified facilities/operations) 

and as an ongoing aspect of daily operations;  

¶ To ensure risk assessment is carried out in line with approved and appropriate methods; 

¶ To ensure that all preventative controls designed to minimise impact or the likelihood of impact are 

integrated into Safety Work and Operating Procedures; and  

¶ To ensure that periodic EHS Regulatory Compliance Audits are conducted in order to ensure compliance 

with applicable regulatory requirements and preventative control measures.  

V
E

R
IF

Y
 

11 

Performance 
Monitoring and 

Measuring Ο 

Intended to support the implementation of health, safety, environmental and sustainability goals, objectives, 
targets and compliance requirements in an effective and consistent manner that provides for continual 
improvement. Key commitments are: 

¶ To establish performance monitoring and measurement requirements for each operational aspect that 

has the potential to impact the health, safety, environment or sustainability of its business;  

¶ To inform employees of their responsibilities with regard to managing risks and supporting Noble Energy 

in meeting its goals, objectives, targets and compliance requirements; and 

¶ To implement the Performance Monitoring Procedure  

12 

Incident Reporting, 
Analysis and 

Corrective Action Ο 

Intended to ensure that incidents are properly investigated to establish root causes and corrective actions 
designed to prevent or minimise the risk of recurrence. Key commitments are: 

¶ Implementation of incident investigation procedures as appropriate to the event and identification and 

completion of corrective actions and reporting.  

13 
Management System 

Compliance Audit Ο 

Intended to ensure full implementation of the GMS in an effective and consistent manner that promotes 
continual improvement. Key commitments are: 

¶ To conduct periodic audits; and 

¶ To adjust and improve the GMS and supporting procedures based on audits findings as necessary.  

P
E

R
F

O
R

M
 

14 

Operational Integrity 
and Continual 

Improvement Ο 

Intended to ensure operational integrity and support continual improvement of the GMS. Key commitments 
are: 

¶ To design, procure, construct and install all critical equipment in accordance with Noble Energyôs 

standard specifications or other specifications identified by Noble Energy as industry best practice   
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4.3 Environmental, Social and Health Impact Assessment (ESHIA) Guideline 

The ESHIA Guideline (147-13-EHSR-ESH-GL-T2) sits within the GMS and provides detailed 
guidance on the minimum information that must be included within the EIA and corresponding EIS.  

Specifically, implementation of the ESHIA guideline ensures compliance with the following GMS 
elements (Table 12):  

Element 4: Process Safety and Environmental Information; Ο 

Element 10: Risk Assessment and Management; Ο 

Element 11: Performance, Monitoring and Measuring; and Ο 

Element 12: Incident Reporting, Analysis and Corrective Action. Ο 

The guideline provides a framework that conforms to the project financing requirements of an 
Equator Principles Financial Institution. Even where the NEFL project does not anticipate receiving 
financial support, the Equator Principles, and the IFC Performance Standards (PS) and EHS 
Guidelines that underpin them, are considered Good International Industry Practise (GIIP) and are 
thus utilised.  

NEFL recognise that local regulatory authorities may have additional or differing requirements. As 
such, flexibility exists within the guideline with regard to the applicability of the guideline on a 
project specific basis, the EIA methodology and the potential requirement for additional information 
that may be required under host-country legislation.  

4.4 Legal Compliance During Operations 

All FIG regulations will be adhered to during the Rhea-1 well operation to ensure that all relevant 
consents and permits are applied for. Where no FIG regulation exists for a given activity, UK and 
international standards shall be adhered to. Relevant legislation is indicated in each impact/risk 
assessment chapter where necessary. 

In accordance with the FIG DMR guidance notes on operations notices, the FIG Petroleum 
Operations Notices (PONs) which are relevant to environmental management and permitting 
during the Rhea-1 well operation are: 

PON2: Reporting procedure - detailing the need for progress meetings, monthly progress 
reports and daily drilling reports; 

PON4: Application for Consent to Drill Exploration, Appraisal, and Development Wells and the 
Consent to Locate; and 

PON8: Oil Pollution ï detailing the FIG reporting requirements in the event of an accidental 
hydrocarbon release and the need to liaise with the Department of Natural Resources 
(DNR) with regard to management of the spill and alignment with the Falklands National Oil 
Spill Contingency Plan (NOSCP). 

Note that the PON10 for the Application to Use and Discharge Non-Aqueous Drilling Fluids and 
Associated Cuttings does not apply to the Rhea-1 drilling operation as only WBMs are being used. 

4.5 Operational Control and Mitigation Measures 

The EIA process is designed to enable identification of the planned activities within an operation 
that may impact upon the environment, and to characterise and quantify what those impacts may 
be. Equally, the risk assessment process is designed to identify potential unplanned events that 
may impact upon the environment while assessing both the potential impact and the likelihood of 
the event and impact occurring. Once the significance of the impact/risk has been assessed, it is 
necessary to identify what mitigation controls may reduce the impact/risk to As Low as is 
Reasonably Practicable (ALARP). Identification and development of mitigation controls for 
significant impacts/risks is informed by the EIA process is carried out in line with elements 3, 4 and 
5 of the Noble Energy GMS. 
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Mitigation controls are designed to either: 

Prevent a predicted impact from occurring; 

Minimise the predicted impact; 

Remediate the impact; 

Prevent or reduce the likelihood of an unplanned event; and/or  

Minimise the severity of consequence in the event of an incident.  

Controls identified may comprise one or more of the following: 

Elimination controls e.g. electing not to commence with an operation/activity; 

Substitution controls e.g. electing to carry out the activity in a different way, place or time; 

Engineering controls e.g. deployment of additional or alternative equipment; and/or  

Administrative controls e.g. use of standard operating procedures and/or development of 
project specific operating procedures/plans where necessary. 

All mitigation controls and measures identified during the EIA must be achievable and measurable 
and will be recorded within a project specific EMP where it is deemed appropriate. 

4.5.1 Standard Operating Procedures 

Where appropriate, the GMS standard requires that facility/operation specific procedures/plans be 
developed to promote efficient and safe operations. Further, operation specific procedures / plans 
may be required to ensure the appropriate implementation of project specific mitigation measures 
and/or the monitoring requirements identified in the EIA.  Further guidance on project specific plans 
and procedures which may be required is provided in the Noble Energy ESHIA Guideline. 

Where necessary, the rig / drilling contractor will develop specific operational controls to ensure 
that measures are implemented at the appropriate phase in the project and in an effective manner 
which is congruent with the Noble Energy GMS requirements and the EIA (Section 4.9). 

4.6 Objectives and Targets 

In compliance with GMS elements 1 and 11, NEFL will develop project specific environmental 
objectives, targets and programmes to ensure continual improvement within environmental 
management. Key actions required to ensure that all objectives and targets are met will be 
incorporated into the EMP and/or included within the project commitments register in compliance 
with the ESHIA Guideline.  

4.7 Project Specific Management Plans 

Management plans are designed to support environmental management, to mitigate against 
environmental impacts/risks by ensuring the implementation of controls identified in the EIA and to 
aid communication between Noble Energy and its contractors. Figure 14 illustrates the role of 
management plans in project realisation as they link the respective management systems and the 
EIA. Each management plan will detail key actions and associated roles and responsibilities.  

Management plans will be required in compliance with: 

The terms of the production license; 

The FIG DMR EIA Guidance Notes (2012); 

The FIG Guidance Note on Approvals required for offshore operations in the Falkland Islands 
(02/13); 

The Noble Energy ESHIA Guideline; and 

The outcomes of the EIA for the operation. 

Detail on the project specific management plans that will be developed and implemented for the 
Rhea-1 well operation are provided in Section 14 which describes project specific environmental 
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management. Guidance and definition for all management plans that may be required for a given 
project are provided in the Noble Energy ESHIA guideline. 

 

Figure 14: Link between the Environmental Impact Assessment, Management Plans, the NEFL 
GMS and contractor management systems (adapted from IEMA, 2009) 

4.8 Performance Monitoring Measures 

Monitoring and measuring is a cornerstone in ensuring compliance and continual improvement 
within environmental management and is carried out in line with element 11 of the GMS. Further, 
monitoring enhances understanding of the efficacy of the EIA process with regard to the 
knowledge and understanding of impacts and is essential to measure the success of mitigation in 
practice (IEMA, 2008).  

It is therefore necessary to identify monitoring requirements throughout the EIA process, which will: 

Determine compliance with regulatory requirements standards and Government policies; 

Provide an early indication should any of the environmental mitigation measures or practices 
fail to achieve acceptable standards; 

Enable the project to take remedial action if unexpected problems or unacceptable impact 
arises;  

Monitor the performance of the project and the efficacy of mitigation measures; 

Provide a database against which any short or long-term environmental impacts of the project 
can be determined; 

Verify the environmental impact predicted in the EIA studies; and 

Provide auditable data. 

Priorities for monitoring should include: 

Activities/impacts for which significant impacts were predicted; 

Activities/impacts for which successful mitigation is essential for avoiding significant impacts; 
and 

Impacts for which there is a high degree of uncertainty in the impact predictions or in the likely 
success of the proposed mitigations. 

Performance monitoring will be carried out by NEFL via the following: 
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Participation in daily calls during the entire drilling campaign to discuss the project status, any 
issues that have arisen and solutions where necessary. This will include EHS issues; 

Receipt of daily, weekly and monthly reports provided by the contractor to track EHS 
performance and provide detail on how any issues were closed out; 

Receipt of daily report on chemical use will be provided by the contractor;  

Monitoring of all waste received onshore to ensure waste is properly handled; and 

Presence of an EHS representative on board the Eirik Raude to ensure effective EHS 
management. 

The Environmental Management Plan (EMP) will clearly state how the assessment of monitoring 
data is intended to trigger corrective action should monitoring reveal that unacceptable 
environmental impacts are occurring. 

4.9 Contractor Management 

The GMS applies to all activities where Noble has any legal and/or moral accountability and where 
operational activities may present any risk to the business. Throughout this EIS, reference is made 
to Nobleôs commitments. However, various contractors will be involved in the detailed planning and 
execution of the drilling operation.  

As stated in the GMS standard, all contractors shall apply their own management systems and 
training schedules, which must meet the performance standards of the Noble Energy GMS. Prior to 
procurement and to operations, the Environmental Management Systems (EMS) of each 
contractor will be audited to ensure congruence with the Noble Energyôs GMS. As necessary, 
bridging documents outlining the required performance standards, will be put in place to ensure 
compatibility between the systems. Performance standards and the commitments listed within the 
relevant project management plans will be incorporated into all contractual agreements. Where 
applicable, key performance indicators (KPIôs) will be specified. 

Contractor audits shall be managed in compliance with the GMS element 13 (Table 12) and the 
Noble Energy Contractor Management Procedure (GBL-MS-NEI-OPS-PRO-0002).  

4.10 Environmental Audit 

In compliance with elements 10, 11 and 13 of the Noble Energy GMS, and in compliance with the 
DMR EIA Guidance Notes (2012), NEFL will carry out periodic audits to ensure that the Rhea-1 
well operation is being carried out in compliance with all regulatory requirements, contractual 
obligations and management plan commitments. 

During audits, corrective actions will be identified to address non-conformances. All corrective 
actions will be documented within the NEFL Corrective Actions List and tracked through to 
completion in order to support continual improvement within environmental performance and 
management.  

Audits that will be required prior to, and during, exploration drilling operations include: 

Contractor audits: 
- Rig/vessel compliance audits ï conducted prior to accepting the rig/vessels on contract, 

and pre-mobilisation, to ensure that all of the appropriate certificates are in place and 
that international standards are being met e.g. ODS/F-gas management, GHG 
emissions compliance, pre-discharge to sea treatments, waste management facilities, 
compliance with IMO codes for pollution prevention, ballast water management, fuel 
bunkering, condition of spill kits, SOPEP etc. 

- Contractor management audits ï conducted prior to contract sanction to ensure that 
Noble Energy and contractor management systems are congruent (or can be bridged), 
that contractors are in compliance with their own management systems and during 
operations to ensure adherence to contractual obligations, license conditions and Noble 
Energy management plans e.g. EMP, WMPA etc. 
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Compliance audits 
- Environmental compliance audits ï conducted during and after the operation in order to 

ensure compliance with applicable regulatory requirements and control measures 
identified in the EIA and management plans e.g. the EMP, WMPA.  

Some of the standard audit requirements listed above may be combined into a single audit and 
many will have been carried out in preparation for drilling the first NEFL exploration well, 
Humpback-1, in the FPB. Audit requirements that are specific to the Rhea-1 well operation are 
detailed in Chapter 14.0 on project specific environmental management.  

All audits will be carried out in line with the Noble Energy Audit Procedure (GBL-MS-NEI-EHS-
PRO-00002). 

4.11 Change Management 

It is important for the EMP, and its implementation, to be able to accommodate changes and 
respond to a need for further assessment as it arises throughout the different project stages. 
Changes are most likely to occur for the following reasons: 

A new environmental sensitivity or impact is identified as a consequence of changing 
environmental conditions / evolving trends or during monitoring processes; and/or 

Changes are introduced to the drilling operations / engineering design. 

If and when change is required, this will trigger the management of change process in compliance 
with element 9 of the GMS. An assessment of the potential environmental effects that could occur 
as a result of the change, and the subsequent development of any additional EMP actions will be 
carried out as required.  

Management of change will be carried out in line with the Management of Change Procedure 
(GBL-MS-NEI-OPS-PRO-0001).  
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5.0 Environmental Baseline Description 

5.1 GAP Analyses (Data Gaps) 

The Falkland Islands Offshore Hydrocarbons Environmental Forum (FIOHEF) was established in 
2011 in order to provide a setting for debate and discussion on environmental issues relating to 
current and future hydrocarbon activities in the Falkland Islands. FIOHEF established a 
subcommittee, the GAP Analyses Group, to examine the data gaps that need to be filled in order to 
better inform and monitor the potential impacts to the environment from offshore hydrocarbon 
activities operating in the Falkland Islands. It was agreed that the priority areas that need 
examining include; littoral/sublittoral environments, offshore benthic ecosystems, oceanography in 
relation to oil spill modelling, seabirds, pinnipeds and cetaceans. This section provides a summary 
of the Environmental Forum GAP analyses programme. 

The GAP analysis programme is being led by the Director of the South Atlantic Research Institute 
(SAERI), supported by two project officers who are co-ordinating different aspects of the project. 
One project officer co-ordinates the seabird and marine mammal aspects of the work and the other 
is responsible for review, consolidation and curation of oceanic, benthic, inshore and fisheries 
related data. It is intended that the project will be Falkland Islands led with the work conducted in 
the Islands to enable close consultation with stakeholder groups, and that international researchers 
will be engaged in this process through workshops and collaborative peer review so the work has 
international standing and transparency.   

Data gaps have been identified for each of the priority areas and according to the urgency with 
which they are required have been classified into one of three categories:  

1. High priority data ï Immediate action required (<1 year) 

2. Medium priority data ï short-term action (1-5 years) 

3. Low priority data ï long-term action (5-10 years). 

This data will be ultimately used to inform robust Environmental Risk Assessments (ERA) for 
proposed operations associated with the oil and gas industry. As much of the data will take a 
number of years to collect, in the short-term existing data will be collated and used to perform 
simple qualitative assessments through an expert-led/drive process. These simple assessments 
could be used to provide initial information for use in upcoming EIAs.  Meanwhile the highest 
priority data gaps (such as targeted tracking) will be simultaneously commenced.  A further robust 
ERA will be conducted on completion of the gap analysis work (or periodically updated as key data 
becomes available).  

The GAP analysis programme will collate a centralised data repository to hold, manage and curate 
environmental data collected by the Hydrocarbons Industry and other organisations in the Falkland 
Islands. The Hydrocarbons Industry and other organisations have collected large amounts of 
information over the last twenty years whilst operating in the Falkland Islands that includes; 
oceanographic, metocean, seismic, benthic ecology, benthic environmental, multi-beam and ROV 
footage. Much of these data are held at different locations and the fate/location of some remains 
unknown. Collation of all of the relevant environmental data will provide wide spatial and temporal 
coverage for future EIAs; avoid duplication of work effort; increase the likelihood that these data 
will be used for future research activities and initiatives that could complement and enhance future 
EIAs; and increase environmental knowledge of the Falkland Islands continental shelf and slope. 
This phase of the project will be completed in May 2016. 
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5.2 Physical Environment 

5.2.1 License Location and its Proximity to International Boundaries 

The Rhea-1 well site is located in the NFB, approximately 250 km north of the Falkland Islands, 
925 km northeast of Cape Horn and 500 km from the nearest point on the South American 
mainland (Figure 15).  

The Falkland Islands Exclusive Economic Zone (EEZ) extends up to 200 nautical miles from the 
Islands, and was designated as two successive fisheries conservation and management zones. 
Initially the FICZ was designated in 1986; and extends 160 nautical miles from the centre of 
Falkland Sound. The western boundary of the area roughly coincides with the eastern limits of the 
Argentine EEZ. In 1990 the Falklands Outer Conservation Zone (FOCZ) was designated, this area 
extends the conservation zone to a distance of 200 nautical miles from the nearest land and 
defines the eastern perimeter of the Falklands EEZ (Figure 15) (FIG DMR, 2013).   

Oil and gas exploration and production licences are granted within the Falkland Islands Designated 
Exploration Area, the limits of which are based on the EEZ. The Designated Area is subdivided into 
Quadrants based on one degree of latitude by one degree of longitude (Figure 15), each of which 
is subdivided into thirty Blocks. The Rhea-1 well site is located in Quadrant/Block 14/04, within the 
northern boundary of the FICZ in Licence Block PL001 (Figure 15).  

5.2.2 Meteorology 

Understanding the meteorology of the Falkland Islands and in the region of any proposed 
exploratory well is highly important as the weather conditions throughout the year may have an 
impact on drilling activities or other oil-related activities; such as laying subsea equipment, or 
shipping to/from oil installations. This impact may be from extreme winds or foggy conditions, thus 
reducing visibility. There is very little meteorological data for the offshore Falkland Islands waters, 
including the region of the Rhea-1 well site (RPS Energy, 2009), however, RPS Energy collated 
and reviewed data from several sources. 

The Falkland Islands have a temperate oceanic climate, with predominantly westerly winds (RPS 
Energy, 2009; Anatec, 2015). Data collected during the Fugro Metocean Survey (1999) conducted 
on behalf of FOSA indicate that approximately 28% of prevailing winds are westerly, followed by 
approximately 24% being north-westerly (Anatec, 2015). In general, the weather in the NFB is 
much less extreme than weather conditions south of 50°S, where the frequency of storms and 
squalls is greater (RPS Energy, 2009). The survey conducted by Fugro (1999) showed that 
between 65% and 80% of wind speeds measured in the region of the Rhea-1 well site were over 
10 knots. Indeed, wind speeds of over 10 knots persisted for six days during one survey event, and 
the longest duration of wind speeds above 20 knots was for 38 hours (RPS Energy, 2009). Strong 
winds will influence sea conditions and wave height, which can make shipping and oil related 
activities difficult. 

The Falkland Islands do not experience a broad range of terrestrial annual temperatures (RPS 
Energy, 2009). Generally, the mean annual minimum temperature experienced is approximately 
3°C and the mean annual maximum temperature is approximately 10°C. Monthly temperatures 
vary throughout the year from -5°C to 20°C, but fluctuation in air temperature over the sea is 
always much less variable than that over land.  

Overall annual rainfall is on average relatively low within the Falkland Islands; however it is also 
consistent (RPS Energy, 2009). While the mean rainfall in Stanley is approximately 650 mm a 
year, there is less rainfall further north. Therefore, it is expected that mean annual rainfall within the 
northern Licence Blocks should be less than 650 mm. Snow falls, on average, 11 days of each 
year, with a higher frequency occurring in August. Dense fog, causing visibility less than 1 km, 
within the vicinity of the Rhea-1 well is likely to occur for approximately 5% of the year (Anatec, 
2015). 
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Due to the lack of weather data available for the area of the northern licence blocks, NEFL have 
utilised two hindcast weather models, both covering 20 years. A wind and wave model was 
developed by Premier Oil for a wide area around the Falklands, and a current model was 
developed for the Sea Lion area only, within 22 km of the Rhea-1 well site.  The results were 
calibrated and verified against satellite and measured data, and confirmed previous wind, wave 
and current assumptions. 

 

Figure 15: The location of the Rhea-1 well site in relation to the Falkland Islands, fisheries 
conservation zones and the South American mainland 
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5.2.3 Oceanography 

5.2.3.1 Main Oceanographic Features on the Patagonian Shelf 

The Patagonian Shelf is one of the most productive areas in the South Atlantic. Two marine 
ecosystems, the southern temperate ecosystem and sub-Antarctic ecosystem are separated by a 
transition zone running from the south-west to the north-east of the Patagonian Shelf through the 
Falkland Islands archipelago (Boltovskoy, 2000).  

The productivity of the Patagonian Shelf is enhanced by the existence of several year-round tidal 
mixing fronts (Valdés Front, San Jorge Front and Bahia Grande Front) and seasonal fronts 
(PatagonianïMagellan Front and Tierra del Fuego Front) originating from cold fresh water inflows 
from the Strait of Magellan (Belkin et al., 2009; Alemany et al., 2009). On the eastern flank, the 
Patagonian Shelf edge is framed by the Falkland/Malvinas Current Front (FMCF, Belkin et al., 
2009), which runs along the continental slope from 55ºS to 37ºS and comprises multiple smaller 
fronts running parallel to the shelf break (Franco et al., 2008). The main oceanographic feature of 
this front is the cold Falkland Current, which originates from the Antarctic Circumpolar Current 
(ACC) in Drake Passage and flows northwards (Peterson and Whitworth, 1989). The Current 
reaches the continental slope to the south of the Falklands and splits into two main northward-
flowing branches (Figure 16). The western branch is the weaker with the eastern branch being the 
strongest (Bianchi et al., 1982). The upper 300 m water column in the Falkland Current consists of 
the Sub-Antarctic Surface Water mass (SASW) with deeper layers occupied by the Antarctic 
Intermediate Water mass (AIW) (Peterson and Whitworth, 1989). 

5.2.3.2 Oceanographic Features on the Falkland Islands Shelf 

A number of oceanographic fronts exist on the Falkland Islands continental shelf, primarily in areas 
to the south and east of the Falkland Islands. A number of fronts have also been identified on the 
northern shelf, to date. Four frontal areas (Western Offshore Front; Western Inshore Front; 
Southern Front; North Eastern Front) have been identified in the southern part of the 
Falkland/Malvinas Current Front (FMCF) (between 54°S and 48°S) with well-resolved temperature 
and salinity gradients (Figure 16, Arkhipkin et al., 2013), interspersed by areas characterised by 
relatively smooth gradients (non-frontal zones). The FIG conduct oceanographic transects to 
monitor the Transient Zone across the frontal systems, and to monitor the strength of the Falkland 
Current (Figure 16). 

The Southern Front is located to the south of the Falkland Islands near Beauchêne Island where 
the Falkland Current meets the continental slope. It causes a strong upwelling of SASW that mixes 
with the Shelf water mass forming the Transient Zone (TZ) at depths of between 120-300 m 
(Zyryanov & Severov, 1979; Arkhipkin et al., 2004a). This front forms one of the most productive 
areas in Falkland waters and is utilised by squid and fish as a major feeding  (Arkhipkin et al., 
2004a; Arkhipkin et al., 2003) and spawning ground (Arkhipkin et al., 2010).  The location of the 
Transient Zone on the shelf fluctuates both seasonally and inter-annually due to the variation in the 
intensity and position of the Falkland Current, which in turn influences the distribution of Loligo 
squid (Doryteuthis gahi), (Arkhipkin et al., 2004b).  

The Western Offshore Front (WOF) and Western Inshore Front (WIF) represent the areas of 
mixing of the western branch of the Falkland Current with Patagonian Shelf waters (WOF) and 
Falkland Shelf waters and TZ (WIF). The Southern Front (SF) and North East Front (NEF), appear 
when the eastern branch of the Falkland Current meanders onto the shelf and mixes with Falkland 
Shelf waters. There is also no major counter current in the region, unlike the northern part of 
FMCF, where the Falkland Current meets with the warmer Brazil Current, creating multiple parallel 
counter flows along the shelf break (Acha et al., 2004; Belkin et al., 2009). 

The northern part of the FMCF (37-38°S) shifts seasonally, offshore in summer and inshore in 
spring and autumn (Carreto et al., 1995). Similar shifts of at least two fronts (WOF and NEF) were 
observed in the southern part of FMCF (Arkhipkin et al., 2013). It is suggested that the offshore 
shifts of those fronts are a result of seasonal offshore movements of shelf waters. WIF and SF are 
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also quasi-stationary throughout the year. The mixing of shelf waters with SASW waters on the 
western side of the Falkland Current creates a band of increased primary productivity, indicated by 
higher concentrations of chlorophyll-a (chl-a) especially in spring and summer. This is known as 
the Patagonia High Chlorophyll Band (PHCB). The distribution of chlorophyll-a in PHCB is patchy 
and depends on seasonal variability in upwelling intensity along FMCF (Romero et al., 2006).  

 

Figure 16: Main Patagonian Shelf oceanographic features overlain on Sea Surface Temperature 
(oC) map, March 2008. 

WOF = Western Offshore Front; WIF = Western Inshore Front; SF = Southern Front; NEF = North Eastern Front. 
Adapted from Arkhipkin, A., Brickle, P. & Laptikhovsky, V., (2013). 
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5.2.3.3 Oceanographic Features in the Region of the Rhea-1 Well Site 

During the environmental baseline survey of the adjacent Licence Block (PL032) in March and 
April 2012 (over a four week period) water column characteristics were measured using a CTD 
(conductivity, temperature, and depth) probe, over 47 deployments, to produce water column 
profiles for the field (Gardline, 2013a).  

Vertical profiles for temperature, salinity and dissolved oxygen from the 47 CTD deployments were 
interpolated across horizontal depth horizons at 400 m, 200 m, and 10 m. Temperature and salinity 
were used to identify the main water masses and their derivatives (Bianchi et al., 1982; Peterson 
and Whitworth, 1989) (Figure 17). It is acknowledged that water column dynamics and the 
dynamics of water masses in the area can change over time so this is an illustration of the general 
water mass pattern in the area. 

The Rhea-1 well site is located within the near shore area of the Northern Slope (NS); this region is 
covered by a transition zone between Patagonian Shelf waters and the superficial sub-Antarctic 
surface water (SASW) mass of the Falkland Current. Temperature-Salinity profiles highlight the 
SASW water mass of the Falkland Current (Figure 17). There is only slight seasonal variation in 
temperature (4.8ï5.5°C with the maximum observed in April to May) and salinity (34·06ï34·11 
parts per thousand (ppt)). The offshore deeper part of the NS is covered by the SASW mass with 
small variations in near-bottom temperatures (4.1ï4.3°C) and salinities (34.1ï34.2 ppt) (Arkhipkin 
et al., 2012a). 

Generally, a well-mixed surface layer was observed in the CTD data to a depth of c.40 m. Below 
40 m depth a distinct thermocline was observed to approximately 80 m, below which temperature 
decreased gradually to the seabed. Broad trends were observed for temperature, dissolved oxygen 
and pH, which decreased with depth. Turbidity was slightly higher in the mixed surface layer than 
the body of water below, immediately below the thermocline (Gardline, 2013a). 

During the course of 2014, the oil and gas industry has taken steps to improve on the existing 
oceanographic data sets on which predicted oil spill modelling has been based. A new coupled 
inshore tidal and oceanographic circulation model is under development and is due to be fully 
completed in 2015.  This has been undertaken by collaboration between BMT Argos, BMT WBM 
and the UK Met Office.  A Specification Report is available on request (Sea Lion Hydrodynamic 
Modelling Model Specification, Ref: A14043, Sept 2014). The Fisheries Dept. and other 
stakeholders have reviewed the model set up and are collaborating with the Industry by providing 
historic data for model ground truthing. 

NEFL is committed to continuing to improve the modelling when new oceanographic data becomes 
available from third parties. This is part of the ongoing GAP process and will involve data collection 
strategies to help improve oil spill fate modelling.  
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Figure 17: Temperature ïSalinity plot from CTD Data Collected in Licence Block PL032 in March 
and April 2012 (data from Gardline, 2013a) 

5.2.4 Bathymetry 

The Patagonian continental shelf is one of the largest and flattest continental shelves in the world. 
Its width varies from a few kilometres at 55°S, south of Staten Island on the tip of Tierra del Fuego, 
to 850 km width along the latitude of 51°S (Martos and Piccolo, 1988). The Falkland Islands are 
situated on the Patagonian Shelf approximately 700 km off the Argentine coast, between latitudes 
52Á53ôS and 51ÁS (Figure 15).  

To the south and east of the Islands the shelf slopes steeply into the Falkland Trough (Platt and 
Philip, 1995), which is a west-east trench reaching depths greater than 3,000 m and extending 
1,300 km from the South American continental shelf to the Malvinas Outer Basin (Cunningham et 
al., 2002).  South of the Falkland Trough is the Burdwood Bank, which is a large plateau 
(approximately 35,000 km2) rising to 50 m below the surface and forms part of the regionally 
dominating Scotia Ridge. There are two major channels crossing the Scotia Ridge that facilitate 
inflows of the Falkland Current from the ACC. The western channel is 80 km wide and 400 m deep 
connecting the Scotia Basin with the Falkland Trough between Staten Island and the western 
Burdwood Bank. The eastern channel connects the Falkland Trough to the Scotia Basin at 55°W 
east of the Burdwood Bank; the channel is 130 km wide and 1,800 m deep (Guerrero et al., 1999).  

The area to the west of the Falkland Islands is a north western extension of the Falkland Trough 
that gradually narrows and reduces in depth as it moves northwards onto the shelf break at the 
northwest tip of the Falkland Islands.  

To the north, the continental shelf extends for approximately 200 km beyond the Falkland Islands, 
representing its widest point, and leads into the steep sloping Falkland Escarpment. The NFB is 
the area of continental shelf located between the Falkland Islands and the Escarpment. The NFB is 
characterised by a gently sloping gradient that increases in water depth from 150 m in the 
southwest to 1,500 m to the northeast (Otley et al., 2008). The Rhea-1 well site lies within the 
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central area of the NFB at a water depth of approximately 470 m; and lies on flat sea bed, with a 
gradient of 0.3°.  

The seabed in the NFB is characterised by numerous indentations, troughs and trenches. 
Bathymetric surveys conducted over the NFB indicated the presence of poorly preserved iceberg 
keel scars, numerous depressions between 4 and 11 m deep, trenches 30 m deep and 500-600 m 
wide, and furrows or channels commonly up to 1.5 km wide and extending up to 210 km long 
(Gardline, 1998a-h). 

Across a 3,000 m radius, the seabed around the Rhea-1 well site slopes gently from 437 m in the 
southwest to 478 m to the north east. The seafloor morphology is gently undulating characterised 
by the presence of shallow sub-circular depressions with a maximum depth of 3-4 m and a 
maximum width of approximately 160 m. Poorly defined lineation are visible, interpreted as poorly 
preserved iceberg scours with little topographic expression. A broad, 700 m, linear depression can 
be seen 825 m north of the well location (Figures 20 and 21).  

 

Figure 18: Bathymetry in the area surrounding the Rhea-1 well site, circles mark 200, 1,000 and 
3,000 m radius centred on the well site (Source: RPS)   
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Figure 19: Three dimensional representation of the bathymetry surrounding the Rhea-1 well site, 
circles at 1,000 and 3,000 m radius from the well site (Source: RPS) 

5.2.5 Geology 

Subsurface Description  

The North Falkland Basin (NFB) is the name given to the set of sedimentary basins that lie to the 
north of the Falkland Islands (Richards and Fannin 1997). It consists of two main sub basins; a 
Northern Rift Basin (NRB) in which the predominant strike of the structural elements runs north to 
south, and a Southern Rift Basin (SRB) in which the predominant strike of the main structural 
elements runs northwest to southeast. The main graben of the NRB is about 150 km long and 50 
km wide at its northern end.  

The NRB is an Early Cretaceous rift basin in which the east to west extension is related to Pacific 
margin subduction and Gondwana break-up (Atlantic opening) (Underhill and Lhor, 2013). The 
basin is filled with Berriasian to Hauterivian syn-rift fluvio-lacustrine sediments, overlain by post-rift 
(Barremian to Aptian) lacustrine organic claystone and shale interspersed with turbidite 
sandstones. These elements are overlain by transitional marine, to fully marine, Late Cretaceous 
and Tertiary sediments. The Early Cretaceous post-rift sequence is the prospective interval 
targeted by the 2015 exploration drilling campaign. 

The Noble Energy Falklands Limited (NEFL) exploration Drilling Campaign Area is located on the 
northwest to north-central portion of the NRB and east of the Orca Ridge, approximately 220 km 
north of the Falkland Islands in close proximity to the Sea Lion Field. The Sea Lion Field is located 
on the northeast margin of the NRB and was discovered in May 2010 by Rockhopper Exploration 
with well 14/10-2, which encountered oil reservoirs in good quality Lower Cretaceous lacustrine 
turbidite sandstones that form a series of highly sand prone basin floor fans deposited into a 
stratified, anoxic lake (Richards and Hillier 2000; Holmes et al 2011).  Following discovery of the 
Sea Lion Field, an appraisal program began to delineate the extent of the Sea Lion accumulation 
(to date, eight wells and two sidetracks). In addition, the appraisal program has proven the 
presence of hydrocarbons in three younger fans (Casper, Casper South and Beverley). The main 
sediment source for the fans originated from flanking basement highs, which connect into the main 
graben depo-centre via a series of feeder canyons or channels.  These basement highs are 
primarily to the east for the Sea Lion Field and primarily to the west for the Rhea prospect. 
Deposition occurred from both turbidity currents and mass flows (for example, fluidized sediment-
gravity flows).  
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A very similar play is being targeted in NEFLôs 2015 exploration drilling campaign. Based on 3D 
seismic data, the exploration prospects have similar geometries and depositional characteristics to 
the existing discoveries. The prospects are likely being charged from the same or analogous 
lacustrine source rock as Sea Lion via similar migration pathways; accordingly the predicted 
hydrocarbon phase for the exploration targets is oil with a similar quality and gas oil ratio (GOR) to 
the Sea Lion discovery. 

5.3  Environmental Surveys in the NFB 

5.3.1 Environmental Survey Review 

To date, there have been no surveys of the benthic environment in the direct vicinity of the Rhea-1 
well site. However, prior to drilling the well ROV surveys of the seabed, within 100 m radius of the 
well will be undertaken and evaluated by an independent expert to identify any sensitive habitats or 
species.  Additionally, during the pre-drilling ROV survey, sediment samples will be collected by 
ROV push corer (89mm outer diameter) at 50m, 100m and 200m distance upstream and 
downstream of the well location and analysed for chemical contaminants and biological samples 
for species composition. 

In 1998, pre-drilling surveys were conducted in the NFB at the óLittle Blueô, óSebaldô and 
óGalapagosô well sites, which are the closest to the Rhea-1 well site ranging between 13 and 20 km 
distance from the Rhea-1 well (Gardline 1998a; 1998b). A further environmental survey post-
drilling was conducted at óLittle Blueô (Gardline, 1998h).  

Several other environmental surveys have been conducted in the northern Licence Blocks (PL001, 
PL032 and PL033) and further afield on the Falklands continental shelf, which provide background 
and contextual data for comparison with the area around the Rhea-1 well site.  Table 13 provides a 
summary of survey and drilling activities conducted within Falkland Islands waters to date. 

In recent years, the focus of environmental surveys has been on the area of the Sea Lion Field, 
which lies approximately 22 km southeast of the Rhea-1 well site. Under contract to Rockhopper 
Exploration, Gardline International conducted an area wide environmental baseline survey of the 
Sea Lion Field in the NFB in 2012 to determine the physical, chemical and biological character of 
the environment (Gardline, 2013) in support of future development of the area.  In addition to the 
area wide survey, specific well site surveys comprising 6-8 stations each were conducted for five 
historic well sites drilled in Quadrant 14 of the Sea Lion Field component of the area. These 
stations ranged in distance from 20km to 38km from the Rhea-1 well location. 

5.3.1.1 Rhea-1 Regional Environmental Habitat Assessment 

The desk-based Environmental Habitat Assessment was completed using predictive habitat 
mapping techniques, following standard operating guidelines (e.g. Bulat and Long, 2007). The 
purpose of the assessment was to provide a characterisation of the seabed (i.e. bathymetry and 
geomorphology, surface sediments, infaunal communities and epifaunal assemblages) within the 
NFB, with a specific focus on the Rhea-1 proposed well location. 

A number of acoustic datasets (i.e. 3D seabed pick: Two Way Time (TWT) and Amplitude) over the 
entire Licence Block PL001 and 3D seabed pick (TWT and Amplitude) from other operators over 
the adjacent blocks and available information such as seeps studies) were used to determine the 
seabed bathymetry and morphology throughout the Regional Study Area, with environmental 
sampling data (e.g. grab samples, box cores and seabed photography) used to ground truth this 
data. Grab samples/box cores provided information on the sediment type and infaunal 
communities in the region and seabed photography provided data on the epifaunal communities. 
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Table 13: Summary of Falkland Islands Drilling and Environmental Survey Activities 

Year Activity - Survey / Drilling Region Operator/Reference 

1998 

Environmental baseline survey ï pre-drilling 
óLittle Blueô 14/09; óB1ô 14/05; Well 14/14, Well 14/23; 
óBraelaô 14/24, Well 14/19a; óMinkeô 14/13-B; óGalapagosô 
14/09. 

NFB FOSA, Gardline 1998 a-i 

1998 
Drilling campaign ï 6 wells  

 
NFB FOSA 

1998 
Post-drilling environmental survey ï 1 well site óLittle 
Blueô (14/09) 

NFB FOSA, Gardline 1998h 

2008 
Regional environmental baseline survey ï pre-drilling. 
SFB: Quadrants 61 and 62. 
Southern NFB: Quadrants 25 and 26. 

SFB,  
southern NFB 

Desire Petroleum Plc., 
Benthic Solutions, 2008 

2009 
Environmental baseline survey four proposed well sites ï 
EFB: Endeavour (31/13), Loligo (42/02), Nimrod (41/29), 
SFB: Toroa (61/05) 

EPB, SFB 
BHP Billiton, Fugro 

Survey 2009 

2010-2011 
Drilling campaign ï 16 wells 

Drilling ï 1 well 

NFB 

FPB 

Rockhopper, Desire 

BHP Billiton 

2011 
Environmental baseline surveys five proposed well sites ï 
Hero (31/18), Inflexible (60/15), Loligo NW (42/02), Scotia 
East (31/13), Vinson West (53/16 

EPB, SFB 
FOGL, Gardline Survey 

2011 

2012 
Drilling campaign 2 wells 

Drilling campaign 2 wells 

SFB 

EPB 

Borders and Southern 

FOGL 

2012 

Sea Lion Pre-development area wide survey,  

Sea Lion Post-drilling environmental survey ï 5 historic 
well sites 

NFB 
Rockhopper, Gardline 

2013 a and b 

2014 Isobel Deep - environmental baseline survey  NFB Premier Oil, MG3 2014  

 

Figure 20 and Figure 21 show the location of the 2013 Sea Lion environmental baseline and post-
drilling survey locations, and the majority of the other environmental survey on the Falklands 
continental shelf. It is recognised that the lack of environmental baseline survey data in the vicinity 
of Rhea-1 constitutes a significant data gap. A review of survey data from adjacent Licence Blocks, 
of similar water depths, will give an indication of the nature of the environment but is no substitute 
for dedicated surveys.    
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Figure 20: Summary of Environmental Survey Locations on the Falklands Continental Shelf. N.B. 
Environmental Survey station locations from FIST/FISA/FINA are not included. 
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Figure 21: Environmental Survey Locations in the North Falkland Basin 
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5.3.1.2 North Falkland Basin FOSA Pre-Drilling Survey (1998) 

Exploration drilling in the NFB was first conducted in 1998, by a consortium of licence holders 
under a joint operating agreement, FOSA (Falklands Offshore Sharing Agreement).  Seven 
exploration wells were drilled in the NFB during the 1998 campaign. Prior to the drilling campaign, 
Gardline (1998a-g) (on behalf of FOSA) conducted an environmental baseline survey at each of 
the proposed well locations to describe the natural sediments and benthic communities prior to 
drilling activities and to provide a basis for future monitoring (Figure 20 and Figure 21). Twelve 
sample stations were positioned along a standard cruciform template, centred on each well 
location with the long axis aligned with the dominant current direction. Between one and three 
reference stations were sampled at >8,000 m from each of the proposed well locations. All stations 
were sampled using a Day grab, with three grab samples taken for macrofaunal analysis and one 
for physico-chemical analysis including granulometry, hydrocarbon and metal analysis. 

The FOSA well sites and corresponding survey locations were generally located in a north-south 
orientation across the NFB, in water depths ranging from 215 m in the south to 482 m in the north. 
While these surveys were not undertaken in the direct vicinity of the Rhea_1 well site, the closest 
was approximately 13 km to the south east; the results provide information for indicative 
background sediment chemistry and wider faunal community for the area.  Of the FOSA survey 
sites the óSebaldô (B1) Block 14/05 well was located approximately 14 km southeast of Rhea-1, 
óGalapagosô Block 14/09 is approximately 18 km south and the óLittle Blueô Block 14/09 is 
approximately 26 km to the south (Figure 21).  

One of the historical well sites (óLittle Blueô) was re-surveyed post drilling activity to assess the 
impacts from drilling related discharges at the site (i.e. water based mud and cuttings). The survey 
concluded that there was no evidence from species composition to suggest that the area was 
polluted. While most physico-chemical sediment parameters had increased slightly since drilling, 
these did not fall outside the range indicative of uncontaminated sediments for the area. The report 
concluded that drilling activity had had little if any impact on the fauna at the site (Gardline, 1998i). 

5.3.1.3 Sea Lion Pre-Development Environmental Baseline Survey and Post Drilling 

Survey (2013) 

Nine wells were drilled in Licence Blocks PL032 and PL004 during the 2010-2011 NFB drilling 
campaign, which subsequently led to the discovery of the Sea Lion Field, which lies approximately 
22 km southeast of the Rhea-1 well site.  In 2012 Gardline Environmental Limited were 
commissioned to conduct an area wide environmental survey of the Sea Lion area to characterise 
the current environment prior to further drilling and field development being undertaken (Gardline, 
2013a). In addition to the area wide pre-development survey, Gardline also conducted a post-
drilling survey around five historic well locations within the licence area (four Rockhopper wells 
14/10-2, 14/10-6, 14/10-9, 14/15-4a, and one Shell well 14/10-1) (Gardline, 2013b). The objective 
of the post-drilling survey was to assess the extent and severity of the impact of previous 
exploration drilling activities to the seabed sediments and associated benthic community. 

The pre-development survey area was divided into a grid covering a total area of 140 km2, with 54 
sample stations positioned at 2 km intersections (Figure 21). Each post-drilling well site survey 
comprised 12-14 stations in a cross formation centred over the well site, with two stations 
positioned on each of the northwest and northeast arms of the cross and one station positioned on 
each of the southwest and southeast arms of the cross (Figure 21). Where possible, stations from 
the 2 km grid were used as additional post-drill stations and included in the post-drill survey report.   
Each station was sampled for a suite of environmental parameters including: CTD casts to profile 
the temperature, salinity, dissolved oxygen, turbidity and pH of the water column; chlorophyll, to 
measure primary productivity in surface waters; photographs of the seabed to identify potentially 
sensitive habitats; box core samples to identify macrofauna, sediment hydrocarbon, heavy metal 
concentrations and particle size. Table 14 summarises the samples collected from both the pre-
development area and the post-drilling well sites. 
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Table 14: Summary of Environmental Sampling Parameters 

Survey 
Total No. 
Stations 

CTD Chlorophyll 
Habitat 

Assessment 

Box Core Sub-Sample 

Fauna Hydrocarbon 
Metals and 
Organics 

Particle 
Size 

Pre-
development 
Grid 

54 16 10 54 54 54 54 54 

Post-drilling 
well site 

32 30 0 0 32 32 32 32 

5.3.1.4 Southern North Falkland Basin (2008) 

In August and September 2008, Desire Petroleum PLC, Rockhopper Exploration PLC and Arcadia 
Petroleum Limited commissioned Benthic Solutions Limited, to conduct an environmental survey 
over a regional area of the southern NFB in water depths ranging from 140 m to 285 m (Figure 20 
and Figure 21). Benthic sampling was undertaken at a total of 77 stations relating to seven 
proposed exploration well sites. The survey design comprised 38 near-field stations around the 
well locations and 32 regional stations.  The objective of the survey was to analyse and interpret 
physico-chemical properties of the sediments and macrofaunal communities to provide a regional 
baseline and context from which to later compare well-specific surveys. Sediments were collected 
using a double Van Veen grab (comprising two grabs within a single frame). Two grab 
deployments were made at each station to collect the required four samples, of which three were 
processed for macrofaunal analysis and one for physico-chemical parameters, including 
granulometry, hydrocarbon and metal analysis.  

5.3.1.5 Other Surveys around the Falkland Islands 

A number of environmental baseline surveys have been conducted around other areas of the 
Falklands Conservation and Management Zones in recent years.   

¶ Benthic Solutions conducted well site environmental surveys in the Burdwood Bank area of 

the South Falkland Basin (SFB) on behalf of Boarders and Southern Petroleum, in 2008. 

Water depths over the survey area ranged from 1,200 m to 2,100 m.  

¶ Environmental baseline surveys were conducted at three proposed well locations in the 

Falkland Plateau Basin (FPB) and one location on the SFB during 2009 and an additional 

three locations in the FPB and one in the south during 2011. 

¶ Environmental baseline surveys took place from December 2013 to April 2014 using the 

MG3 survey vessel Poseidon. This survey covered the FISA12, FIST13 and FINA13 survey 

areas.  

During 1978 and 1979, several exploration surveys were conducted throughout the Argentine 
Continental Shelf including the region around the Falkland Islands.  Analyses of benthic samples 
from these surveys were used to describe the main faunal assemblages on the continental shelf 
from which three main biogeographic provinces were identified.  The provinces comprised the 
Argentine, Patagonian and Malvinean province, the latter is primarily influenced by the Falklands 
Current (Bastida et al., 1992).  

Detailed results of these surveys have not been considered in the baseline assessment of the 
NFB. The sampling stations on the Falkland Islands continental shelf were between 95 and 157 km 
from the northern Licence Blocks and located in <200 m of water and as such were not considered 
to be representative of the habitats and communities at 470 m at the Rhea-1 well site (Figure 20). 

5.3.2 Benthic Soil Characteristics 

The Falkland Islands are relatively immature in terms of oil and gas production and whilst 24 
exploration wells have been drilled there is currently no oil and gas production underway in the 
region, hence typical background sediment chemistry datasets have not been formally 
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characterised.  However, 20 environmental surveys have been conducted within the three main 
Falklands basins (Appendix A).  These surveys cover a range of depths from 140 m to 2,100 m 
and a range of metocean conditions predominantly influenced by the East Falklands Current as it 
flows northwards to the east of the Falkland Islands. These datasets have been used to provide 
comparative data for the campaign drilling area.   

A summary of the mean chemical composition of sediments from around the Falklands continental 
shelf is presented in Appendix A, results indicated that sediments are comparable throughout the 
wider Falkland Islands waters. Full chemical analysis is available in the Environmental Baseline 
and Post-drilling Survey Report (Gardline, 2013a and b). 

5.3.2.1 Sediment Types 

Sediments across the NFB typically exhibit a south-north gradient of decreasing mean particle size 
(Gardline, 1998a). The proportion of fine material, defined as material with a diameter less than 
63 ɛm, generally increases with increasing depths, and the sediment types ranged from very fine 
sand in shallower waters (225 m depth) to the southwest, to coarse silt in deeper waters (464 m 
depths) to the northeast (Gardline, 1998a).   

The Rhea-1 well site lies in the northern sector of the NFB.  During the 2012 environmental 
baseline area wide survey in the Sea Lion area (in water depths comparable with Rhea-1) , mean 
grain sizes ranging from 18 ɛm to 39 ɛm were recorded throughout the field, indicating that 
sediment types were generally homogenous (Gardline, 2013a).  Sediments were predominantly 
classified as medium silt, with the exception of seven stations generally located in the northern part 
of the survey area that were classified as coarse silt.  

The percentage of fine material was high (61.6 ï 79.7%) at all stations across the Sea Lion area 
wide survey. These results were comparable to the sediment types recorded during the 1998 
FOSA pre-drilling surveys conducted at óB1ô 14/05 and óLittle Blueô 14/09 wells (approximately 
8.5 km and 16 km west of Sea Lion respectively) where fines accounted for 65.8% to 76.1% of 
sediment material (Gardline, 1998a, b).  Results of the 1998 FOSA pre-drilling survey found similar 
proportions of gravel (0.0% to 3.1%) and suggested that the coarser material fraction was primarily 
attributed to pea sized sub-surface gravel originated from glacial drop-stones (Gardline, 1998a).   

Post-drilling well site surveys across the Sea Lion region contained similar proportions of fines, 
sands and gravels to the area wide survey (Gardline, 2013a and b).  Whilst the highest variation 
was associated with the gravel fraction (>2 mm), which ranged between 0.1% and 10.3% 
contribution, this was attributed to natural variation across the area, and may originate from glacial 
drop-stones as found in the FOSA area, as analysis of other parameters did not indicate any 
disturbance from previous drilling activities. In the shallower waters of the southern NFB (140-
285 m depths) the sediments were dominated by coarser sand particles, with a mean grain size of 
156.5 ɛm (Benthic Solutions, 2008).  

According to the Rockhopper-1 site survey report (Britsurvey, 1998), seabed sediments at Rhea-1 
are expected to consist of silty sand overlying very soft clay with no gravel. 

5.3.2.2 Total Organic Matter and Organic Carbon Analysis 

Organic matter in marine sediments is generally dominated by the flux of surface derived 
phytodetritus (decomposing phytoplankton and other plant material) to deeper water sediments. 
Terrestrial inputs from rivers and other marine biogenic material also contribute to the organic 
matter and composition of continental shelf sediments.  Sediment total organic matter (TOM) and 
total organic carbon (TOC) were measured in samples from the Sea Lion area of the northern 
Licence Blocks as a percentage of total sample weight. Both parameters were generally found to 
be homogeneous, with measured mean TOM values of 5.6% ±0.5 SD, and mean TOC 0.9% ±0.1 
SD (Gardline, 2013).  Both TOM and TOC were found to positively correlate with particle size, with 
higher proportions of organic matter recorded at stations with higher percentage of fines (P<0.001).  
This relationship is linked to both the rate of sedimentation (detrital rain) from surface waters and 
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the hydrodynamic regime, whereby lower concentrations of organic matter are generally found in 
sandier sediment where surface sediments indicate some mobility and consequently reduced 
percentage fines.   

The level of organic matter showed low variation across post-drilling well site surveys with an 
overall TOM mean of 5.4% (±0.4 SD) and TOC mean of 0.9% (±0.1 SD) (Gardline, 2013b), which 
are comparable to the levels from the area wide survey.  Both TOM and TOC were also found to 
positively correlate with the percentage fines, suggesting that organic matter content was 
associated with natural variation in the proportion of fines in the sediment. 

Values for TOM were similar to those recorded during the FOSA 1998 pre-drilling survey for the 
óB1ô 14/05 well and the óLittle Blueô 14/09 well (mean 5.7% ±0.5 SD and 4.3% ±1.9 SD respectively) 
(Gardline, 1998a, b), which were the closest to the Rhea-1 well site and located in comparable 
depths (415-482 m), further indicating the homogeneity of this area of the NFB.  In the southern 
NFB the level of total organic matter remained consistently low throughout the survey area (1.7% 
±0.4 SD) perhaps reflecting the reduced proportion of fines and mobile sandy sediments of the 
shallower waters (Benthic Solutions, 2008).  Survey data from similar depths on the South 
Falklands Basin (SFB) at the proposed Toroa well site (571-702 m) indicated comparable levels of 
TOM and TOC (6.0 ±0.8 SD and 0.73% ±0.05 SD respectively) to the northern Licence Block area. 

5.3.2.3 Seabed Chemistry 

Total Hydrocarbon Concentrations 

Hydrocarbons in marine surface sediments may have originated from a number of sources, 
including terrestrial run-off in coastal areas, vessel spills and discharges, plant origin, natural seeps 
and hydrocarbon extraction.  

Total Hydrocarbon Concentrations (THC) ranged between 4.7 ɛg.g-1 and 15.5 ɛg.gï1 (mean 
9.7 ɛg.g-1 ±2.7 SD) across all stations in the Sea Lion pre-development area wide survey. Samples 
collected during the post-drilling survey exhibited THC levels within a similar range as the area 
wide survey, ranging between 3.5 ɛg.g-1 and 17.2 ɛg.g-1 with a mean of 8.5 ɛg.g-1 (±2.9 SD).  
Overall no spatial trends were observed and the survey report indicated that THC levels were 
considered to be within natural ranges exhibited by background variation (Gardline, 2013a, b).   

When comparing the results from the Sea Lion 2013 surveys (mean 9.7 ɛg.g-1 ±2.7 SD and 
8.5ɛg.g-1 Ñ2.9 SD) to the adjacent óB1ô 14/05 well and the óLittle Blueô 14/09 well from the FOSA 
1998 pre-drilling baseline survey, (mean 0.3 ɛg.g-1 ±2.9 SD, and mean 0.1 ɛg.g-1 ±0.1 SD 
respectively), mean THC levels from the 2013 surveys were notably higher than those from the 
1998 surveys (Gardline, 1998a, b).  Post-drilling survey results for the óLittle Blueô 14/09 well 
indicated an increase in THC in comparison to pre-drilling baseline levels but mean values were 
also notably lower (0.6 ɛg.g-1 ±0.4 SD) than those from the nearby Sea Lion survey.  

Generally, the results from all seven FOSA survey locations exhibited low THC with the exception 
of the óMinkeô 14/13 well, located approximately 24 km southwest of Sea Lion, which recorded a 
mean THC 4.6 ɛg.g-1 (±4.1 SD) (Gardline, 1998h).  Similar levels were also recorded in shallower 
water depths (140-285 m) during the southern NFB survey in 2008 located >50 km south of Sea 
Lion and the Rhea-1 well location (mean 4.3 ɛg.g-1 ±1.4 SD) (BSL, 2008), although mean THC in 
both areas were low in comparison to Sea Lion. 

Comparison of Sea Lion results to sediment means from other regions of the Falklands continental 
shelf, indicated that deeper (1,200-2,100 m), sandier sediments from the regional survey in the 
SFB recorded mean THC of 12.8 ɛg.g-1 (±5.1 SD), and comparable water depths to Sea Lion (620 
m) recorded a mean of 8.7 ɛg.g-1 (±1.1 SD).  Whilst mean THC ranging from 0.3 ɛg.g-1 (±1.0 SD) 
to 5.4 ɛg.g-1 (±1.0 SD) were recorded in sediments from the FPB in water depths of 1,300 m, 
suggesting that levels within the Sea Lion area were not above typical background levels for this 
region. 
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Hydrocarbon Composition 

Unresolved Complex Mixture (UCM) is a fraction of hydrocarbons, which are not fully separated 
during gas chromatography (GC) and appear as a óhumpô on the GC trace. This unresolved 
fraction consists of a number of individual components, which remain after substantial weathering 
and biodegradation of petrogenic inputs (Farrington et al., 1977), and can provide an indication of 
the origin of contamination or the natural source. At the majority of stations across the Sea Lion 
survey area UCM accounted for the majority of hydrocarbons within the sediments, which is 
indicative of well-weathered hydrocarbon sources and suggests that the majority of the material did 
not originate from fresh hydrocarbon inputs from drilling activities (Gardline, 2013). 

Of the resolved hydrocarbon fraction, n-alkanes account for the largest proportion of material.  n-
alkanes are straight chained, single bond saturated hydrocarbons ranging from 10 to 35 carbon 
chain lengths.  The distribution of n-alkanes can be indicative of the hydrocarbon origin, typically 
the small n-alkanes (nC10-nC20) are derived from petrogenic sources, whilst the larger n-alkanes 
(nC21-nC35) are derived from biogenic sources.  Total n-alkane concentrations were within similar 
ranges across both the Sea Lion pre-development survey and the post-drilling survey with means 
of 0.55 ɛg.g-1 (±0.1 SD) and 0.67 ɛg.g-1 (±0.4 SD) respectively. These values were moderately 
high in comparison to all of the FOSA 1998 pre-drilling baseline survey locations, and in particular 
for the adjacent  óB1ô 14/05 well and the óLittle Blueô 14/09 well (mean 0.3 ɛg.g-1 ±0.03 SD, and 
mean 0.02 ɛg.g-1 ±0.01 SD respectively). As with THC, the mean levels of total n-alkanes at across 
the Sea Lion survey area were more comparable to survey locations within deeper waters of the 
SFB (1.17 ɛg.g-1 ±0.41 SD) and the EFB, which ranged from a mean of 0.25 ɛg.g-1 (±0.06 SD) to 
4.1 ɛg.g-1 (±0.06 SD) in deeper water depths, whilst a mean of 0.65 ɛg.g-1 (±0.09 SD) was 
recorded in similar water depths to Sea Lion and the Rhea-1 well location. 

Individual n-alkanes were typically dominated by the heavier weight range (nC25 to nC37), peaking 
in odd numbered carbon compounds nC29 and nC31. Within the lower weight range (nC10-nC21), 
odd number n-alkanes were also dominant, albeit in lower concentration. This distribution suggests 
the presence of terrestrial derived n-alkanes from the wax layer covering the external surfaces of 
higher plants, which typically comprise the long-chain, odd carbon number n-alkanes (Eglinton et 
al., 1962); and a lower contribution of biogenic material from marine organisms (phyto- and 
zooplankton), which preferentially synthesize short-chain, odd number n-alkanes nC15 to nC21 
(Blumer et al., 1971).  

Sea Lion sediments exhibited a prevalence of odd over even numbered alkanes indicative of a 
mixture of biogenic and petrogenic hydrocarbon inputs, with a predominance of biogenic inputs. 
These biogenic inputs were likely to be derived from marine organisms associated with the highly 
productive surface water in this area of the South Atlantic and diffuse terrestrial plant sources 
(Gardline, 2013a). Petrogenic hydrocarbons may have been derived from various anthropogenic 
activities, such as the historic exploratory drilling activity in the area (Gardline, 2013b). 

Polycyclic Aromatic Hydrocarbons 

Monitoring the aromatic hydrocarbon type and content is particularly important due to the toxic 
nature (mutagenic/carcinogenic) of several of Polycyclic Aromatic Hydrocarbons (PAHs) even at 
very low concentrations.  

PAHs and their alkyl derivatives have been recorded in a wide range of marine sediments 
(Laflamme & Hites, 1978) with the majority of compounds produced from what is thought to be 
pyrogenic sources. These are the combustion of organic material such as forest fires (Youngblood 
& Blumer, 1975), the burning of fossil fuels and, in the case of offshore oilfields, flare stacks, etc. 
The resulting PAHs, rich in the heavier weight 4-6 ring compounds, are normally transported to the 
sediments via atmospheric fallout or river runoff. Another PAH source is petroleum hydrocarbons, 
often associated with localised drilling activities. These are rich in the lighter, more volatile 2 and 3 
ring PAHs (NPD; naphthalene, phenanthrene and dibenzothiophene).   

Mean total PAH concentrations across the Sea Lion survey area were 0.12 ɛg.g-1 (±0.02 SD), 
whilst mean PAH ranged from 0.10 ɛg.g-1 (±0.03 SD) to 0.15 ɛg.g-1 (±0.01 SD) at the post-drilling 
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survey stations.  Mean total NPD concentrations across the Sea Lion survey area were 0.05 ɛg.g-1 
(±0.01 SD), and mean NPD ranged from 0.04 ɛg.g-1 (±0.01 SD) to 0.065 ɛg.g-1 (±0.01 SD) at the 
post-drilling survey stations.   

When compared to the FOSA 1998 pre-drilling baseline survey, the Sea Lion development area 
and post-drilling PAH and NPD concentrations were marginally higher than the FOSA stations, with 
the exception of the óMinkeô well location, which exhibited mean PAH of 0.72 ɛg.g-1 (±0.01 SD) and 
NDP of 0.2 ɛg.g-1 (±0.01 SD).  Comparison on a wider regional basis indicated that samples from 
the SFB Burdwood Bank and Toroa surveys both PAH and NPD were approximately double the 
mean values recorded from the Sea Lion survey, whilst samples from the EFB were broadly 
comparable to those from the Sea Lion area (Appendix A, Table 1). 

Analysis of PAH composition in Sea Lion area sediments indicated that they predominantly 
comprised the heavier molecular weight 4-6 ring fraction (the mean ratio of NPD to 4-6 ring PAH 
ranged between 0.65-0.75) and suggesting that they primarily originate from pyrogenic sources 
(Gardline, 2013 and b).  Whilst there was no evidence of any point source contamination at any of 
the Sea Lion area stations, the presence of the lighter, more volatile 2-3 ring hydrocarbons is 
indicative of a minor source of petrogenic hydrocarbon, which may be associated with the relatively 
recent exploratory drilling activity, or natural diffuse hydrocarbon seeps (Gardline, 2013b). 

Heavy Metals 

Metals occur naturally in the marine environment and are widely distributed in both dissolved and 
sedimentary forms. Anthropogenic inputs of metals to the marine environment are primarily as 
components of industrial and municipal wastes and of particular relevance to the offshore oil and 
gas industry are drilling discharges, which can contain substantial amounts of barium sulphate 
(barite) as a weighting agent (NRC, 1983). Barite also contains measurable concentrations of 
heavy metals as impurities, including cadmium, chromium, copper, lead, mercury and zinc (NRC, 
1983). 

Generally concentrations of heavy metals across the Sea Lion area and from the post-drilling 
survey were within background levels observed at other locations on the Falklands continental 
shelf and therefore considered to be within natural variability for this region (Appendix A, Table 2). 
Lead (Pb) was the only exception where values from Sea Lion area were higher than those from 
the FOSA 1998 pre-drilling baseline survey, which were generally found to be below the levels of 
detectability.  

When normalised to 5% Aluminium (Al), several of the metals (Copper - Cu, Nickel - Ni, Lead - Pb 
and Zinc - Zn) recorded significant negative correlations with mean particle size and sand, and 
positive correlations with fines. This suggests the metal concentrations within the survey area were 
largely associated with natural variation in physical sediment characteristics and therefore should 
be considered as background in concentration for this area of the Southern Atlantic (Gardline, 
2013a). 

Conclusions 

There was no direct evidence of seabed disturbance or elevated concentrations of hydrocarbons 
and metals associated with historical drilling activity within the Sea Lion area, although some 
fractions of hydrocarbon may have been derived from contamination associated with the previous 
drilling activity. Subtle differences between stations were evident in the multivariate analyses 
associated with natural spatial variation across the area. Hydrocarbon, TOM, TOC and metal 
concentrations were considered typical of the medium and coarse silty sediments recorded in the 
Sea Lion survey area (Gardline, 2013b). 

5.4 Biological Environment 

Information and data for this section came from a number of sources including scientific peer 
reviewed literature, scientific reports, grey literature and data provided by a number of 
organisations. In addition the Falkland Islands Marine Biodiversity Archive (FIMBAr) was 
consulted. FIMBAr was a collaboration between the Marine Biological Association (MBA), the 
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Shallow Marine Surveys Group (SMSG) and the South Atlantic Environmental Research Institute 
(SAERI).  The project aimed to establish a marine biodiversity data archive for the Falkland Islands 
is supported by a Darwin Challenge Fund Award and ran from April 2012 until February 2013. By 
collating information from recent surveys and historical datasets it established a baseline dataset 
that can be used to map species distributions and inform future management of the marine 
environment (Davidson et al., 2013). 

5.4.1 Marine and Inter-tidal Vegetation 

Understanding the marine and inshore vegetation of the Falkland Islands is important as algae are 
one of the major primary producers in the marine environment. It is necessary to determine 
whether there are any species present that may be at risk from any oil-related activities or 
pollution. As yet, the marine environment, marine habitats and species of flora and fauna that exist 
within Falklands waters are poorly described and understood. It is possible that there are new, 
endemic species yet to be discovered. 

There are many seaweed species around the Falkland Islands, primarily in inshore waters. 
Seaweeds within the Falkland Islands fall into one of three categories: brown algae (Phaeophyta), 
green algae (Chlorophyta) and red algae (Rhodophyta). The red algae include coralline, or 
encrusting, algae that secrete calcium carbonate. The most common species of macro algae within 
the Falklands are the giant kelp (Macrocystis pyrifera) and the tree kelp (Lessonia spp.), both of 
which are classed as brown alga, and are common in inshore waters, between 0.5 m to 
approximately 40 m depth. Only red algae are able to live and grow at greater depths than other 
seaweeds because their red pigmentation means they are able to absorb the blue light available at 
greater depths (maximum 30 m). 

5.4.1.1 Giant Kelp (Macrocystis pyrifera) 

Giant kelp is one of the largest seaweeds, classed as a ñbrown algaeò, and most abundant in the 
Falkland Islands forming extensive beds along the coastlines (Tussenbroek, 1989). It has been 
recorded as growing up to 60 m in length and commonly grows in ñforestsò, primarily found in more 
inshore waters, at depths between 3 ï 6 m and usually within 1 km of the shore. Many marine 
invertebrate and fish species are known to use these forests for both habitat and food, it is thought 
to be particularly important habitat for the Pealeôs dolphin (Lagenorhynchus australis), and 
spawning habitat for Loligo squid, which appears to preferentially lay eggs on solitary strands of 
kelp (Brown et al., 2010). Inshore waters are also important foraging grounds for many seabird 
species (White et al., 2002).  

Giant kelp is found in more temperate climates, where sea temperatures are less than 20°C. It is 
found in areas with rocky, or hard, substrate, which the kelp is anchored to via a holdfast. The stipe 
grows out of the holdfast and this then leads into the leaf-like fronds, which are buoyed by small 
gas-filled bladders. Research shows that giant kelp may grow at a rate of 60 cm per day (SMSG, 
2013).  

The waters of the Falkland Islands are particularly productive and nutrient rich and giant kelp 
flourishes in the area. Large kelp fronds may become detached from the seabed, as a result of 
grazing from benthic herbivores or during storm events, to form large rafts that float freely on the 
sea surface.  During the Environmental Baseline Surveys in the NFB in 2012, some algal litter 
believed to be giant kelp was observed on the seabed at some sample locations within the 
northern part of the Sea Lion area (Gardline, 2012). The kelp observed was quite deteriorated and 
undoubtedly drifted into these deeper waters from a near-shore area before settling onto the 
seabed. 

Distribution of free-floating kelp patches in Falkland Islands waters was reported from the at-sea 
surveys carried out between February 1998 and January 2001 (White et al., 2002). Floating kelp 
patches were particularly important foraging habitat for grey-backed storm-petrel (Garrodia nereis) 
with an additional 21 seabird species also recorded as associating with free-floating patches of 
kelp (Gillon et al., 2001).  
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5.4.1.2 Tree kelp (Lessonia spp.) 

There are four species of tree kelp that have been identified within Falklands waters: Lessonia 
flavicans (the most common of the four), L. nigrescens, L. frutescens (although this is suspected to 
be a local form of L. nigrescens (Skottsberg, 1921)) and L. vadosa. Tree kelp is often found 
intertwined with giant kelp growing between 3 and 20 m. Broad blade tree kelp (L. flavicans) 
inhabits slightly deeper waters than some of the other tree kelp species, from 2 to 20 m, inhabiting 
silty sediments and forms dense canopies. Conversely, the shallow tree kelp (L. vadosa) inhabits 
depths between 0.5 to 2 m and grows in areas of harder substrate. 

5.4.1.3 Other Algal Species 

Many species of algae have been identified in the near-shore waters of the Falkland Islands, the 
vast majority of which will only grow in shallower waters. Table 15 (SMSG, 2013) provides a list of 
the most common algae found in the Falklands. 

Table 15: Most Common Algae Species Found within the Falkland Islands Waters (SMSG, 2013) 

Phylum Common name Latin name 

Phaeophyta (brown algae) 

Giant kelp Macrocystis pyrifera 

Shallow tree kelp Lessonia vadosa 

Broad blade tree kelp Lessonia flavicans 

Bull kelp Durvillaea antarctica 

Creeping ring algae Herpodiscus durvillaea 

Bladder algae Adenocystis utricularis 

Sea potato Leathesia marine 

Rope algae Desmerestia chordalis 

Fur algae Desmerestia distans 

Chlorophyta (green algae) 

Cushion algae Codium effusum 

Dead manôs fingers Codium fragile 

Sponge weed Spongomorpha arcta 

Sea lettuce Ulva lactuca 

Gutweed Ulva intestinalis 

Ruffled sea lettuce Ulva linza 

Rhodophyta (red algae) 

Rock-leaf algae Lithophyllum falklandicum 

Encrusting coralline algae Corallina spp. 

Feathered coralline algae Corallina officinalis 

Blood algae Hildenbrandia lecannellieri 

Coiled algae Ahnfeltia plicata 

Iridescent algae Iridaea spp. 

Red sheet algae Gigartina skottsbergii 

5.4.2 Plankton 

5.4.2.1 Phytoplankton 

The planktonic community is composed of a range of microscopic plants (phytoplankton) and 
animals (zooplankton) that drift with the oceanic currents. These organisms form the basis of 
marine ecosystem food chains and many species of larger animals such as fish, seabirds and 
cetaceans are dependent upon them via smaller fish and zooplankton up the food chain. The 
distribution of plankton therefore directly influences the movement and distribution of other marine 
species. The distribution and abundance of plankton itself is heavily influenced by salinity, 
nutrients, water depth, tidal mixing and thermal stratification within the water column (NSTF, 1993). 
The majority of phytoplankton occur in the photic zone (the upper tens of metres, which receives 
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enough light for photosynthesis to occur) and are unicellular organisms, such as diatoms and 
dinoflagellates.  

There may be as many as 5,000 species of marine phytoplankton with diatoms, cyanobacteria and 
dinoflagellates amongst the most prominent groups.  Historic samples within the vicinity of the 
Falkland Islands indicated that there were relatively few phytoplankton species and high diatom 
abundance south of 44°S, whilst the northern waters were comparatively dominated by 
dinoflagellates and ciliates and crustaceans (Hendley, 1937; Rodhouse et al., 1992).  

5.4.2.2 Zooplankton 

The oceanography and topography of the southern Patagonian Shelf, with the strong Falkland 
Current deriving from the ACC moving northwards both west and east of the Falkland Islands, 
creates an area of very high zooplankton productivity immediately to the north of the Islands and 
as such supports complex communities of zooplankton (Tarling et al., 1995; Boltovskoy, 2000), 
which in turn support complex pelagic and demersal ecosystems (Agnew, 2002). 

A recent study by Padovani et al. (2012) examining the role of Themisto gaudichaudii on the 
Patagonian Shelf concluded that the species contributes greatly, both directly and indirectly, to 
supporting the fish community in the area. They proposed that T. gaudichaudii plays a key role in 
the sub-Antarctic region, similar to that of Antarctic krill (Euphausia superba) in Antarctic waters, 
channelling the energy flow and enabling a short and efficient food chain.  

Also important to the Falkland Islands offshore ecosystem is the role of gelatinous zooplankton, 
such as jellyfish. Arkhipkin and Laptikhovsky (2013) found that gelatinous plankton occurred in 
diets of seven species, with two species, Patagonian rock cod (Patagonotothen ramsayi) and spur 
dogs (Squalus acanthias), having >10% ctenophores (comb jellies) in their diet. They found that 
the consumption of gelatinous plankton was important in rock cod but was extremely seasonal, 
with the greatest occurrence in late summer to autumn. Comb jellies were most abundant in rock 
cod of 25ï34 cm total length, whereas salps (planktonic tunicates) were more frequent in larger 
individuals. In winter and spring, occurrence of gelatinous plankton in diets was reduced, reflecting 
their overall seasonal abundance in the ecosystem.   

Other important components of the zooplankton community include the shrimp-like crustaceans, 
euphaudiids Thysanoessa gregaria, Euphausia vallentini and E. lucens (Tarling et al. 1995; 
Boltovskoy 2000). These coupled with the hyperiid amphipod T. gaudichaudii are important prey 
items to two of the Falkland Islands most abundant finfish species (hoki (Macruronus 
magellanicus) and southern blue whiting (Micromesistius australis australis)) and Argentine shortfin 
squid (Illex argentinus) (Mouat et al., 2001; Agnew, 2002; Brickle et al., 2009). 

In contrast, the near-shore environment is dominated by the lobster krill, Munida gregaria. This is a 
very abundant species in the Falkland Islands near-shore environment and it is critical to this 
ecosystem (Agnew, 2002). It is also important in deeper water areas on the shelf where it forms 
important prey for seabirds, (Quillfeldt et al., 2011; Clausen et al., 2005; Michalik et al., 2010; Arata 
and Xavier, 2003) fish and baleen whales (Matthews, 1932; Arkhipkin et al., 2001; Laptikhovsky 
and Arkhipkin, 2003; Laptikhovsky, 2004; Brickle et al., 2009; Brickle, personal observation). 

5.4.3 Benthic Flora and Fauna 

Understanding the benthic fauna present within the NFB is crucial as drilling activity will directly 
impact on the benthos, and any drill cuttings and other potential pollutants may also have a 
detrimental effect on the species present. If there are any rare or protected species present within 
the area, this may also have an impact on potential drilling activities. Anthropogenic disturbances 
(such as from the oil industry) to the environment and the benthos can alter species diversity, 
abundance and even assemblage.  

Although the historical results are useful in a broad sense, it is important to mention that historically 
there have been significant inaccuracies and inconsistencies with the survey design, sample 
processing, and species identification. Indeed this is a main feature of the current GAP Analyses 
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Project. Precision and quality control with regards to taxonomy is being developed in conjunction 
with the Natural History Museum, UK to ensure that inconsistencies are not an issue in the future. 
The GAP project will also work with companies to ensure adequate design methodologies for 
Environmental Baseline studies. 

Seven baseline surveys were conducted by FOSA within the NFB licence blocks during 1998, and 
one post-drilling survey at one well location later in the year; a further survey was conducted by 
Benthic Solutions in 2008 in the southern NFB; and Gardline conducted an environmental baseline 
survey and post-drill survey within the Licence Blocks PL032, and PL04, in 2012. The methodology 
of each of these surveys is very similar, with sediment samples being collected with grabs and then 
sorted using a 0.5 mm mesh. All species found were generally sorted then preserved for taxonomic 
identification. As there are still many unknown and unidentified marine species within Falkland 
Islands waters, quite often the level of identification was not specific and often only to the Phyla 
level. It is also possible that the species resolution is greater in the later surveys than those 
conducted in 1998, as more species were identified in the interim period. Some surveys (for 
example, the Gardline surveys in 2012) removed specific taxonomic groups from the subsequent 
analyses (e.g. Copepoda, Mysidae, and Porifera) (Gardline, 2013a).  

Isobel/Elaine (now called Isobel Deep) Survey (2014) 

This survey was conducted on the Isobel/Elaine (now called Isobel/Deep) prospect area in blocks 
14/20, approximately 65 km to the south of the Rhea-1 well location. The survey was conducted by 
MG3 Environmental Ltd on board the MV Poseidon between April and May 2014. Environmental 
and taxonomic expertise was provided by Benthic Solutions Limited. The Isobel/Elaine survey area 
was located in a polygon approximately 10 km x 7 km surrounding the potential prospect area. Ten 
sites were investigated with environmental sampling based on a pre-determined grid format. An 
additional location (ESL-09B) was also investigated using camera and grab sampling in order to 
ground-truth a channel feature for habitat information that was recorded during the acoustic survey. 
Another camera transect, undertaken at station ESL-01 in the north of the survey area to survey a 
similar feature (see MG3, 2014). 

The water depths in the area vary from 330 m to 431 m. Habitat was assessed using a mix of 
acoustic and benthic ground truthing stations. The acoustic data was gathered using a ship 
mounted multibeam echo-sounder and a sub-bottom profiler. Benthic ground truthing was 
undertaken using a combination of high resolution imagery and a double grab sampler. 

The survey revealed one general seabed type with two minor habitat variations recorded around 
relic ice modified features. The dominant sediment type was relatively homogeneous fine sediment 
with a Holocene sedimentary drape of sandy silt and occasional gravel. There were two variations 
with regards to seabed features which were interpreted to be iceberg groundings from the 
Pleistocene or older. These features comprised pronounced lay outcrops at the base of 
depressions with coarser material and boulders near the sides and shoulders of the features. 

The noticeable biology in the area was the high densities of brittle stars; these were seen at all 
stations in the areas. Generally the survey area was fairly uniform and showed no evidence of 
habitats potentially considered as Annex I (European Habitats Directive). The presence of 
scleractinian (hard) corals in the form of an occasional cup coral over the softer sediments 
suggests a presence of some CITES Appendix II listed species in the area although these are not 
currently Red listed (IUCN). There were no records of geogenic or biological reefs or coral 
gardens, although isolated examples of octocorals are likely to be found on the larger individual 
drop stones located across the survey area. 

5.4.3.1 Sea Lion Area Pre-Development Environmental Baseline Survey and Post 

Drilling Survey (2013) 

These surveys were conducted in March and April, 2012 in Licence Blocks PL032 and PL04. In 
total, 90 stations were sampled: 54 in the environmental baseline survey, and 28 (four of which 
were replicated from the development survey) were conducted in areas where drilling had 
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previously taken place, and eight random QA/QC stations. Samples were collected using a Box 
corer, and three sub-samples were collected at each sample location. The ten most dominant 
species were calculated, as were the Shannon-Wiener diversity index, Simpsonôs dominance 
index, and Pielouôs evenness index (full results are presented in Gardline, 2013a).   

The entire survey area in the baseline survey was considered to be rich in species assemblage, 
diversity and abundance, with a total number of taxa of 471 (minimum at any one station: 56; 
maximum at any one station: 144) (Gardline, 2013a). Of these 471 taxa, 81 were found at only one 
station. The total number of individual animals present was 41,527, with a range of 320 to 1,434 at 
each station. The results and analyses showed that the entire survey area was fairly homogeneous 
and the benthic community was typical of silt and mud benthic environments in the area. The 
community structure also indicates one that is undisturbed and unpolluted by anthropogenic 
activity. 

Overall, polychaetes were the most abundant taxonomic group in terms of the number of taxa 
present, in most stations and overall, making up 53% of the taxa found throughout the survey area. 
Crustaceans were the next most abundant group, making up 23% of the total taxa. The molluscs 
were the next most abundant group, followed by echinoderms. ñOtherò taxonomic groups made up 
the remainder. With respect to individual animals, overall crustaceans were the most abundant, 
making up 38% of the total number of individuals and polychaetes made up 37% of the total. 
Molluscs were the next most abundant group. There appeared to be a slight degree of spatial 
differentiation, with slightly more crustacean species found in the southern part of the survey area.  

In the post-drill survey, the benthic community was again found to be rich in species diversity, 
assemblage and abundance. No evidence of anthropogenic disturbance as a result of drilling 
activities was found, and the community was typical of those found in undisturbed/unpolluted 
medium to coarse silt environments. Species diversity and abundance was relatively uniform 
across the survey area. The number of taxa found in this survey was 468 (minimum at any one 
station: 104; maximum at any one station: 127). Of these taxa, 119 were found at only one station. 
The total number of individuals present was 26,280, with a range from 392 to 1,222 at one station.  

As in the baseline survey, polychaetes were the most abundant taxonomic group in terms of 
number of taxa present, accounting for 43% of the total number of taxa found, followed by 
crustaceans, which made up 32% of the total number of identified taxa. These were followed by 
molluscs, then echinoderms, and the ñotherò taxonomic groups making up the remainder. In terms 
of numbers of individuals, however, crustaceans were again the most numerous, accounting for 
39% of the total number of individuals, followed by polychaetes which were 43% of the total. 
Molluscs were the next most abundant group.  

The ten most abundant species were almost exactly the same in both the environmental baseline 
survey and the post-drilling survey, with the only differences being the ninth and tenth most 
dominant species: the ninth was a different amphipod species in each survey and the tenth was a 
different gammarid amphipod species (Appendix B, Table 1). In the baseline survey, eight of the 
species present made up 41% of the total number of individuals found. 

5.4.3.2 North Falkland Basin FOSA Pre-Drilling Surveys (1998) 

In total, seven baseline surveys were conducted at different proposed well sites in the NFB in 
February/March 1998, and a post drill survey was conducted at the ñLittle Blue Aò well in October 
1998. Each sample station was considered to be rich in species diversity and abundance, with 
between 124 to 179 taxa being recorded at each site. It was also clear that they were undisturbed 
sites with taxonomic assemblages typical of undisturbed and unpolluted silts and muds (which 
were the sediment types found at each location). No clear spatial resolution was evident within the 
survey area; i.e. the stations sampled were fairly homogeneous with respect to the species present 
at each. 

Consistently, across all survey locations annelids (polychaetes) were the most abundant group, 
followed by crustaceans, then molluscs, and echinoderms (Appendix B, Table 2). Only at the 



 2015 Rhea-1 Exploration Well Environmental Impact Statement 
  Document No: 024-15-EHSR-EIS-PA-T4 

Revision 2.0, 7
th
 May 2  Page 122 of 449 

ñMinkeò location were echinoderms more abundant than molluscs, and at location 14/23-A 
echinoderms and molluscs were present in equal numbers of species (Appendix B, Table 2). All of 
the species that were noted among the most dominant species at each survey site (Appendix C, 
Table 3) were all considered to be active or filter detrital feeders. 

The Little Blue well (called ñAò and ñIò in Appendix B, Table 2) was surveyed both prior to- and 
post- drilling, with eight months between each survey. At the post drilling survey, ten more taxa 
were found (increasing from 144 to 154 (Appendix B, Table 2)). However, this increase in the 
number of taxa found is believed to be due to normal seasonal effects than as a result of any 
disturbance caused by drilling. Otherwise, the dominant species were exactly the same both pre- 
and post- drilling. Therefore, it is evident that the drilling activities did not cause any disturbance to 
the benthic community, and the location can still be regarded as ñundisturbed and unpollutedò.  

However, it should be noted that the lack of taxonomic resolution in these surveys may pose a 
problem when comparing with later survey data. It is also possible that some species were 
misidentified (Gardline, 2012a). 

5.4.3.3 Rhea-1 Regional Environmental Habitat Assessment (RPS, 2015) 

Based on the data available on the physical characteristics of sediments across the northern 
Licence Blocks, the consistency of occurrence of these sediments across the areas surveyed, 
together with the consistent seabed morphology across the northern Licence Blocks, the 
sediments present in the vicinity of the Rhea-1 well location are expected to be dominated by fines 
and comprise sandy muds with a low and varying proportion of gravel content. 

According to the JNCC guidance on classification of deep sea habitats and biotopes (Parry et al., 
2015), the seabed habitats present within the NFB are considered to be most similar to the Atlanto-
Arctic [Antarctic] upper bathyal mud (M.AAUB.Mu) habitat. This classification is considered 
appropriate due to:  

¶ The mixing of cold Antarctic waters with the warmer waters of the south Atlantic;  

¶ The depth of the Rhea-1 well site and northern Licence Blocks (i.e. within the upper bathyl 
depth band of 300-600 m); and  

¶ The consistent muddy habitats, as defined by Long (2006), across the entire northern 
Licence Blocks.  

Based on the similarity of the sediment type and water depths within the vicinity of Rhea-1 
compared to the data reviewed within the wider NFB, it is concluded that the habitats will be 
dominated by a diverse array of infaunal polychaete species and amphipod species (i.e. deposit 
feeders) (RPS, 2015). 

It is likely that the epifaunal communities recorded from seabed images in other studies (e.g. the 
Sea Lion survey area) in the northern Licence Blocks are also likely to be representative of the 
epifaunal communities at the Rhea-1 well location. Given the predominantly muddy nature of the 
sediments across the region, sea pen and echinoderm (urchin) communities could be patchily 
distributed across the area, although due to a lack of epifaunal data (compared to infaunal data) 
there is a degree of uncertainty associated with this conclusion (RPS, 2015). 

Iceberg ploughmarks characterise the seabed across most of the NFB. These ice ploughmarks are 
probably formed by large icebergs drifting from Antarctica along the eastern branch of the Falkland 
Current during the Last Glacial Maximum approximately 20,000 years ago (Lopez-Martinez, 2011). 
No ice modified seabed features were identified with 500 m of the Rhea-1 well and although this is 
of interest generally for the area, is not significant for the Rhea-1 well (RPS, 2015). 

No areas of coarse or hard substrates, which could be indicative of cold water coral habitats or 
sponge aggregations, were recorded during surveys and geomorphological mapping of the 
northern Licence Blocks, which strongly indicates that any such substrates are not present near 
the Rhea-1 well site (RPS, 2015). 
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5.4.3.4 Summary 

The community throughout the areas surveyed to date, both pre- and post- drilling, is that of a 
typical silt/mud benthic environment, and also appears to be undisturbed and unpolluted. Drilling 
activities appear to have had no effect on the benthic community within the affected areas. One 
point of concern is that the lack of taxonomic resolution may make comparison between each data 
set more difficult and earlier work may have misidentified some species. However, both sets of 
surveys have brought new species to light and have led to more marine benthic species within 
Falkland Islands waters being identified. This work continues in collaboration with the Natural 
History Museum in the United Kingdom. 

5.4.4 Fish Ecology (Commercial and non-commercial species) 

This section provides a summary of the most abundant fish and squid species within Falkland 
Islands waters, describes their seasonal abundances in relation to the northern Licence Blocks, 
their seasonal spawning migrations and their principal diet. The wider area of continental shelf and 
slope in the vicinity of the Rhea-1 well site provides important feeding grounds for a number of 
species throughout all seasons of the year, with a slight decrease in the number of species present 
during the spring months.  Whilst a number of these fish and squid species spawn within the 
Falkland Islands inner shelf and deep slope waters, none of the commercial species are known to 
have spawning grounds within the area of the proposed exploration well and many species migrate 
outside of Falkland Islands waters to spawn (Arkhipkin et al., 2012a). A number of skate species 
are known to spawn in this area based on the evidence from the occurrence of hatchlings and 
reproductively active females (Pompert, 2011). 

5.4.4.1 Patagonian Shelf Habitats 

The Patagonian Shelf and Slope are amongst the two most biologically productive areas in the 
southwest Atlantic.  As the Falkland Current meets the continental slope it results in an area of 
strong upwelling of Sub-Antarctic Surface Water (SASW) that forms a highly productive frontal 
zone as it mixes with shelf waters.  Due to its high primary productivity, the Patagonian Shelf 
ecosystem is characterised by abundant pelagic and demersal organisms that support rich squid 
and fish resources. Many species of fish and squid within the Patagonian ecosystem, such as 
Argentine shortfin squid, common hake (Merluccius hubbsi) and hoki, migrate seasonally to the 
productive frontal zones (between two water masses) for feeding and back to non-frontal zones 
during spawning periods, resulting in seasonal changes in the fish assemblages across the 
ecosystem.  The convergence of the SASW and Patagonian Shelf waters at the Falkland Islands 
shelf break forms the transition between the temperate and sub-Antarctic ecosystems, and 
consequently species belonging to both temperate and sub-Antarctic taxa are found within the 
area. 

The Falkland Islands Conservation and Management Zones (FICZ and FOCZ) delineate the extent 
of commercial fishing in the Falkland Islands EEZ, and six main habitat zones have been identified 
within this area characterised by bottom topography, bathymetry, water structure and 
hydrodynamics (Arkhipkin et al., 2012a). These zones are represented by: 

¶ Inner Shelf (IS);  

The outer shelf is subdivided into two habitats,  

¶ North-Western Outer Shelf (NWOS);  

¶ South-Eastern Outer Shelf (SEOS). 

The upper continental slope partitioned at latitude 51° S into two habitats: 

¶ Northern Slope (NS);  

¶ Southern Slope (SS); and  
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¶ Deepwater Slope (DS) at depths between 600 and 1,200 m.  

The Rhea-1 well site sits in the North Slope area in the FICZ (Figure 22). 

The NS covers an area of 50,686 km2, with an average depth of greater than 400 m. The shallow-
water area (250ï350 m) of NS is mainly flat with sandy or muddy bottom topography and is heavily 
trawled throughout the year for finfish and skates. The deep-water area to the northeast of the NS 
has rough bottom topography and is covered with corals to the north and is therefore difficult to 
work by trawlers. The shallower part of the NS is covered by the transition zone of Patagonian 
Shelf waters mixing with the SASW. There is only slight seasonal variation in temperature (4·8ï
5·5°C with the maximum observed in April to May) and salinity (34·06ï34·11 ppt). The offshore 
deeper part of the NS is covered by the SASW mass with practically constant near-bottom 
temperatures (4·1ï4·3°C) and salinities (34·1ï34·2 ppt) (Arkhipkin et al., 2012a). 

5.4.4.2 Seasonal abundances around the Falkland Islands 

Despite the productivity of the Falkland Islands waters only a small number of predators (fish and 
squid) spend all year around the eastern Patagonian Shelf and only consume a relatively small 
proportion of this bounty. Most of the productivity is exploited by non-resident migrating species 
that move to the area from distant spawning grounds to take advantage of the highly productive 
waters (Arkhipkin et al., 2012b). Sharks, skates, squid, tunas and gadoids migrate to the area at 
different times of the year to feed. A number of deep water species of fish and squid feed within the 
area as juveniles and move to deeper waters as they mature and become adults. Arkhipkin et al. 
(2012b) hypothesized that the high abundance of intermediate sized predators prevents most 
higher-trophic level predators (such as sharks, squid and tuna) from establishing spawning 
populations in the area, as their larvae and fry would be overwhelmed by predation. Instead, the 
higher-trophic level predators establish spawning and nursery grounds elsewhere and utilise 
resources in and around the Falkland Islands when they reach adulthood and therefore less 
vulnerable to predation. 
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Source: Arkhipkin et al. 2012a. Inner shelf (IS), north-western outer shelf (NWOS), south-eastern outer shelf (SEOS), 
northern (NS) and southern slope (SS) and deep water slope (DS). 

Figure 22: Map Delineating Habitat Zones within Falkland Islands Waters 

 



 2015 Rhea-1 Exploration Well Environmental Impact Statement 
  Document No: 024-15-EHSR-EIS-PA-T4 

Revision 2.0, 7
th
 May 2  Page 126 of 449 

5.4.4.3 Migration patterns around the Falkland Islands 

This was summarised from Arkhipkin et al. (2012b). Data for this study were collected by Falkland 
Islands Government Fisheries Department (FIGFD) Scientists and Scientific Observers from 
13,044 commercial bottom and pelagic trawls between 2000 and 2010 and from 1,272 research 
trawls between 1999 and 2011. Relative abundances were calculated as catch per unit effort (kg 
trawl-h-1). 

Sub-Antarctic fauna 

Southern blue whiting is an abundant pelagic migratory species associated with sub-Antarctic 
waters. Its spawning grounds are to the southwest of the Falkland Islands where it congregates 
during the spring (Appendix E). Once spawning is complete the Southern blue whiting migrate onto 
the South-Eastern Outer Shelf (SEOS), and to a lesser extent in the Southern Slope (SS), where 
they feed on the abundant plankton resources (Brickle et al., 2009).  During the summer (Dec-
Feb), the main proportion of southern blue whiting migrates to the NS, and then further north with 
the Falkland Current beyond the southern Patagonian Shelf.  

Southern hake (Merluccius australis) is a large bentho-pelagic predator consuming prey both in the 
water column and near the seabed, particularly smaller fish.  Its greatest abundance observed in 
Falkland Islands waters is during the austral summer when it migrates to forage in the SEOS, 
North-West Outer Shelf (NWOS) and SS. In autumn they almost disappear from the NWOS but 
remain abundant in the SS. The lowest biomass is observed during winter when they migrate into 
Chilean waters to spawn (Arkhipkin et al., 2003; Payá and Ehrhardt, 2005; Bustos et al., 2007; 
Brickle et al., in press) (Appendix E).  

Hoki or whiptail hake is one of the most abundant fish in the seas around southern South America. 
Spawning typically occurs during the winter months in areas outside of southern Patagonian Shelf 
waters (Appendix E). During spring hoki migrate to their feeding areas on the Falklands continental 
slope where it occurs in significant numbers in the NS and also in the SS and NWOS. Hoki is an 
opportunistic predator primarily consuming zooplankton, small fish and squid (Brickle et al., 2009).  
It has been suggested that approximately 20-25% of the population migrate to the warm waters of 
the NWOS during the spring and summer. During autumn, the majority of hoki return to the upper 
slope and are found in large numbers over the NS.  In winter, most of the population migrates 
outside the southern Patagonian Shelf to spawn with low numbers remaining on the SS. Unlike 
southern blue whiting, hoki appear both in shallow waters of IS and deep waters of the slope (DS); 
especially in autumn.  

Patagonian toothfish (Dissostichus eleginoides) is a near bottom predator that has a wide 
distribution around the sub-Antarctic. The overall seasonal distribution of toothfish does not change 
significantly between the various habitat zones. The seasonal dynamics within habitat zones 
suggests that in winter toothfish stay mainly in deepwater (DS) and slope region (NS), and start to 
migrate to shallower waters of the NWOS, SS and SEOS in spring. In summer, toothfish migrate to 
the warmer waters of NWOS and NS to forage on Patagonian rock cod, moving back to the slope 
regions (mainly NS) in autumn (Arkhipkin et al., 2012a).   

The greater hooked squid (Onykia ingens) is an abundant species throughout the Southern Ocean 
and feeds predominantly on fish species (Arkhipkin et al., 2012b). It is a relatively large squid 
(maximum reported mantle/body length of 61 cm) found from the surface to the deep waters (at 
1,100 m; Jackson, 1993). Although abundant, this species is not commercial due to the high 
concentrations of ammonia in its flesh; however, it is one of the main prey items for shelf and slope 
cetaceans (Clarke, 1980). Following the winter spawning period the adults die, and in spring the 
juveniles move from the deep-water spawning area to shallower waters on the NS and SS. In 
summer, the maturing juveniles forage mainly on the NWOS, NS and SS to depredate on 
Patagonian rock cod. By autumn, the now fully mature greater hooked squid make their migration 
back to deep waters to spawn, gradually disappearing from shelf and upper slope areas, and 
reaching their highest abundance in DS (Arkhipkin et al., 2012a). 



 2015 Rhea-1 Exploration Well Environmental Impact Statement 
  Document No: 024-15-EHSR-EIS-PA-T4 

Revision 2.0, 7
th
 May 2  Page 127 of 449 

Red cod (Salilota australis) is a relatively large demseral fish. On the Falkland Islands Shelf red 
codôs abundance is highest in spring in the SEOS, SS and NWOS, during their spawning and post 
spawning period. In the summer they disperse mostly over the NWOS to feed (Arkhipkin et al., 
2001). In autumn they are mainly dispersed across the shelf and then in winter adult fish start to 
migrate back to the SEOS to spawn (Arkhipkin et al., 2010 and 2012b, Brickle et al., 2011). 

Patagonian long-finned squid (typical mantle length of 13ï17 cm), locally known as loligo, is an 
important domestic commercial species that spends its whole life cycle in Falkland Islands waters 
(Arkhipkin et al., 2012b). The loligo population comprises two different spawning groups, the first 
spawning during spring and the second spawning during the autumn season. This small loliginid 
squidôs abundance is high in winter, when pre-spawning animals forage for zooplankton in SS, 
SEOS and less significantly on the NS. During the spring the abundance is very low as many 
animals move to inshore areas to spawn and die. The population increases again during summer 
as the newly hatched juveniles move from inshore waters to the SEOS and SS to feed on the 
abundant zooplankton, whilst avoiding depredation pressure from the larger fish (Arkhipkin et al., 
2012b). During August the second spawning group migrates into inshore waters to spawn, whilst 
the maturing juveniles from the spring spawning group replace them on the SEOS feeding 
grounds. 

Temperate fauna 

Common hake (Merluccius hubbsi), like the austral hake, is a near bottom predator that inhabits 
the temperate waters of the Patagonian Shelf and slope (Cohen et al., 1990). During the autumn 
and winter, common hake migrate to their main foraging grounds in the NWOS, and to a lesser 
extent in the NS, to feed on Patagonian rock cod. During spring and summer common hake 
abundance decreases significantly in the FICZ as they migrate northwest to their spawning 
grounds on the northern Patagonian Shelf (Arkhipkin et al., 2003; Arkhipkin et al., 2012a) 
(Appendix E). 

Kingclip, also known as the pink cusk eel (Genypterus blacodes), is a large eel-like benthic 
predator that occurs in the temperate shelf and slope waters of southern South America (Renzi, 
1986). The greatest abundances were found in the NWOS, SS and SEOS, which are the main 
foraging area of this species. During the summer approximately 60% of the adult population 
migrate to their spawning grounds in the northern Patagonian Shelf outside Falkland Islands 
waters. In autumn, their abundance is at a minimum with remaining individuals possibly skipping 
spawning in the NWOS and SS. In winter, kingclip migrates back to the Falkland Islands to forage 
primarily on Patagonian rock cod with increased abundances in NWOS, NS and SS. They then 
move from the NS further south to SS to continue feeding during spring (Arkhipkin et al., 2012b) 
(Appendix E). 

The Patagonian rock cod (Patagonotothen ramsayi) is a bentho-pelagic species consuming prey 
both in the water column and near the seabed on the shelf and upper slope (50-500 m depths). 
The abundance of Patagonian rock cod has increased several fold in recent years and it is now the 
most abundant finfish on the Falkland Islands shelf and has become one of the most important 
finfish fisheries in the Falkland Islands (FIGFD, 2013). It is hypothesised that the regional decline in 
southern blue whiting is a factor in rock codôs increased abundance (Laptikhovsky et al., 2013).  
Patagonian rock cod is itself an important prey species for all predatory fish (Laptikhovsky et al., 
2013) and juvenile phases of loligo squid. This temperate species has a flexible diet with the ability 
to switch between main food sources as their abundance varies with the seasons (Arkhipkin and 
Laptikhovsky, 2013). During the spring and summer months, rock cod feed primarily on 
zooplankton crustaceans and benthic organisms in the NWOS and NS coinciding with peak 
zooplankton production during these months (Arkhipkin et al., 2012b). During the late summer and 
autumn months gelatinous plankton form an important part of their diet (up to 46% of stomach 
contents), reflecting their overall seasonal abundance in the oceans (Arkhipkin and Laptikhovsky, 
2013). The abundance of rock cod declines, particularly in the upper slope areas (NS and SS) 
during autumn, due to a migration out of Falkland Islands waters in preparation for the winter 
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spawning period. A small proportion of the stock remains on the SS during the winter months 
(Appendix E).  

The Argentine shortfin squid is medium-sized (typical mantle length of 35 cm), has an annual life 
cycle (Hatanaka, 1986) and is the most abundant squid species in the southwest Atlantic. It is 
mostly associated with the temperate waters of the Patagonian Shelf and highest abundances are 
recorded on the NWOS and NS during the summer where it migrates to the southern part of its 
range to forage on zooplankton, in particular krill (e.g. Thysanoessa gregaria, Euphausia vallentini 
and E. lucens) and pelagic amphipods (such as Themisto gaudichaudii). In autumn, they make 
their way north along the slope as part of their pre-spawning migration and abundances in the 
NWOS and NS decreases. During the rest of the year this species is absent from the Patagonian 
Shelf and slope (Arkhipkin et al., 2012b). 

The yellownose skate (Zearaja chilensis) is a relatively large skate that reaches 120 cm total 
length. It is moderately abundant in water depths between 100 and 300 m on the temperate 
shelves around southern South America (Nakamura et al., 1986) but rarely found in depths 
>500 m. A migratory species, the yellownose skate makes long spawning migrations out of 
Falkland Islands waters to warmer waters in the summer (Arkhipkin et al., 2013). The skate returns 
in autumn during their feeding migration to prey on other fish and squid, which are abundant in 
Falkland Islands waters. The yellownose skate reaches maximum abundance around the Falkland 
Islands in austral winter (July to September) primarily on the NWOS (Arkhipkin et al., 2013). 
Throughout the spring, their abundance gradually decreases in the northern regions with some 
movement likely to the southern slope. This species has been assessed as Vulnerable on the 
IUCN Red List and the population is thought to be in decline.  The yellownose skate is one of the 
four species dominating the multispecies skate fishery in the Falkland Islands, which is currently 
managed by limiting the fishing effort and numbers of licences. The late maturation of females at 
14 years old and low reproductive capacity makes this species vulnerable to overfishing. 

The spur dog (Squalus acanthias) is a small shark that is associated with temperate waters of the 
Patagonian Shelf (Nakamura et al., 1986). The spur dog reaches its maximum abundance in 
Falkland Islands waters in the NWOS during spring with smaller aggregations in the NS. In 
summer through to autumn this species migrates out of Falkland Islands waters onto the Argentine 
Shelf and into international waters (Arkhipkin et al., 2012b). This species has been assessed as 
Vulnerable on the IUCN Red List and the population is thought to be in decline. Although naturally 
abundant, it is vulnerable to over-exploitation by fisheries due to its late maturity, low reproductive 
capacity, longevity, long generation time (25 to 40 years) and hence a very low rate of population 
increase (2-7% per year). 

The slender tuna (Allothunnus fallai) is a medium sized tuna growing to a maximum total length of 
approximately 100 cm. It has the most southerly distribution of tunas in the South Atlantic. This 
species feeds predominantly on zooplankton and is recorded in the IS in summer with the greatest 
abundance appearing in autumn in the NS. During the winter and spring months the slender tuna is 
completely absent from the Falkland Islands waters (Arkhipkin et al., 2012b). 

5.4.4.4 Species sensitivity within the NS 

The six sub-Antarctic and seven temperate fish and squid species found in abundance in Falkland 
Islands waters primarily utilise these areas as productive feeding grounds, migrating around and 
out of these waters as food availability changes and to follow seasonal spawning migrations. The 
Northern Slope (NS) area, where the Rhea-1 well is located, is an important feeding area for a 
number of these species, whose abundance in the NS varies with season.  

Table 16 summarises the relative abundance of the main fish species throughout the six main 
habitat zones over the four óseasonsô. The habitats are identified in order of abundance of each 
species, and cell highlighting relates only the relative abundance within the NS, with darker 
turquoise highlighting indicating higher abundances, and pale blue indicating relatively lower 
abundances in the NS.  The summary in Table 16 indicates that the NS provides an important 
foraging area for some species throughout the year, with the spring season showing lowest 
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species abundance with only hoki and yellownose skate found in higher abundances.  Most 
species have relatively wide distributions being present in several habitat areas within each 
season, suggesting that no species is solely reliant on the NS area as a feeding ground. However, 
during the autumn and spring greater than 50% of the hoki population inhabits the NS over other 
areas (Arkhipkin et al., 2012b); similarly southern blue whiting predominantly inhabit the NS during 
summer, slender tuna during autumn and the yellownose skate during winter.  

While the productive Falklands waters support the foraging of a diverse, abundant assemblage of 
fish and squid, a more unusual aspect of Falklands waters is the migration of the majority of higher 
trophic species to spawn elsewhere, like southern and common hake, hoki and kingclip. Only a few 
large predators such as red cod (SEOS), several skates and the loligo (IS) and greater hooked 
squid (DS) spend their entire life cycle in the shelf ecosystem (Arkhipkin et al., 2012b). 

 

Table 16: Summary of Seasonal Abundance of Fish Species in Relation to Sea Lion Field in the 
Falklands Islands Northern Slope (NS) Habitat Zone 

 Spring 
(Oct ï Dec) 

Summer 
(Jan ï Mar) 

Autumn 
(Apr ï Jun) 

Winter 
(Jul ï Sept) 

Sub-Antarctic species 

Southern blue whiting SEOS / SS / NWOS 
NS/ SS/ NWOS/ 

SEOS 
NS / SS / DS SEOS / SS / NWOS 

Southern hake SS/ NWOS/ NS/ DS NWOS / SS / DS SS / NWOS SS / NWOS / NS 

Hoki (whiptail hake) NS/ NWOS/ SS/ SEOS SS / NS / NWOS 

Patagonian toothfish 
DS/ SS / SEOS/ NS/ 

NWOS 
NWOS/ NS/ DS/ SS NS/ DS/ SS/ NWOS  

DS/ SS/ NS/ NWOS/ 
SEOS 

Greater hooked squid DS / NS / SS 
DS/ NWOS/ NS/ SS/ 

SEOS 
DS/ SS/ NWOS/ 

SEOS/ NS 
DS / SS / NS 

Loligo squid IS / SS IS / SEOS / SS SEOS / IS SS / SEOS / NS 

Temperate species 

Common hake NWOS / NS NWOS / NS NWOS / NS NWOS / NS 

Kingclip 
NWOS/ SS/ NS/ 

SEOS 
NWOS / SS / NS NWOS / SS / NS NWOS / NS / SS 

Patagonian rock cod NWOS / SEOS / NS 
NWOS/ NS/ SS/ 

SEOS 
NWOS / NS / SS 

NWOS/ SS/ NS/ 
SEOS 

Argentine shortfin squid Absent NWOS / NS NWOS / NS Absent 

Yellownose skate 
NS/ NWOS/ SS/ 

SEOS 
NWOS NS / SS / NWOS NS / NWOS / SS 

Spur dog NWOS / NS / IS NWOS NWOS NWOS / NS 

Slender tuna Absent IS / SEOS / NWOS NS / NWOS / SEOS Absent 

Note: High abundances in the NS highlighted in turquoise. Low abundances in NS highlighted in light blue. 
Habitat Zones: IS - inner shelf, NWOS - north-western outer shelf, SEOS - south-eastern outer shelf, NS - northern 
slope, SS - southern slope and DS - deepwater slope. 

Based on data from Arkhipkin et al., 2012b. 

5.4.4.1 Other Commercial and Non-commercial fish species on the Northern Slope 

Although not commercial currently, grenadiers, particularly the Ridge scaled rattail (Macrourus 
carinatus), are abundant in the area and may be subject to a future fishery (Payá, 2009). Other 
species not mentioned above include a number of skate species (some examples are mapped in 
Appendix E), morid cods and psychrolutid fish. Lantern fishes (Myctophidae), the black smelts 
(bathylagids) and other bentho-pelagic fish also contribute to the fish community on the Northern 
Slope. Little is known about their biology and life history in the Falkland Islands but they likely play 
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a significant role in the ecology, through the consumption of primary consumers and vertical 
migrations, which could play a major role in exporting carbon from the surface layers to deeper 
water. These are important features of the ecosystem on the North Slope (P. Brickle pers. obs). 
They were also evident in many of the drop down camera surveys undertaken in the region of the 
Sea Lion area (Gardline, 2013). 

5.4.5 Marine Mammals 

Marine mammal species comprise whales, dolphins and porpoises (cetaceans) and seals 
(pinnipeds). Cetaceans can be divided into two main categories: baleen whales (Mysticeti) such as 
the humpback whale (Megaptera novaeangliae), which feed by extruding plankton from seawater 
through baleen plates; and toothed whales (Odontoceti) such as killer whales (Orcinus orca) and 
dolphins, which have teeth for prey capture. Pinnipeds are fin-footed, semi-aquatic marine 
mammals that spend part of their time hauled out on land where they rest, moult and breed. 

The Falkland Islands support a diverse range of marine mammal species. Much of the information 
regarding the status of species comes from anecdotal reports and records of stranded animals 
(Otley, 2008). However, there have also been a number of at-sea surveys. Over a three year 
period between 1998 and 2001, a team of Joint Nature Conservation Committee (JNCC) observers 
systematically surveyed the seabird distributions around the Falkland Islands (White et al., 2002). 
Although the methodology used was not specifically designed to survey the distribution of marine 
mammals, all animals sighted were recorded. White et al. (2002) remains the most comprehensive 
account of the at-sea distribution of marine mammals within Falkland Islands waters, however, the 
age of the dataset raises uncertainty as to how representative it is of present day populations. For 
instance, anecdotal observations suggest that the number of large baleen whales in Falklands 
waters has increased since these surveys were undertaken. In recent years, marine mammal 
observers on seismic vessels (Polacus, 2011; Geomotive and MRAG, 2011) and the deployment 
of acoustic monitoring devices (Hipsey et al., 2013) have added to our knowledge of the 
distribution and abundance of marine mammals in the region. The dispersion of marine mammals 
within Falklands waters remains poorly understood but the data available suggests that most of 
these species are present on a seasonal basis (see Figure 24). 

Confirmed sightings and stranding records indicate that 25 species of cetacean occur within 
Falkland Islands waters. Many of these species are rare and inconspicuous, some are only known 
from stranded animals; however, from the available evidence it is possible to summarise the status 
of these species within Falkland Islands waters Appendix C, Table 1. Of the 25 species listed as 
occurring in the southwest Atlantic, two species are listed as Endangered on the IUCN Red List, fin 
Balaenoptera physalus and sei whales B. borealis, and one species, the sperm whale Physeter 
macrocephalus, is listed as Vulnerable. 

At least, six pinniped species have been recorded in the Falkland Islands in recent years. There 
are three breeding species (South American fur seal (Arctocephalus australis), southern sea lion 
(Otaria flavescens) and southern elephant seal (Mirounga leonina); one seasonal visitor (Antarctic 
fur seal (Arctocephalus gazella); one occasional visitor (leopard seal, Hydrurga leptonyx) and one 
vagrant (Ross seal, Ommatophoca rossii). It is possible that other species from the Antarctic or 
sub-tropics occur as rare visitors or vagrants, for instance sub-Antarctic fur seal, Arctocephalus 
tropicalis. The fur seals and sea lion are eared seals (Otariidae), while the elephant, leopard and 
Ross seals are earless or ótrue sealsô (Phocids), which are less agile on land than eared seals, due 
to their less flexible hind limbs.   

The abundance and availability of prey, including plankton, fish and squid, can be of prime 
importance in determining the number and distribution of marine mammals. Although cetaceans 
are not tied to land to breed, many species return to specific areas to calve and reproduce each 
year. During the non-breeding period, many of the larger species make ocean-wide migrations to 
exploit specific feeding grounds, often at high latitude. It is believed that many of the cetaceans 
recorded within Falkland Islands waters are on passage through the area to and from these 



 2015 Rhea-1 Exploration Well Environmental Impact Statement 
  Document No: 024-15-EHSR-EIS-PA-T4 

Revision 2.0, 7
th
 May 2  Page 131 of 449 

feeding/breeding grounds. Changes in the availability of principal prey species could result in local 
changes of marine mammal numbers (SMRU, 2001). 

5.4.5.1 Mammals recorded during JNCC seabirds at-sea surveys 

It is generally considered that there is insufficient data available for most marine mammal species 
in the Falkland Islands; in particular information on foraging and breeding areas, seasonal 
distribution and abundance and diet is particularly scarce (Otley et al., 2008). The JNCC seabirds-
at-sea team (SAST) described the distribution of marine mammal species in Falkland Islands 
waters from the results of surveys conducted between February 1998 and January 2001 (White et 
al., 2002). The JNCC survey represents the most comprehensive visual survey of marine 
mammals in this area to date. Visual surveys were conducted during 91 cruises covering a total 
area of 20,907 km2. Figure 23 shows the area covered and the total survey effort between 1998 
and 2001, and the location of the Sea Lion area in the northern sector of the survey area. Although 
marine mammals were recorded whenever sighted, the methodology used in these surveys was 
not specifically designed to record marine mammals; it was designed to record seabird distribution. 
Since the end of the JNCC supported project, some additional seabird and marine mammal 
surveys have been conducted within Falkland Islands waters, using the same methodology. To 
date, these datasets have not been collated and analysed as a whole.  

 

Figure 23: Total survey effort achieved during JNCC surveys between February 1998 to January 
2001 (White et al. 2002) 

The JNCC survey documented 6,550 individuals, identifying 17 species of marine mammal, 
including 14 cetacean and three pinniped óspeciesô (Appendix C, Table 1).  

Survey effort was generally greatest during the summer months when daylight hours allowed for 
more surveying (the months of January, September and November, produced annual means of 
817, 912 and 897 km2, respectively). Lower survey effort was obtained during the autumn months 
when the survey bases (Fishery Patrol Vessels, FPVs) were required elsewhere. The lowest 
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monthly effort was achieved in February, April, and May, with respective annual mean survey 
efforts of 448, 493 and 465 km2. Figure 24 shows the relative occurrence of sightings for each 
species throughout the year. These data are adjusted to account for the differences in monthly 
survey effort. Although several species appear to be present year-round (for example, sperm 
whales and Pealeôs dolphins), others exhibited a marked seasonality (for instance, hourglass 
dolphin Lagenorhynchus cruciger and southern bottlenose whale Hyperoodon planifrons). Baleen 
whale sightings were comparatively low between May and September, which is likely to be 
explained by the migratory behaviour of these species.  

 

 

Figure 24: Relative incidence of marine mammal sightings, by species, adjusted for monthly survey 
effort (data from White et al. 2002). 

It is possible to broadly describe the seasonal occurrence and general distribution of most species 
of cetacean. Combined with more recent survey data, a better understanding of Falkland Islands 
cetacean populations is developing but much remains to be learnt regarding the rarer species.  

The three commonest species recorded during the JNCC surveys were all dolphins and accounted 
for 68.4% of all cetacean records. The most commonly recorded species was Peale's (644 
sightings) with hourglass (150 sightings) and Commerson's dolphins (Cephalorhynchus 
commersonii) (84 sightings) also regularly recorded while southern right whale dolphins 
(Lissodelphis peronii) were only observed on five occasions. The three most frequently recorded 
dolphin species each exhibited a distinct spatial pattern of dispersion with very restricted overlap in 
their ranges (see species accounts below). There was evidence of seasonal variation in the 
dispersion pattern of hourglass dolphin.  

The JNCC survey did not record all the species that are known or believed to occur around the 
Falkland Islands. Appendix C, Table 1 also lists species that have been found stranded in the 
Falkland Islands (Otley et al., 2012) but were not observed during the JNCC survey (White et al., 
2002). In addition to seven beaked whale species (Otley et al., 2011), dusky (Lagenorhynchus 
obscurus) and bottlenose dolphins (Tursiops truncatus), spectacled porpoise (Phocoena dioptrica), 
and pigmy right whale (Caperea marginata) each have between 1-4 stranding records in the 
Islands (Otley et al., 2012). The majority of the stranded species that were not recorded during 
JNCC surveys are beaked whales. These animals are notoriously difficult to observe at-sea and 
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even more difficult to identify to species level. Apart from southern bottlenose whale, which is 
reasonably easy to identify, the majority of beaked whales sighted were recorded as óbeaked whale 
speciesô. None-the-less, Grayôs (Mesoplodon grayi) and strap-toothed beaked whales (M. layardii) 
have been positively identified during at-sea surveys in the southwest Atlantic, outside Falkland 
Islands waters. All 17 of the óunidentified beaked whalesô recorded within Falkland Islands waters 
during the JNCC surveys were encountered in waters greater than 1,000 m deep to the east of the 
Islands.     

There are some limitations of visual surveys, which should be considered whenever using this 
data. Experienced and skilled observers are required and many species spend considerable 
periods of time below the surface, where they are undetectable. However, the use of multiple 
observers and distance sampling survey techniques can increase the reliability of the data. As 
previously stated, the JNCC methodology was not specifically designed to record the distribution of 
marine mammals and although the same three observers were used throughout the project they 
usually worked alone. Sea state and visibility will also affect the reliability of visual surveys.  
Acoustic methods may help to quantify the abundance of marine mammals but these methods also 
have some limitations. The vocal range of many of the species encountered within Falkland Islands 
waters is unknown and the audible range of vocalisations is dependent on frequency and the 
orientation of the animal, relative to the hydrophone. The combination of visual and static acoustic 
monitoring can provide a more rigorous survey methodology through amalgamation of both 
datasets.  

5.4.5.2 Marine Mammal Surveys within the vicinity of the Drilling Campaign Area 

Rockhopper Exploration conducted a one year static acoustic monitoring programme during 2012 
and 2013 in the Sea Lion Field, using wideband acoustic recordings in order to examine the spatial 
and temporal distribution of resident and transitory marine mammal populations (Hipsey et al., 
2013) from their vocalisations. Full details of the monitoring survey are described in Hipsey et al., 
2013 and have been summarised in this report. 

The acoustic survey was intended to significantly enhance the existing marine mammal dataset 
collected during a three-year JNCC visual survey of the Falkland Islands Conservation Zones and 
to provide a comprehensive dataset for assessing potential impacts from future development of the 
area. A persistent, autonomous passive acoustic monitoring programme was selected as it 
provides an almost continuous survey methodology, which is not hampered by factors restricting 
the effectiveness of visual surveys, (such as, nightfall, poor visibility (rain and fog), long mammal 
dive periods) and the approach does not require the permanent presence of vessels with trained 
human observers. Additionally, since sound can travel significant distances underwater, the spatial 
coverage of a static recording programme typically extends much further than the visual horizon. 
Acoustic detection ranges vary by species but low-frequency cetaceans (mostly baleen whales) 
can be detected tens to hundreds of kilometres away from a suitably sensitive recording instrument 
(Stafford et al., 2007). Signals from species vocalising and echo-locating at higher frequencies may 
also be detected but usually at shorter ranges of hundreds to thousands of metres (Zimmer et al., 
2008, Kyhn et al., 2009).  The Rhea-1 well location is approximately 22 km from the Sea Lion field 
and consequently the data collected during the acoustic survey is relevant for the Rhea-1 well.  

The one-year acoustic monitoring programme was split into three, four month recording phases, 
with mooring and recording equipment deployed at the beginning and retrieved at the end of each 
phase ( 

 

Table 17). During each of the three recording phases, five moorings were laid in 413 to 423 m of 
water, two moorings deployed a deep-water Autonomous Multichannel Acoustic Recorder (AMAR, 
JASCO Applied Sciences) and three a deep-water variant C-POD cetacean click detector 
(Chelonia Ltd.). 
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Table 17: Summary of the annual marine mammal activity detected by the AMARs from July 2012 
to July 2013 (Hipsey et al., 2013). 

Mooring Recording 
Depth 

Phase 1 
Deployed 30 Jul 12 

Phase 2 
Deployed 01 Dec 12 

Phase 3 
Deployed 21 Mar 13 

Record 
stop 

Days 
Recorded 

Record 
stop 

Days 
Recorded 

Record 
stop 

Days 
Recorded 

AMAR 1 399 18 Nov 12 109.9 19 Mar 13 108.2 26 Jul 13 Unreliable 

AMAR 2 409 10 Oct 12 71.4 21 Mar 13 110 24 Jul 13 125.2 

C-POD 1 181 01 Dec 12 123 21 Mar 13 110 05 Jul 13 106.4 

C-POD 2 192 20 Nov 12 121 16 Mar 13 105 19 Aug 13 151 

C-POD 3 192 01 Dec 12 123 21 Mar 13 110 19 Aug 13 151 

 

The two AMAR moorings were spaced 9.6 km apart, and the three C-POD moorings 6.3 and 
6.9 km apart (Figure 25). 

 

 

Figure 25: AMAR and C-POD Mooring Locations (Hipsey et al., 2013). 

Whilst acoustic monitoring provides a number of advantages for marine mammal detection, there 
are also some limitations. Click detection instruments detect sounds that typically occur between 
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20 and 160 kHz and suffer a high degree of intensity attenuation in seawater (Hipsey et al., 2013). 
This results in relatively short detection ranges, especially at the higher end of this band. For 
instance, porpoise clicks between 120 and 140 kHz cannot usually be detected beyond 400 m and 
dolphin clicks are predominantly limited to ranges less than 1,000 m. Conversely, large baleen 
whales may be detected at ranges of hundreds of kilometres.  As the Rhea-1 well is located 
approximately 22 km from the Sea Lion field clicks from porpoise and dolphin from the vicinity of 
the Rhea-1 well may not be represented in the acoustic survey. However, as these animals are 
highly mobile and the Rhea-1 well location is relatively close to the Sea Lion field in relation to 
typical foraging distances for these species, data from the acoustic survey is expected to give a 
good indication of their presence around Rhea-1. 

Given the relatively short range of higher frequency clicks and the depth of water, there was a risk 
that a C-POD positioned close to the seabed would not capture higher frequency near-surface 
clicks. Conversely, at a very shallow deployment depth a C-POD would be more prone to effects of 
sea surface and weather noise and may not detect clicks from deeper-diving species, such as 
beaked whales. To optimise performance in this water depth, the C-PODs were therefore moored 
at a mid-water column depth. The expected detection capability of a mid-water column deployed C-
POD. A near-seabed recording position for the two AMARs was chosen to minimise noise 
interference from the surface and potential multipath effects. 

The effectiveness of click detectors and acoustic recorders is also limited by the highly directional 
nature of the clicks emitted by most delphinids. Horizontal and vertical beam-widths for these 
species are typically in the region of ±20° (Au and Hastings, 2010). Consequently, echo-location 
clicks will only be audible or detectable if the foraging mammal is ólookingô virtually at or very close 
to the instrument. 

5.4.5.3 Acoustic Data Analysis 

Data was uploaded from the retrieved AMARs and C-PODs on completion of each of the three 
recording phases. The AMAR data were auto-processed with JASCOôs Acoustic Analysis software 
suite to calculate ambient noise levels and to detect acoustic events and mammal vocalisations 
and clicks. Ambient noise levels from each AMAR were examined to document baseline 
underwater sound conditions in the Sea Lion area. 

Recorded ambient noise levels were generally consistent with a remote, deep continental shelf 
location in a temperate climate with occasional fishing activity but little or no regular mercantile 
shipping traffic (Hipsey et al., 2013). The results from the analysis of both AMARs were generally 
very similar throughout the recording period, which would be expected given the generally 
homogenous environmental and bathymetric conditions across the Sea Lion area. 

The spectral distribution of sound levels recorded at both AMAR sites suggested a general 
absence of anthropogenic noise, and that the ambient noise spectrum was heavily influenced by 
weather conditions. Noise events such as vessels were infrequent and sporadic, except during the 
second half of February. During this period an increased but small number of detections were 
made at both AMAR sites (Hipsey et al., 2013).  

Impulsive sounds indicative of distant seismic survey activity were recorded throughout the 
recording period, being detected on 37-38% of days. The greatest activity occurred during August 
2012, December 2012 to February 2013 and June 2013. However, there are no seismic survey 
cruises planned to coincide with the 2015 Rhea-1 well drilling period. 

5.4.5.4 Marine Mammal Observations during Seismic Surveys in the NFB and PL001 

In addition to the year-long acoustic monitoring programme in the Sea Lion Field, Marine Mammal 
Observations (MMO) were conducted as mitigation to minimize the potential impacts of seismic 
surveys being conducted in the NFB. A seismic survey was conducted in the NFB between 11th 
January 2011 and 2nd May 2012 for Argos Resources and Rockhopper Exploration (Geomotive 
and MRAG, 2011); a second seismic survey was conducted in Licence Block PL001 between 25th 
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November 2010 and 5th May 2011 for Desire Petroleum and Rockhopper Exploration (Polarcus, 
2011). MMO were made for 60 minutes at the start of each seismic activity, before the use of any 
airguns.  A total observation effort of 1,310 hours and 11 minutes was recorded in the NFB during 
which there were 142 encounters of 12 different marine mammal species (Geomotive and MRAG, 
2011); a total observation effort of 794 hours and 29 minutes was recorded in PL001 during which 
marine mammals were sighted on 109 occasions corresponding to 462 individuals representing 11 
species (Polarcus, 2011). The data from these seismic surveys gives additional information relating 
to the presence of marine mammals in the NFB and PL001 during the austral summer and autumn, 
which complement the acoustic monitoring data for the Sea Lion Field.  While both methods have 
recognised limitations in their data collection, referring to both datasets may provide a better 
overall picture. 

5.4.5.5 Results of Marine Mammal Surveys within Falkland Islands waters 

The results of the JNCC surveys are published in White et al. (2002), a summary of the number of 
individuals recorded by species can be found in Appendix C, Table 1, along with a number of 
marine mammal strandingôs on the Falkland Islands (Otley, 2008). 

Appendix C, Table 2 summarises the marine mammal sightings from MMO during the seismic 
survey campaigns in the NFB (Geomotvie and MRAG, 2011) and PL001 (Polarcus, 2011). 

Appendix C, Figures 1-7 illustrate the number of call detections on each day during the year-long 
monitoring programme and indicate each speciesô relative seasonal abundance.  

Acoustic surveys recorded six species of marine mammal; a summary of the results is presented in 
Table 18.   

Table 18: Summary of the annual marine mammal activity detected by the AMARs from July 2012 
to July 2013 (Hipsey et al., 2013). 

Species 

Winter - Spring 
31 July - 18 Nov 2012 

Austral Summer 
1 Dec 2012 - 21 Mar 2013 

Autumn - Winter 
21 Mar - 24 Jul 2013 

AMAR 1 AMAR 2 AMAR 1 AMAR 2 AMAR 1 AMAR 2 

Leopard seal 0 0 685 744 - 632 

Sperm whale 297 208 364 333 - 577 

Fin whale 84 48 111 169 - 21 

Killer whale 10 15 11 17 - 7 

Pilot whale 2 10 30 33 - 100 

Southern right whale 9 6 6 4 - 1 

Unidentified odontocetes 519 301 165 123 - 245 

 

5.4.5.6 Summary of Marine Mammal distribution in the North Falkland Basin 

IUCN status is shown in parenthesis (DD=Data Deficient, LC=Least Concern, VU=Vulnerable, 
EN=Endangered). 

Southern right whale Eubalaena australis (LC) 

The JNCC surveys recorded southern right whales on four occasions over three years (White et 
al., 2002). Southern right whale up-calls were recorded in the Sea Lion area on 11 different days 
during the year-long monitoring period (Hipsey et al., 2013). Individual southern right whales were 
also recorded during the MMO of the seismic surveys with 10 individuals sighted in PL001 and four 
individuals during the wider NFB survey (Geomotvie & MRAG, 2011; Polarcus, 2011).  These 
results suggest that this species may be more common than suggested by JNCC visual surveys, 
with animals present within the NFB in low numbers throughout most of the year. The migratory 
behaviour of southern right whales suggests that there will be peaks in numbers as these animals 
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travel between their spring breeding grounds in Patagonia, and summer feeding grounds near 
South Georgia and Antarctica. There is evidence that the population of southern right whales that 
breed off Peninsula Valdes, Argentina, is increasing, with a doubling time of 10-12 years (Reilly et 
al., 2013). 

Blue whale Balaenoptera musculus (EN) 

Historically, blue whales would have been present within Falkland Islands waters, at present they 
are extremely rarely sighted and, to date, this species has not been recorded by visual or acoustic 
surveys. Whaling in the Atlantic sector of the Southern Ocean killed many thousands of blue 
whales (Moore et al., 1999). The paucity of blue whale sightings in the wider Scotia Sea indicates 
that the population of these animals has not yet recovered.   

Fin whale B. physalus (EN) 

Acoustic monitoring recorded fin whales in the Sea Lion area during late August 2012, and 
consistently in the late winter and early spring (August and September) period, but appeared to 
peak in March (early austral autumn) (Hipsey et al., 2013). Detections stopped abruptly in April and 
did not resume before the end of the monitoring period in July. Fin whales were not sighted in 
August and October during the JNCC surveys (White et al., 2002). Five individuals were observed 
in September but most sightings occurred in November, December, and January (White et al., 
2002). Fin whales were sighted by MMO during both of the seismic surveys in the NFB, with 
greater numbers (12 individuals) recorded in waters adjacent to but south of the Rhea-1 well 
location (Geomotive and MRAG, 2011).  

The acoustic monitoring program indicated that fin whales were present in the Sea Lion area from 
September until March, suggesting that past visual surveys (White et al., 2002) underestimated the 
occurrence of fin whales north of the Falkland Islands or that there is inter-annual variation in the 
occurrence of fin whales in this area. In the nearby waters of the Scotia Sea (southeast of the 
Falkland Islands), large numbers of fin whales have been observed in recent years (A. Black pers 
obs). However, most of these sightings are offshore and the exact location of these animals can 
show considerable inter-annual variation, which is likely to be linked to the distribution of food 
resources. The presence of these animals in waters to the south of the Falklands is seasonal and 
therefore it is reasonable to assume that many migrating animals will pass through Falkland 
Islands waters. Fin whales are listed as Endangered on the IUCN Red List and are also afforded 
conservation status and management under CITES and Conservation of Migratory Species of Wild 
Animals (CMS). 

Fin whales have been detected acoustically in the Scotia Sea and off the western Antarctic 
Peninsula starting in February and peaking in late summer and the autumn (Ġiroviĺ et al., 2009). 
Large aggregations of feeding fin whales were also observed in the autumn (MarchïApril 2012) off 
Elephant Island at the tip of the Antarctic Peninsula (Burkhardt and Lanfredi, 2012). The peak in 
Falklands recordings in March followed by the cessation of all detections could therefore indicate a 
pulse of migrating whales from those feeding grounds. 

Sei whale B. borealis (EN) 

JNCC surveys recorded 45 sei whales; however, few of these came from waters to the north of the 
Falkland Islands, most were off the east coast of the Islands (White et al., 2002). Sei whale was 
the most frequently sighted, and third most abundant, species recorded during the MMO of the 
PL001 seismic survey with 67 individuals recorded (Geomotive and MRAG, 2011), and the third 
most frequently sighted, fourth most abundant, species recorded during the NFB seismic survey 
(Polarcus, 2011). Analysis of the acoustic data from the Sea Lion area did not contain any 
confirmed sei whale calls. Due to the potential overlap in calls from sei and fin whales (Watkins, 
1981, Baumgartner et al., 2008) and the absence of sei whale call description for the South 
Atlantic, it is possible that the fin whale detection records included some sei whale calls (Hipsey et 
al., 2013).  

For many years large numbers of sei and possibly fin whales have been observed in inshore 
waters around the Falkland Islands (White et al., 2002, A. Black pers. comm., P. Brickle pers. 
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comm.). These animals are only present on a seasonal basis and are likely to pass through the 
NFB on migration. A project to survey the distribution of cetaceans in inshore waters is currently 
underway (Thomson and Munro, 2014). The preliminary results and anecdotal observations 
indicate that sei whales are frequently encountered in inshore waters during the summer and 
autumn months. Sei whales are listed as Endangered on the IUCN Red List and are also afforded 
conservation status and management under CITES and CMS. 

Antarctic minke whale B.bonarensis (DD) 

Antarctic minke whales were encountered widely within Falklands waters and recorded throughout 
the year, although most animals were recorded between September and April (White et al., 2002). 
Minke whales were recorded during both of the marine mammal surveys conducted during seismic 
operations in the NFB (Geomotive and MRAG, 2011; Polarcus, 2011) but were not detected by 
acoustic surveys (Hipsey et al., 2013). 

Humpback whales Megaptera novaeangliae (LC) 

Humpback whales have been rarely recorded within Falklands waters. JNCC surveys encountered 
seven animals, all between October and March, in Patagonian Shelf waters. Acoustic monitoring 
and marine mammal observations from seismic vessels did not record humpback whales in the 
NFB.  

Satellite tracking (Zerbini et al. 2006) and photo-identification indicate that animals from the 
population breeding off the coast of Brazil migrate to feed off South Georgia and the South 
Sandwich Islands in the summer months. Satellite tracks and the lack of sightings of these animals 
suggests that few of these whales pass through Falklands waters en route.  

Sperm whale Physeter macrocephalus (VU) 

This species was observed on 21 occasions in the JNCC surveys, the highest number of sightings 
occurring in October. About half of the sightings occurred in an area just north and east of the 
Rhea-1 well location. While this seems to be a small number of sightings over a three-year survey, 
the distribution of the records indicates that animals are present in the deeper waters of the FOCZ 
year-round. A single sperm whale was observed during the MMO in PL001 and four individuals 
were observed during MMO in the NFB seismic survey (Geomotive and MRAG, 2011; Polarcus, 
2011; Appendix C, Table 2). The low number of sightings is likely to be due to the behaviour of the 
animals, which spend much of their time below the surface, and the limited survey effort in their 
preferred habitat type. Nevertheless, because sperm whales echolocate almost continuously while 
diving and dive for extended periods of time, acoustic monitoring is a powerful survey method for 
this species (Whitehead, 2003). Hipsey et al., (2013) found sperm whales were the most 
commonly recorded species during their year-long study. Detections occurred throughout the 
acoustic monitoring period without any obvious seasonal trend, with highest numbers of detections 
recorded in May. 

Sperm whales are notorious for depredating Patagonian toothfish in the local longline fishery 
(White et al., 2002; Yates and Brickle, 2007). All the available evidence suggests that sperm 
whales, likely to be mature males, are present within the deeper waters of the Falklands 
Conservation Zones throughout the year.  

Southern bottlenose whale Hyperoodon planifrons (LC) 

The JNCC surveys recorded southern bottlenose whales between September and February. All 
encounters occurred in waters over 1,000 m deep. This species was apparently absent from 
Falklands waters in the winter months. This species was not detected during acoustic monitoring 
and a single animal was observed during seismic operations (Geomotive and MRAG, 2011).  

Unidentified beaked whales Mesoplodon species (DD) 

Beaked whales are notoriously difficult to identify at-sea and none of the 15 animals recorded 
during JNCC surveys were specifically identified. All sightings occurred in waters over 1,000 m 
deep, with the majority coming from the region of the Falkland Trench to the southeast of the 
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Islands. Stranding records indicate that a number of Mesoplodon species could be present within 
Falkland Islands waters (Otley et al., 2011).  

Killer whale Orcinus orca (DD) 

Killer whales were detected in the Sea Lion area on ten different days during the year-long 
acoustic monitoring period, with seven of the records between July and mid-October (Hipsey et al., 
2013). The JNCC surveys recorded seven killer whale sightings over three years, primarily on the 
Patagonian Shelf, (White et al., 2002). Killer whales were observed during the PL001 and NFB 
seismic surveys on two and one occasion respectively (Geomotive and MRAG, 2011; Polarcus, 
2011). Killer whales are known to regularly depredate longlines in the Falklandôs Patagonian 
toothfish fishery when vessels are fishing in the north of the FOCZ, relatively close to the Licence 
Blocks (White et al., 2002; Yates and Brickle, 2007). Observers on fishing vessels recorded killer 
whales only to the northeast of the Islands despite a considerable amount of fishing in other areas 
throughout the year (Yates and Brickle, 2007). The evidence suggests that a small resident 
population of killer whales may occur in the region of the shelf-break to the north of the Falkland 
Islands.   

Satellite tracking indicates that Type B killer whales migrate just east of the Falkland Islands when 
travelling between the Antarctic Peninsula and sub-tropical waters of the South Atlantic (Durban 
and Pitman, 2012). These animals appear to travel rapidly through the region but they could 
account for some of the acoustic detections and sightings.  

Long-finned pilot whale Globicephala melas (DD) 

Long-finned pilot whale sightings primarily occurred between February and September during the 
JNCC surveys (White et al., 2000). Acoustic detections from the Sea Lion area also indicated the 
presence of pilot whales during the austral autumn and winter, with the majority of detections 
occurring from mid-February until late August (Hipsey et al., 2013). Pilot whales were recorded on 
approximately 35 days throughout the year-long monitoring period (Hipsey et al., 2013).  Several 
small groups of pilot whales were also observed during the seismic survey MMO, with a total of 88 
individuals over three sightings in PL001 and 75 individuals over four sighting occasions in the 
NFB survey (Geomotive and MRAG; 2011, Polarcus, 2011).  

The high number of pilot whale strandingôs on the Falkland Islands (Otley, 2012) hints that there is 
a sizable population associated with Falklands waters. This species is regularly sighted in large 
groups from fishing vessels operating over the deep water slope (A. Black pers. obs.). White et al., 
(2002) often recorded other species of cetacean in association with pilot whales, in particular, 
hourglass dolphin and to a lesser extent southern right whale dolphin were recorded in association 
with pilot whales.  

Pealeôs dolphin Lagenorhynchus australis (DD) 

Peale's dolphin was the most commonly recorded marine mammal species during the JNCC 
survey period with 1,952 animals recorded during 644 encounters. Peale's dolphins were almost 
exclusively restricted to Patagonian Shelf waters and were only regularly recorded in waters 
deeper than 200 m to the west and south-west of the Falkland Islands (Figure 26). Peale's 
dolphins were regularly recorded at the western boundary of the survey area, a strong indication 
that the distribution of the species is continuous between the Falkland Islands and mainland South 
America. There was no clear evidence of any seasonal changes in the abundance, distribution or 
behaviour of these animals. 
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Figure 26: Peale's dolphin distribution recorded during JNCC surveys, all months 

Pealeôs dolphin was also the most frequently recorded marine mammal on both seismic vessel 
surveys (Geomotive and MRAG, 2011; Polarcus, 2011). 

Hourglass dolphin L. cruciger (LC) 

A total of 150 sightings of 792 animals was recorded, during JNCC surveys. Between September 
and February, hourglass dolphins were recorded frequently during surveys in oceanic waters. 
Outside this period, hourglass dolphins were only rarely recorded, suggesting that they occur 
seasonally within Falklands waters. The majority of hourglass dolphin records were in continental 
shelf slope and oceanic waters (Figure 27). The JNCC surveys clearly identified spatial 
segregation between Pealeôs and hourglass dolphins; there was virtually no overlap in the ranges 
of these two species (White et al., 2002). Hourglass dolphins were also one of the most frequently 
recorded species from seismic vessels (Geomotive and MRAG, 2011; Polarcus, 2011).  

The acoustic monitoring survey recorded an unidentified odontocete species (toothed whale; 
including killer whale and dolphins), which could not be definitively identified to species level 
(Hipsey et al., 2013). The occurrence of the odontocete calls closely matched the dolphin C-POD 
detections and the click characteristics and habitat preferences suggest the hourglass dolphin as 
the potential source (Hipsey et al., 2013).  

It is likely that hourglass dolphins would predominate in the deeper waters surrounding the Rhea-1 
well location. 










































































































































































































































































































































































































































































































































































































