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ABSTRACT

This research is undertaken as a new venture to explore potential environmental
management approaches for the development of the oil industry in East Timor.
Particular focus will be given to environmental legislations in order to assess the
possible impacts and control of oil industry development in East Timor. The country
has newly emerged in the past decade and is still heavily reliant on immediate
development of oil resources in order to boost the country’s economic prospects.
Environmental laws and regulation are, however, still in an embryonic stage. This
research begins with a review of the Timor Sea environment, focusing on the natural
resources of the region. This is followed by a review of the potential environmental
impacts of the oil industry, as well as an assessment of the importance of Timor Sea
habitats and the possible threats posed by the oil industry. Of course, oil industry
development mostly takes place offshore therefore the second part of the study involved
a pilot study to evaluate stakeholders’ views on the possible impacts of an oil refinery
along the South Coast of Timor. Stakeholders were interviewed to gain insight into
opinions on how the Timor Sea environment should be managed, and how a new
country can raise the living standards of its people in equilibrium with the natural
environment of the region. International and national environmental regulatory
frameworks were reviewed, including numerous case studies from selected regions.
Data collected from stakeholders was analysed, with multivariate and univariate
statistical tests employed to assess the significance of differences in responses.
Moreover SWOT analyses methods were employed to analyse different environmental
frameworks and regulations discussed. The main discoveries of the study include: 1)
Mangroves, shallow deep-water coral reefs, seagrass, intertidal shelter sediment and
rock are of high value to the Timor Sea and South Coast. In terms of animal groups
turtles, dugongs, cetaceans and seabirds are considered to be of high conservation
importance, 2) As environmental data or information is limited secondary data was also
sourced for this study, 3) Development of the oil industry poses possible threats to the
marine environment in the Timor Sea region, although it is localised and transitory in
nature, 4) Stakeholders suggested that development of the oil industry should go ahead,
but environmental regulations should be in place, 5) Environmental regulations must be

adequate and include essential legal components such as clear responsibility, flexible



environmental permit system, as well as adequate sanctions for non-compliance and
effective monitoring and enforcement processes.

The bottom line conclusions of this study is that while economic development should go
ahead, measures for environmental protection should also be in place.
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Chapter 1 INTRODUCTION

1.1 Background

The development of the oil industry in the Timor Sea and south coast of East Timor is
an immediate demand and is necessary to stimulate the country’s economy. East Timor
has one of the lowest incomes per capita in the world (World Bank, 2004) and its

immediate challenge to develop its oil and gas resources in a sustainable manner.

The development of oil and gas in the Timor Sea will potentially bring major benefits to
the economy of East Timor. Particularly, offshore exploration and production activities
serve as the foremost engine to generate the early period of the development compared
with onshore oil production or other (non oil) sectors. Recent estimations revealed that
the sector has been contributing 69,83% its economy in 2010 and 86% from the 2009
total states budget (GDP) (Ministry of Finance, 2008).

There are various possible alternative options for the development of the oil industry in
the Timor Sea and the south coast of East Timor. 1) Floating platforms which could be
unloaded by tankers and taken to remote refineries without the need for any onshore
development in the local area. 2) Floating platforms which could be unloaded by
tankers and the cargo delivered to new refineries on the south coast of East Timor and
3) the development of a sub-sea pipeline to carry oil or gas to the north coast of

Australia.

The Timor Sea Designated Authority’s (TSDA) 204 annual report points out that no
serious environmental problems have occurred so far in Timor Sea. However, currently
very few laws and regulations deal with environmental management for the oil and gas
industry in East Timor and all existing laws lack detailed guidelines and standards.
Since 2004 only Environmental Impact Assessment (EIA) and Pollution Control laws
have been drafted, but both have not yet been enacted by Parliament. Meanwhile, in the
absence of these two laws the Timor Leste Constitution permits the use of Indonesia
EIA law. The newly established National Petroleum Authority (ANP) is the key
government agency responsible for petroleum exploration and exploitation. While the
ANP has increased attention on environmental protection from the oil and gas industry,

it is limited by the lack of regulations, rules, and standards for environmental



management. At present, ANP seems to rely on rules and standards brought in and

exercised by international petroleum development operators.

In order to effectively and efficiently oversee matters on environmental protection from
the oil and gas industry in Timor Leste the Ministry of Petroleum and Mineral
Resources (MPMR) and the ANP need to revise their roles and existing rules and
regulations. The researcher is convinced that an effective environmental management
system needs to be developed based on the specific features of the regulatory and
institutional machinery. Successful environmental management can only be achieved
by giving a proper level of consideration to these factors as these are very important in
determining ‘specific environmental management strategies’ which must be taken into

account.

1.2 Objective of Study

The main objective is to identify suitable environmental strategies for East Timor, and
specifically to identify the most appropriate environmental management system for the
management of offshore oil and gas development in the Timor Sea. Key components
include:
1. Assessment of specific risks and threats to the natural environment of East
Timor.
2. Assessment of the views and priorities of stakeholders in relation to the natural
environment and oil industry developments.
3. Critical assessment of existing regulatory frameworks both within the region and
in other geographic areas, encompassing both national and international

arrangements.

1.3 Methodology of Study

The methodology of study is based upon the following approaches;
1. Reviewing the literature; desk-based studies to consider all possible sources of
data and information available on relevant environmental protection by
assembly, review, and summary of relevant country literature (including many

unpublished documents);



2. Direct inquiry with stakeholders such as government authorities, businesses and
industries, local communities and environmental groups at national and
international levels.

3. Analyses of data and information by:

e Stakeholder analyses approach using the case study ‘“Perspective of
stakeholders in environmental management: Timor Sea and South
Coasts of East Timor” (Chapter 4).

e Investigation in to selected countries experiences on international or
transboundary environmental management, Exploration and Production
regulatory frameworks in selected countries, and environmental
monitoring policies in selected countries (Chapters 5, 6 and 7).

4. Recommend practical approaches to these issues and formulate of preliminary
guidelines for the establishment of an environmental management system

relating to Exploration and Production activities in East Timor (Chapter 8).

1.4 Analysis points:

The analysis components below are points for individual chapters prior to being
compiled in the novel discovery in Chapter 8.
1. Stakeholder perspectives and different views according to regions, occupation,
education, gender and age.
2. Environmental agreement policy system (Petroleum Act, enhancement and
conservation of offshore),
3. Comparison of environmental compliance and effluent waste regarding East
Timor and other countries,
4. Comparison of the Exploration and Production industry development
characteristics between East Timor and other countries,
5. Comparison environmental legislative control inputs and disturbances,
6. Comparison of EIA systems in different countries,
7. Application of the countries environmental compliance and enhancement in
East Timor, and
8. [Evaluation of the vulnerability of the existing natural environment or the

specific hazards of oil development in the Timor Sea.



1.5 Organization of Thesis

The thesis is divided into two main parts, with an introductory and concluding chapter.

An overview of the thesis structure is provided in Figure 1.1.
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Chapter 2 is dedicated to understanding the status of the Timor Sea’s natural
environment including an assessment of natural resources and the encompassing
physical, social and economic features of the region. Chapter 3 provides an assessment
of potential environmental impacts of oil industry activities. The information reviewed
in these chapters is then assessed with a view to reaching conclusions on the specific
environmental risks posed by oil industry development in the Timor Sea.

The second main part of the thesis begins with an evaluation of the views of
stakeholders regarding relative priorities and expectations in relation to potential
environmental damage and potential economic benefits of oil industry development.
This analysis is covered by Chapter 4 which describes a Pilot Study to evaluate
stakeholder’s views on the impact of the oil refinery on the South Coast of Timor.
Chapter 5 provides an assessment of Transboundary Environment Management. The
chapter reviews and discusses existing international and transboundary environmental
management regulatory frameworks from selected regions. Chapter 6 provides an
assessment of oil and gas environmental national regulatory frameworks in selected
countries including Norway, UK, USA and Canada. The information reviewed in
Chapters 5 and 6 is then assessed with a view to evaluating the relative merits of
different approaches to environmental management and considering the most
appropriate approaches for the specific situation in the Timor Sea. Chapter 7 focuses
on assessing the effectiveness of environmental monitoring in the offshore oil and gas
industry. It also considers how compliance with and effectiveness of environmental
management policies might be monitored in the Timor Sea. Chapter 8 provides a
summary of conclusions and recommendations derived from the earlier chapters in this

thesis.



Chapter2 A REVIEW OF THE NATURAL
ENVIROMENT OF THE TIMOR SEA

2.1 Introduction

Timor Sea is an area of the Indian Ocean located between the island of Timor and
northern Australia. The sea comprises about 75 percent of the Australian shallow
continental shelf, reaching depths of about 200m and gradually increasing in steepness
to approximately 3000m in the Timor Trough. A relatively narrow shallow continental
shelf within the East Timor jurisdiction extends to South Coast (Figure 2.1). There is a
general lack of high quality information on the biological and physical environment of
the sea. However, recent recognition of a major offshore hydrocarbon province in the
Joint Petroleum Development Area (JPDA) (Figure 2.1) has led to numerous
preliminary surveys and awareness of the region’s biodiversity (CSIRO, 1999,
Heyward, 1997a, Wyatt, 2004). The findings from the Timor Sea in the JPDA revealed
that the area includes deep-water coral reefs in sparse or patchy distribution on the
Australian shallow continental shelf, extending to the Timor Trough (Gorham, 2001 and
Heyward, 1997a). In contrast, Australia has reviewed frequent studies and provided
plenty of information on both biological (Gorham, 2001, Heyward, 1997a) and physical
features (Audley-Charles, 1966, Charlton, 1989, O’Brien, 1993, O’Brien, 1995).



Fige 2.1. A map of the Tmor Sea continental shelf and Timor Trouh Source: (AIMS, 2008). The
study area was classified into three parts: Timor Leste Executive Area (TLEA), Timor Trough and the
JPDA.

The sea constantly receives flows from Pacific waters throughout the year (Wyrtki,
1987). This combination of physical and oceanographic characteristics provides an
extremely favourable environment to support biological communities in the region
(Gordon et al., 2010). The sea is also home to numerous globally endangered species
and habitats such as mangroves (Boggs, 2009) and coral reefs (Heyward, 1997a). Green
turtles (Chelonia mydas), hawksbill turtles (Eretmochelys imbricate) and loggerhead
(Caretta caretta) are also to be found (Sandlund, 2001), as well as the Christmas Island
frigatebirds (Fregata ariel) and (Fregata andrews) (Trainor, 2007) and whale blue
whales (Blaenoptera musculus) (Boggs, 2009).

Existing human pressures on the environment in the Timor Sea and the South Coast are
currently negligible in nature. Activities such as subsistence fishing activities on the
north-west coastline of Australia and on the South Coast of East Timor are generally
limited to the shorelines. Boats on identified commercial shipping routes pass through
the vicinity of the development area with uncertain frequency and size. Agriculturally
activity on the South coast of East Timor through slash and burning which possibly

contribute to increased soil erosion, larger sediment land in the rivers and hence



increased turbidity and sedimentation at river mouths which appear localised on the
coastal waters. The South Coast of East Timor is undeveloped and coastal populations

live scattered in small groups and villages along the coast.
2.1.1 Objective of the Study

The objectives of this chapter are: 1) to assess the physical environment such as
geological features, climate and oceanography forming the marine habitats, 2) to assess
biological features, including biodiversity and habitats found in areas where oil industry
development is occurring in the Timor Sea and 3) to assess existing human pressures on
the marine environment likely to occur in the oil industry development area and South

Coast of the Timor Sea.
2.1.2 Methodology of the Study

The objectives of the study will be achieved through;

1. Literature reviews (through web of knowledge, Athens and technical reports) on
the physical environment of the Timor Sea and similar regions.

2. Reviews of available literature (through web of knowledge Athens and technical
reports) on biological features of the Timor Sea and a comparison of data from
other similar bio-geographical regions to assess knowledge of the natural
environment in the Timor Sea.

3. Review existing literature and studies on potential human pressures on the
natural environment of the Timor Sea and South Coast and compare these with

the experiences of other selected regions (see Tables 2.6 and 2.7).

2.2 Physical Environment of the Timor Sea

2.2.1 Geographical features

For the purpose of this study, the Timor Sea has been divided in three important
morphological divisions from the north to south (Figure 2.1). The first part of the sea
consists of a relatively narrow shallow continental shelf in the East Timor jurisdiction,
which extends along the South Coast of East Timor. The second part gradually
increases in steepness towards the continental slope to approximately 3000m in the

Timor Sea, which is called the Timor Trough. The third part — accounting for about
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75% of the study area — is the Australian shallow continental shelf, with maximum

depths of <200m.

Figure 2.2. The narrow continental shelf of East Timor, the Timor Trough and JPDA overlapping with the
Australian shallow continental shelf. Adapted from Robinson (2012).

The narrow shallow continental shelf of East Timor appears to be the subject to a
substantial input of river-borne sediments and nutrients (see Figure 2.2), stimulating
pelagic and benthic productivity in areas bordering the Timor Trough. The area is
influenced by heavy seasonal rainfall, with numerous rivers transporting sediments from
the South Coast uplands to the Timor Sea (Heyward, 1997a, Milliman, 1999) (see
Figure 2.3).



Figure 2.3. An aerial photograph demonstrates the input of sediment into the coastal zone, particularly in
Suai, at river mouths on the South Coast of East Timor. (Source: Google Earth).

The shallow narrow continental shelf of East Timor receives relatively high
contributions of terrigenous material, which demonstrates the strong influence of
terrestrial-based run-off on the coastal marine environment (Wyatt, 2004). Such run-off
may affect primary production and eutrophication in estuarine waters. Typically
eutrophication results from high nutrient inputs, leading to enhanced rates of primary
production (Bonsdorff, 1997). The run-off also potentially causes high sedimentation
and increased water turbidity on the continental shelf (Milliman, 1999). However, the
main effects may be localised because the open high energy marine environment will
tend to disperse the river discharges. The depositing of terrigenous materials is likely to
be limited to the shallow continental shelf within East Timor territory and probably does
not extend to the Timor Trough and Australian shallow continental shelf (see Figure

2.5).

10



BONAPARTE
BASIN

FETHEL
£ - ALY

BROWSE
BASMN

Figure 2.4. A bathymetric map of the Timor Sea showing the Timor Trough and carbonate banks.
Adapted from Robinson (2012).

In contrast to the Timor shelf, the Australian continental shelf is broad and carbonate in
nature (Heyward, 1997a). Australia is a low-lying, low-rainfall continental mass, and its
rivers have slight channel gradient and intermittent flow. Consequently they carry only
small quantities of terrigenous sediments into the sea. For this reason, shelf sediments

tend to be dominated by biogenic reefs (AIMS, 2008).

The continental shelves of Australia and East Timor are separated by the Timor Trough,
a tectonic plate boundary (subduction zone) running approximately west-south-west to
east-north-east. The trough is approximately 200m wide and reaches depths of over

3,000m (see Figures 2.4 and 2.5).

2.2.2 Substrate and Geological Characteristics

The shallow continental shelf of Australia has scattered carbonate banks in the outer
northern part, which coincides with the proposed oil development area (see Figure 2.4).
This bank system stretches for approximately 60km in a north-east/south-west direction
along the outer edge of the Australian continental shelf. It comprises 11 major shoals,

ranging in size from 0.05km?® to 40km’ with an average size of 4.6km” (Heyward,
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1997b). The carbonate shelf supports hard-bottom communities of varying levels of
complexity. Big Banks is the most well-known and ecologically well-developed area. In
these areas the ocean is relatively shallow, gently sloping down to a depth of 200m,
where there is an abrupt drop-off to the continental slope. The continental slope then
descends gradually to depths of about 3km. At such depths the bottom becomes a flat,

extensive, sediment-covered abyssal plain.

The continental shelf of East Timor is considerably narrower than the Australian shelf
and is likely to be dominated by terrigenously derived sediments in contrast to the

carbonates of the Australian shelf.

N

Figure 2.5. The Timor Trough showing the East Timor and Australia land masses. Adapted from
Robinson (2012).

Proposed oil industry development in this area coincides with the southern edge of the
Timor Trough (see Figure 2.5). The trough is a technologically active margin (Petkovic,
2000) and forms part of the Banda Arc system that runs south of Timor (Hamilton,
1979). The trough is the source of most earthquakes that have been recorded at the
Sunrise field (Figure 2.1) in the Timor Sea. Records of earthquakes in the region date
back 1900 and of the 131 earthquakes that occurred within 600km of the proposed oil
development area five reached an intensity of 5 (AUSGEOQO, 2003) on the Richter scale
(see Table 2.1).
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Table 2.1 The strongest earthquakes recorded within 600km of the Sunrise gas field. Source: adapted
from (AUSGEO, 2003).

Year Origin Location Recorded around | Intensity
(epicentre) Latitude Longitude Greater Sunrise (Richter
scale)
1917 Banda Sea 7.58S 128.00 E 231 5
1918 Banda Sea 8.0S 127.50 E 190 5
1952 East Timor 8.0S 126.60 E 245 5
1962 Banda Sea 7.0 S 128.30 E 237 5
1963 Banda Sea 6.9 S 129.53 E 328 5

In summary, the sediments of the Australian shelf are likely to be dominated by
biologically derived carbonates in contrast to the narrower Timor shelf, which is likely
to have a higher proportion of terrigenous deposits. The Timor Trough is likely to be
dominated by fine biogenic sediments and is tectonically active, being formed by the

subduction zone between the adjacent tectonic plates.

2.2.3 Climate

Wind and monsoon pattern

Timor Sea has a tropical climate and is characterised by two distinct seasons associated
with monsoonal activity (Webster, 1998). The area is influenced by two monsoon
seasons referred to as the northwest monsoon and the southwest monsoon. The
northwest monsoon occurs from October to May and is characterised by dry weather

and winds blowing from the southeast towards the northwest.

Figure 2.6. Generalised atmospheric circulation over the Timor Sea and Australia during the wet season. Source: (Swan, 1994).
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The south-west monsoon occurs from June to September and is characterised by wet
weather and winds blowing from the north-west towards the south-east. The season is
characterised by steady easterly winds of 5 to 13ms-' which produces a gentle to strong
breeze (see Figure 2.6). This season is predominantly influenced by the Australian
continental air masses, coinciding with the north-west monsoons. The wet season,
which continues from November to March (see Figure 2.6), is predominantly influenced

by the south-west monsoon.
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Figure 2.7. Generalised atmospheric circulation over the Timor Sea and Australia during the dry season.
Source:(Swan, 1994).

The Figure 2.7 shows the wind being driven by a steady from south to east airflow
originating over the Australian mainland towards a south-east direction (Webster,
1998). This period is characterised by steady westerly (driven towards the west) winds
of 5ms™ (the sea condition gentle breeze) for a period of 5 to 10 days, with surges in the
airflow of 10ms” to 18ms™ (the sea conditions when there is large breezes to strong

gales) for a period of one to three days.
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Cyclones

The majority of storms in the Timor Sea are tropical lows or tropical cyclones, most of
which are the early stages of development and passing to the south of the JPDA. The
majority (75%) of these cyclones have not fully matured and have wind speeds of less
than 80km/h (severe gale force). Severe cyclones, with wind speeds exceeding 100km/h

(storm force) occur on average once every 2.6 years (Heyward, 1997a).

Sea conditions consist of very high waves, with long overhanging crest and affected
visibility. For details on cyclonic environmental conditions in the Timor Sea region, see

Table 2.2.

Table 2.2 Cyclonic and non-cyclonic environmental conditions. Source: (OCEAN 407 Design of Ocean
Engineering Facilities Ocean Program Texas A & M University).

Return period (yr) Wind (km/h)
Cyclonic Non- cyclonic
1 13 10.3
10 16.03 13.8
100 333 16.7

Cyclones are known to be one of the major natural disturbances to coral reefs, affecting
reef structure and functioning at different spatial and temporal scales (Mireille, 1994).
Cyclones can cause damage through mechanical destruction, changes in sedimentation,
increased turbidity and reduced salinity (Guillemot, 2010).

Lambo and Ormond (2006) state that the salinity of nearshore may decline considerably
once cyclones or storms make landfall and following intense rainfall flooding. This
event may subsequently cause coral bleaching (the expulsion of endo-symbiotic
zooxanthellae) and potentially lead to extensive mortality of the shallow-reef corals
(Lambo and Ormond, 2006, Lugo-Fernandez and Gravois, 2010). Coral damage may
also result from sediment brought into suspension by storm currents, causing
sandblasting and burial of organisms (Alongi and McKinnon, 2005). The increased
sediment load may also have effects through altered turbidity, decreasing available light
and increasing the energy animals used to remove sediment particles (Glynn, 1964,

Schaffelke et al., 2005).
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2.2.4 Oceanography

Currents and Tides

The Timor Sea is subject to water movements due to oceanic circulation, tidal
oscillation and superficial surface water flows driven by wind (Gordon et al., 2010).
The main oceanic current runs in a north-east to south-west direction through the Timor
Sea. It runs throughout the year, with surface current speeds averaging 0.5-1 miles (0.8-
1.6km) per hour (WNI, 2001). The flow is driven by the Indonesian Through flow
currents (ITF), which carry water masses from the western Pacific through the Banda
Sea and into the region (Gordon et al., 2010, Wyrtki, 1987). The water flows as a warm
mass of saline water that travels south between the Indonesian Archipelago and
Australia (CSIRO, 1999). The volume of water travelling through the Timor Trough is
estimated to be ~4.3 x 10° m’ s™ and floods the Timor Sea region with relatively warm
water that is low in salinity (Gordon, 2005).
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Figure 2.8. Major Ocean current that influence the Timor Sea. (CSIRO, 1999)

Tidal currents are generated by gravitational interactions between the sun, moon and
earth and normally exhibit regular periodic oscillations in current direction. Tidal
current flows in the Timor Sea typically run south to south-east during flood tides and in

a north to north-west direction during ebb tide (Heyward,1997a). Current speeds range
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from approximately 0.02m/s on neap tides to 0.6m/s on spring tides (Ray, 2005). Tidal
currents can attain a flow rate of up to 15.5 miles (25km) per hour when flowing in or

out of narrow harbours or bays (Skinner, 2011).

The direction of superficial wind-driven currents in the Timor sea is determined by the
seasonal wind regimes which are described in section 2.2.3.1 (Gordon et al., 2010).
While the wind-driven surface currents attain maximum speeds of 0.7m/s during
extreme monsoonal or Trade Wind surges, typically the current speeds are lower,

ranging from 0.2m/s to 0.4m/s (Swan, 1994, WNI, 2001).

Oceanic current flows in the Timor Sea play an important role in marine life (Merino,
2009). Effects include impacts on nutrient circulation and the productivity of the ocean.
This occurs mainly through the transportation of nutrients back to the euphotic layer
from deeper waters (Alexandre, 2002, Merino, 2009). This enhances primary
productivity and influences plankton distribution, larvae transport and recruitment

(Merino, 2009).

El Nino-Southern Oscillation (ENSO)

The El Nino-Southern Oscillation (ENSO) influences the wet season in the Timor Sea
(Gordon et al., 2010). Throughout La Nina the wet season is extended, with an increase
in rainfall and floods. This event can cause pronounced variations in transport of water
mass, temperature and salinity (Gordon, 2005). An example of this was seen in mid-
1997 to early 1998, when both El Nino and Dipole events occurred. This affected the
upper part of the water column in the area (Timor Sea, Arafura Sea and Banda Sea),

creating warmer and saltier conditions than normal (Sprintall, 2003).

Temperature

The monthly mean air temperature in the Timor Sea region peaks at about 33.4°C in
December and around 24.9°C at its lowest in July. The monthly mean air temperatures
recorded in the Timor Sea East Timor territory, around 180km from the South Coast,
range from 24.9°C in July to 29.6°C in December (URS, 2002). Mean air temperature in
the Timor Trough area average around 28.7°C (Sprintall, 2003). While there is little
variation in the temperatures between the shallow continental shelves of East Timor and
Australia, mean air temperature along Australian continental shelf ranges from 31.1°C in

July to 33.4°C in December (BHPP, 1998, BOM, 2010).
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Surface water temperature recorded around the South Coast of East Timor ranges from
25 to 31°C. At a depth of 150m, the water temperature ranges from 22 to 25°C (OMV,
2003). Surface seawater temperature on the Australia continental shelf ranges from 27 to
30°C (BOM, 2010), with the average surface temperature above the Timor Trough
approximately 28.7°C. Temperatures increase during the north-west monsoon from
January to March, reaching a peak of 31°C and falling to a low of 25°C during the

south-east monsoon season (Sprintall, 2003).

Salinity

Surface seawater salinities in the Timor Sea appear to be similar to conditions in the
tropics and generally range from 34 to 35 ppt, with little seasonal variation (WNI,
2001). Salinity measured around the development area ranged from 33.61 to 34.71 ppt,
although slightly lower salinity levels were recorded in deeper waters. There is some
seasonal variability in salinity, with a distinct freshening occurring from March to May
related to the enhanced rainfall during the north-west monsoon and resulting in

voluminous river run-off (Sprintall, 2003).

In summary, the climate in the Timor Sea climate can be described as tropical and is
characterised by two distinct seasons: the wet season from November to March and the
dry season running from June to September. The region is also influenced by the north-
west monsoon, which is characterised by steady, moist, west to north-west winds
associated with enhanced rainfall, tropical cyclones and thunderstorm activity. These
conditions in turn affect the ocean and can lead to a strong seasonal variability in the

strength and direction of currents, as well as temperature and salinity patterns.

2.3 Biological Characteristics

Scientific information on marine biodiversity and habitats of the northern part of the
Timor Sea is limited compared with other neighbouring regions. Consequently, this
study also assesses biological data from Australia and other neighbouring regions. The
Timor Sea region is part of the Indo-west biogeographical province (see Figure 2.9) and
it is assumed that the majority of species within this region are widely distributed and
are included in the tropical waters to the north of the Australian continent (Wilson,

1987).
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Figure 2.9. Indo-West Pacific bioregeographical province. Source: (Wilson, 1987).

To systematically assess the natural features of the study area the sections are arranged
under four main sub-headings: East Timor intertidal habitats, East Timor shelf habitats,
continental slope habitats (all deep-sea beyond 200m) and marine vertebrates. Where
direct information on the geographical area is lacking (e.g. deep-sea habitat and the East
Timor continental shelf) a prediction of the habitat and biota are made on the basis of
data from bio-geographically or environmentally similar regions. Various eastern
Indonesian islands and the south coast of Papua New Guinea (PNG) are considered in
this study. These locations were selected because of their similarity in terms of bio-
geography, adjacent mountainous land, large river mouths on the coastlines and narrow

continental shelves.

2.3.1 Intertidal habitats

Intertidal

The intertidal zone of the South Coast of East Timor includes rocky intertidal shelves,
sandy or muddy tidal flats and mangrove forests (Sandlund, 2001). The coast is
dominated by steep, wave-exposed sandy beaches. Although most areas are sedimentary
shores, these are sometimes interspersed with rock autocrops. Large river mouths are

frequent along the coast and are predominantly associated with sedimentary shores and
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extensive sand banks (Personal observation). The slopes of these adjacent coastal plains
typically range from 3% to 6% (GERTIL, 2002) and river deltas and swamps are
common. Long stretches of sandy beach with heavy waves and surf are also common
along the South Coast and this generally results in high turbidity of coastal waters
(Sandlund, 2001).

Figure 2.10. Sandy beach er_l-vi.ronments on the South Coast of East Timor, showing steep wave-exposed
conditions (a & b) on Betano, (¢c) Beaco and Suai Loro Beaches (Photo: Jose Lucas).

There is a general lack of data on the sedimentary shore biota of the South Coast.
However, it is reasonable to assume the infaunal community is probably impoverished
due to the mobile nature of the sediments on the steep, wave-exposed shores (see figure
2.10). As river mouths are likely to be subject to variable salinity and mobile sediments,

the diversity of species is likely to be relatively limited at such locations.

The biota of rocky shorelines on the South Coast of East Timor is largely unknown,
although it is presumably comparable to that of rocky shores found on the south coast of
PNG. These shores are typically high energy environments with high wave exposure,
turbulent waters and strong water currents, factors that often result in considerable
erosive potential (Heijs, 1986). Other features include high dissolved oxygen saturation,
moderately high levels of suspended material and little, if any, sediments, except in
sheltered pools and backwaters in the lee of the rocks. Such habitats have their own
characteristic biological communities and add an important dimension to the country’s

habitats and the diversity of species they contain (CTI-PNG, 2012).
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Mangroves

The total area covered by mangroves in East Timor has been reduced by approximately
80% from 1,940 hectares, as recorded in 2008 (Boggs et al. 2009). Trees are harvested
for timber and to use as firewood in East Timor and The illegal harvest of mangroves

and the loss of this vital habitat remains a critical coastal management issue.

Typically mangrove forms a marshy or swampy terrain in mid-high tidal flats along
areas of the South Coast. Mangrove areas in this region are sparse and limited in extent
and tend to form small patches at the mouths of streams (Alongi, 2009). Mangroves are
common in areas such as Suai Loro and are also present in Beaco (Personal

observation).

Mangrove forest is a vital habitat, supporting South Coast communities ecologically and
economically (Alongi, 2009 and Sandlund, 2001). Mangroves provide coastal
protection, as well as important spawning and breeding areas for fish and birds. They
are also a source of firewood, building materials and traditional medicines. The only
information available on mangroves for the region is derived from Boggs (2009) and
FAO (2007).

Table 2.3. Aggregation of true mangrove species on the South Coast of East Timor. Modified from
(Boggs, 2009 and FAO, 2007).

Species Family
Avicennia marina ACANTHACEAE
Aegiceras corniculatum MYRSINACEAE
Bruguiera gymnorrhiza RHIZOPHORACEAE
Ceriops decandra RHIZOPHORACEAE
Lumnitzera racemosa COMBRETACEAE
Excoecaria agallocha EUPHORBIACEAE
Sonneratia alba LYTHRACEAE
Xylocarpus mekongensis MYRSINACEAE
Bruguiera parviflora RHIZOPHORACEAE
Rhizophora apiculata RHIZOPHORACEAE
Rhizophora stylosa RHIZOPHORACEAE
Sonneratia caseolaris LYTHRACEAE
Noumbe of species 12 Number of families 6

Twelve component mangrove species have been recorded on the South Coast of East
Timor (see Table 2.3). All of these species are widespread throughout South East Asia
and the Pacific in general. The literature indicates a higher richness of mangrove species
in both PNG — home to 33 species (Ellison, 2000, Gilman, 2008) —and on Indonesia’s

Seram Island where 26 species can be found (Susetiono, 1995).
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Seagrass

There remains a lack of information on the extent and density of seagrass habitats on the
South Coast. Seagrass habitats in PNG and Seram Island are assessed in this sub-section
on the assumption that similar habitats will occur in East Timor. Seagrass communities
in PNG occur on fringing reefs, protected bays, protected barrier reefs and islands. They
are most commonly found on reef flats, as well as in coastal lagoons (Brouns, 1985 and
Johnstone, 1978a). They are often associated with areas close to big river estuaries that
maintain a steady, but low level supply of fine silt and mud sediments to the lagoon
floor (Heijs, 1986). However, if the concentration of suspended sediments is too high,
seagrass growth is likely to be limited by the turbidity of the water in the lagoon (CTI,
2012, Johnstone, 1979). Seagrass communities tend to be absent on steep slopes
exposed to oceanic swell, as well as areas with high silt loads and those influenced by
large volumes of freshwater run-off from rivers (Johnstone, 1979). There are 13 species
of seagrass present in the PNG coastal region (Johnstone, 1979). These are most
dominant of these are Thalassia hemprichii and Enhalus acoroides, with another 10
species present to varying degrees (Johnstone, 1978a). Seagrass communities on Seram
Island are frequently found in shallow-water back reefs (e.g. reef flats and moats) and
lagoons (Tomascik et al., 1997), reaching their highest abundance in such environments
(Kuriandewa, 2003). However, in some locations they dominate the reef crest of barrier
reefs and atolls (Neinhuis, 1989). The seagrass Thalassadendron cialliatum, for
example, is often found attached to hard rock and coral limestone at the seaward

margins of reefs (i.e. fringing reefs and atolls) (Tomascik ef al., 1997).

Seagrass communities are an important coastal habitat (CTI, 2012, Kuriandewa, 2003)
and play an important role in stabilising coastal sediments, as well as providing habitats
and feeding grounds for marine organisms. They also provide nursery grounds for fish
and help support human commercial activities (Brouns, 1985). Seagrass also provides
food for the endangered green turtle (Chelonian mydas) and the dugong (Dugong
dugong) (Lanyon, 1989). Seagrass contributes to the productivity of ecosystems via the
detrital food pathway, binding sediments and helping to prevent erosion, slow-water
flow. It also helps to increase water clarity and remove harmful pollutants from coastal

water (Brouns, 1985, CTI-PNG, 2012).
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Seagrass communities are potentially threatened by both natural and human impacts
(CTI, 2012). Seagrass losses can sometimes be linked to natural events such as storms
(Brouns 1985), as well as grazing (Tomascik et al., 1997) and climate change (CTI,
2012, Kiswara, 1996). However, in most cases it is linked to human activities (Brouns,
1985). This may occur through pollution (i.e. sewage, oil spills and coastal run-off), as
well as physical disturbances (i.e. dredging, boat propellers and anchoring) or coastal

development (CTI, 2012).

2.3.2 Shelf habitats

Shelf sediment

Information on continental shelf sediments in East Timor is extremely limited.
However, the environment is assumed to be similar to that of the continental shelves of
Papua New Guinea (PNG) and the islands of eastern Indonesia. The shelf sediments
north of PNG are composed mainly of riverine sediments. The literature indicates that
distribution of sediments in this area can be categorised into three distinct groups: 1)
within 200m of organic rich mud on the shoreline, 2) between 200m and 500m poorly
sorted sandy muds on the shore, 3) between 500m and 1000m of sands and fine gravel
on the shore (Kineke, 2000). On the continental shelf of Seram Island the sediment is
predominantly sandy in shallower areas (<200m), with silt and clay deposited in quieter

deeper water (>200m) (Tomascik et al., 1997).

The Australian continental shelf in the Timor Sea is relatively extensive and slopes
gently from the shore to a depth of about 200m where there is an abrupt drop-off to the
continental slope (Smith, 1997). Most of the shelf is composed of soft sediment with
little topographic relief. This has resulted in vast expanses of monotonous benthic
communities, with only slight distinctions in different areas due to variations in
sediment grain size (Heyward, 1997a, Smith, 1997). Due to the lack topographic relief,

the shelf has only a limited range of habitats or niches for animals to occupy.
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Figure 2.11. Map of the Big Bank Shoals showing the distribution of Halimeda algae, encrusting
sponges, hard corals and soft corals. Source: (Heyward, 1997a).

Such habitats are dominated by filter-feeding heterotrophs such as sponges, soft corals,
gorgonians, detritus-feeding crustaceans and echinoderms. A recent survey documented
epibenthic communities on the Shelf, including Elang, Bayu-Undang and Itchy (see
Figure 2.11). All sites recorded were of similar character, with soft, easily re-suspended
sediments predominantly making up about 97% of the benthos (Smith, 1997). Shelf
sediment samples taken at the three sites demonstrated that polychaetes and crustaceans
were the two major taxes, making up over % of the total species at individual site

(Heyward, 1997a, Smith, 1997).

Shelf biogenic reefs

Unprotected intertidal reefs and islands occur along the South Coast of East Timor, with
seas usually characterised by strong waves. This is in contrast to the north coast which
tends to be more placid (silent) and possesses more reefs. Maps generated by the
Defence Mapping Agency Topographic Centre in 1976 highlight areas on the South
Coast where coral reefs are known to occur (CTI-TLS, 2012). An aerial observation of
coral reefs undertaken on the South Coast indicated that fringing reefs do not extend
further than 100km from the shore (Eni, 2008). The reefs found in East Timor are
comparable to those in eastern Indonesia, which have a relatively narrow reef flat of 20
to 100m in width and a drop-off at a depth of 40 to 60m (CTI-TLS, 2012). Some

fringing reef systems in East Timor have a rubble zone located immediately below the
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reef crest (Tomascik et al., 1997). Tomascik et al., (1997) suggested that the rubble area
may be the result of high bio-erosion rates in fast-growing branching corals (Porites
cylindrical, P. nigrescens, Acropora aspera and A. Nobilis), which generate fragments
that are deposited at the base of the reefs. Another interesting characteristic of some
fringing reef systems found on East Timor’s shallow shelf is the existence of a rubble
zone located immediately below the reef crest, ranging from about 2 to 3m in depth
(Tomascik et al., 1997). Coral reefs in East Timor appear to have a high cover of
sponges, hydroids, algae groups, ascidians and Montipora corals. These have been
recorded along the South Coast, as well as some partially damaged coral colonies by
Drupella grazing (Ayling, 2009). East Timor’s reefs are classified as oceanic fringing
reefs similar to the fringing reefs in Sulawesi and Flores in eastern Indonesia (Tomascik

et al., 1997).

Shallow banks dominated by reefs formed by the algae Halimeda (Marshall, 1994) can
be found in some areas on the outer part of the Australian continental shelf. Halimeda is
a genus of macroscopic, calcareous, green algae, belonging to the Cauleprales
(Chlorophyta) order and which are easily identified by their plate-like, calcified
segments (Smith, 1997). Halimeda has generally been considered a plant of sand

substrata, growing most commonly in shallow lagoon environments.

Halimeda 1s abundant on the outer Australian continental shelf and is of importance in
terms of sediment production and reef formation. These can also form geological
structures such as bioherms and banks (Marshall, 1994, Maxwell, 1968). Halimeda
reefs commonly support encrusting sponges and a diverse range of other organisms,
including bryozoans, foraminifera, tunicates and fish (Maxwell, 1968, Smith, 1997).
Soft corals and outcrops of hard coral also provide structure to Halimeda reefs (Smith
1997). The most abundant soft corals include Xenia spp, Sarcophyton spp and Nephthea
spp. A total of 19 different genera of scleractinian coral have been recorded on the
Halimeda banks in the region, with Sepriatopora and Fungiidae the most consistently
encountered including species (Heyward, 1997a, Smith, 1997). Gorgonian sea fans were
also found, but were only a very small component of the fauna. Halimeda communities
are susceptible to physical damage and disturbances due to storms or cyclones generated
by seasonal monsoonal weather (Heyward, 1997a). The recovery period for Halimeda
incrassate following severe storms has been reported as six to eight months, within

which time it was able to recover pre-disturbance biomass and abundance (William,
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1988). The rapid recovery has been attributed to the ability of Halimeda to obtain
nutrients directly from the sediment (William, 1988).

The outer Australian continental shelf includes areas of shallow water at depths of 15 to
50m (Marshall 1994) such as Sahul and Big Bank Shoals (AUSGEO., 2003). Several
genera of corals are found in the region, including Goniastrea, Pocillopora,
Seriatopora, Porotes, Gonjopora and Fungia (Smith, 1997). Recent ROV surveys
recorded 16 genera of scleratinian coral (reef-building coral) in these areas, with the
most abundant hard corals being Porites, Acropora, Pachyseris and Montipora
(Heyward, 1997a, Marshall, 1994, Smith, 1997). Soft coral found in the area were
dominated by species of the families Xeniidae, Nepththeiidae and Alcyoniidae (Smith,
1997).

2.3.3 Continental slope habitats

Information on continental slope habitat in the Timor Sea is also lacking. The
continental slopes of similar bio-geographical regions are reviewed in this sub-section
and include the continental slopes of Papua New Guinea (PNG) and eastern Indonesian
islands. The literature indicates that many pelagic community dwellers provide
important feeding, reproduction or nursery habitats. The zone also provides similar

opportunities in oceanic (bathyal and abyssal) depths (CTI-PNG, 2012).

2.3.4 Deep-sea habitats

Hydrothermal vents

Because the Timor Trough is on the boundary of a tectonically active plate (Hessler,
1991) it is suspected that hydrothermal vents may occur, even though there is no direct
evidence of vents or vent communities. Hydrothermal vents represent discharges of
magmatic fluids directly into the water column and ocean floor (Embley et al., 2006,
Nakagawa et al., 2006). Minerals are precipitated out as the vent fluid meets the cold
sea water, and the resulting mineral deposits can form massive chimney structures rising

from the seabed (Gold, 1992) and (Perkins, 2001).

Vents tend to be confined to mid-ocean ridges (Tunnicliffe, 1991), but also have a wide

distribution at the sea floor (Tufar, 1990, Tunnicliffe et al., 1998). Vents are typically
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formed gradually over time on the sea floor (Tunnicliffe et al., 1998). Hydrothermal
vents have a wide distribution in the western Pacific (Tunnicliffe, 1991), including
numerous locations that are bio-geographically similar to the Timor Sea. Such locations
include Lihir Island in PNG (1450m), the Java Trench (1500m) (Southward et al., 2002)
and the Manus Basin (Hashimoto, 1999).

Although the fauna of hydrothermal vents varies from location to location, it is
generally characterised by a relatively high biomass, high endemism and an energy
supply based on chemoautotrophic bacteria. Numerically dominant species typically
have a symbiotic association with the energy-generating chemoautotrophic bacteria and
may include vestimentiferan tubeworms and bathymodiolid mussels. Vestimentiferan

species recorded in the region include species of Escarpia and Arcovestia ivanovi

(Southward et al., 2002).

Cold seeps

Cold seeps potentially occur in the Timor Trough (O’Brien, 1999). Evidence from
geophysical and geochemical studies indicates that methane seeps are widespread
within the Timor Sea (O’Brien, 2000). Studies have also documented numerous active
seeps on the shallow carbonate-rich Yampi Shelf area on the Australian continental
shelf (Rollet et al., 2006). The presence of these was indicated by numerous plumes of
methane gas associated with hydrocarbons detected in the water column (Rollet et al.,
2006). There are many similarities between cold seep and hydrothermal vent
communities, including the role of chemoautotrophic bacteria as primary producers. In
the case of cold seeps, the bacteria generate energy primarily from methane (Levin
2005; Hsing, 2010). However, cold seep communities in shallower areas (e.g.
continental shelf) are typically less dependent on chemoautotrophic bacteria as an
energy source compared to communities at greater depths (e.g. continental shelf and
abyssal plain) (MacDonald, 1996). Cold seep studies in the Timor Sea have mostly
focused on geochemistry, with minimal attention to biological aspects. Cold seep
communities are ecologically similar to hydrothermal vent communities and are thought
to show a high degree of endemism. Component fauna may include bivalves (mytilids,
vesicomyids, lucinids and thyasirids), vestimentiferan tube worms, gastropods and

shrimp (Levin, 2005).
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2.3.5 Marine vertebrates

Fish

The composition and distribution of fish species in the Timor Sea is likely to be similar
to neighbouring regions (Sandlund, 2001). In 1999, the CSIRO reported that fish
densities offshore in the Timor Sea are likely to be low in comparison to coastal waters,
although densities may be higher in the vicinity of shallow reefs and shoals near the
edge of the continental shelf. Although a number of specific studies have been
conducted in the region, there is still a lack of direct information on fish distribution and
density in the Timor Sea. Boggs (2009) found that big eye tuna (Thunnus obesus) and
whale shark (Richncodon typus) were present and these have been listed as threatened
species. The studies of Wilson (1987) and Wudianto (2007) noted a number of species
of economic importance in the Timor Sea, including tuna, mackerel, yellow fin and
snappers. The most dominant of these were reported to be skipjack tuna and yellow fin.
Wilson (1987) also reported that golden snappers could be found offshore in the Timor
Sea, with the most dominant species being Pristimoides multidenas (Lloyd, 1994). The
available literature indicates that both PNG and Seram Island have a higher proportion
of fish species (CTI-PNG, 2012), with 3,500 and 3,215 respectively (Tomascik et al.,
1997).

Marine reptiles

Marine reptiles are also likely to be present in the Timor Sea development area, among
these are saltwater crocodiles and species of marine turtles and sea snakes (Ross, 1998
and Storr, 1986). Turtle nesting sites have been identified on the shores of Jaco island
and Tutuala beach (Figure 2.1 south of Beaco) (CTI-TLS, 2012 and Nunes, 2001). It is

highly likely that there are other nesting areas which are as yet unreported.

Turtle numbers peak in November, with a high abundances occurring on the far north-

east tip of Timor around Jaco Island (Edyvane, 2009).
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Table 2.4 Details of six turtle species occurring in the Timor Sea development area. Source: Modified
from (Sandlund, 2001) and (Edyvane, 2009).

Common Species Genus Family Conservation
name status
Global (IUCN
ver. 3.1)
Oliver Ridley | Lepidochelys LEPIDOCHELYS | CHELONIIDAE Vulnerable
olivacea
Loggerhead Caretta caretta | CARETTA CHELONIIDAE Endangered
Hawksbill Eretmochelys ERETMOCHELYS | CHELONIIDAE Critically
imbricata endangered
Green Chelonia mydas | CHELONIA CHELONIIDAE Endangered
Leatherback Dermocheyls DERMOCHELYS | DERMOCHELYYIDAE Critically
coriacea endangered
Number of Number of genus: Number of families: 2
species: 5 5

Five species of turtle exist in the region, similar number to neighbouring regions such as
PNG and Seram Island, which both have six species (Tomascik ef al., 1997). Of the five
Timor Sea species two (Erectmochelys imbricate and Dermochelys coriacea) are listed
as critically endangered, according to the International Union Conservation of Nature
(IUCN) red list system of categorisation. A further two species (Caretta caretta and
Chelonia mydas) are categorised as endangered, with another (Lepidochelys olivacea)

listed as vulnerable.

The saltwater crocodile (Crocodilylus porosus) is the largest reptile to be recorded in
the region. This species is also found in other neighbouring countries, including
northern Australia, PNG, Indonesia and other parts of Southeast Asia (Tomascik et al.,
1997). The species has a tendency to travel very long distances, sometimes thousands of
kilometres from their native territory (Onglia, 2011). Saltwater crocodiles can swim 24
to 28km/h (6.7 to 8.0m/s) in short bursts and 3 to Skm (0.9 to 1.3m/s) when cruising.
Their distribution across the Timor Sea region is concentrated on islands and coasts.
During the wet season they generally inhabit freshwater swamps and rivers systems,
moving downstream into estuaries during the dry season (Ross, 1998). They also
frequently occur in marine coastal areas, as well as in freshwater bodies (Ross, 1998).

The species is listed as low risk in the [UCN red List.

Sea snakes are known to occur in a wide range of water depths around the shores of
East Timor’s South Coast, as well as reefs and banks in offshore areas. Storr (1986)
recorded approximately 15 species of sea snakes, occurring in northern Australian

waters and the Timor Sea.
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Seabirds

There is limited information on seabirds in the Timor Sea area. Although there are
migratory species that cross the region or forage within coastal waters, their status and
distribution is poorly documented (Trainor, 2005). While recent studies conducted by
Trainor (2007) revealed that there are waterbirds and coastal species of birds that are
endemic to Timor, the study did not specify the distribution of seabirds. A study by
Dunlop (1995) found that seabird distribution on the Australian continental shelf in the
Timor Sea was generally very irregular. However, islands provide shelter and feeding
grounds and therefore may support higher populations of birds. The region is also
reported to be a significant staging point for birds migrating between Australia and the
northern hemisphere. This discovery also affirmed in the work of the CSIRO (1999)
that reported over 10,000 seabirds belonging to nine different species potentially utilise
Ashmore Reefs as a breeding site. The literature indicates that both PNG and Seram
Island have a higher diversity of species, with 21 and 26 species respectively (Tomascik
et al., 1997). Among the species fund in the Timor Sea area two are listed as critically
endangered (Trainor, 2005). Additionally, the streaked shearwater (Calonectris
leucomelas — also known as Puffinus leucomelas), a migratory species of seabird listed

under the EPBC Act, may occur within the same region (DEWHA, 2007a).

Marine mammals

Numerous species of marine mammal are likely to be present in the Timor Sea, with the
Timor Trough thought to provide an important migratory corridor connecting the
Pacific and Indian oceans (Dethmers et al., 2009, Khan, 2003, Khan, 2005 and Mustika,
2005). There is relatively limited data available on marine mammals in the Timor Sea,
although information on distribution is provided by recent observations by Eni (Eni
2007; Eni 2008; Eni 2010). These studies were commonly conducted around deep-water
areas at depths of between 500 and 2,500m during September, with survey periods an
average of 22 to 30 days in duration. The studies recorded 96 individual species,
including Pygmy blue whales (Balaenoptera musculus brevicauda) and unidentified
species of dolphins. The observations of pygmy blue whales is evidence they do move
along a migration route, although it has also been argued that the migration of many
other cetaceans usually takes place for reproduction and feeding events (Boyd, 2004 and
Stevick, 2002). This statement is supported by the findings of Burton’s 2008 study on

the occurrence and distribution of cetacean species south of East Timor. The survey ran
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for 73 days and covered a track of 5500km, with a total of 670 hours devoted to the
study between the months of July and September. Blue whales were recorded in deep
water at depths between 500 and 2500m over the Timor Trough and were thought to be

using the area for feeding and possibly also for breeding.

Humpback whales (Megaptera novaeangliae) are known to occur near the coast of the
Australian mainland throughout their migratory cycle, with calving grounds identified
in the Camden Sound, near the Kimberley coast (Jenner, 2001). The humpback
migration route runs along the west coast of Australia and terminates at their breeding
area in the coastal waters of Bonaparte Archipelago and in bays of the Kimberley coast
over 250km from the development area. However, during their northern migration,
throughout late July to early August, humpback whales may migrate through the

development area in the Timor Sea (Jenner, 2001).

Dugongs (Dugong dugong) are likely to occur on the South Coast in areas with seagrass
beds in shallow water at depths of less than 10m (Eni, 2007; Marsh 2006: Lanyon
1989).

Table 2.5. The occurrence of marine mammals in the Timor Sea. Source: modified from (Dethmers et al.,

2009). A total of seven surveys were conducted to assess marine megafauna in Timor waters. These
include aerial surveys and field ground-truthing.

Common name Species Status
Global (IUCN ver. 3.1)

Blue whale Blaenoptera musculus Endangered

Bryde’s whale Balaenoptera brydei Data Deficient

Killer whale

Orcanus orca

Data deficient

Humpbak whale

Megaptera novaeangliae

Least concern

Sperm whale

Physeter macrocephalus

Vulnerable

Short-finned pilot whale

Globicephala macrorhyncus

Data deficient

False killer whale Pseudorca crassidens Data deficient
Melon-headed whale Pephonocephala electra Least concern
Cuvier’s beaked whale Ziphius cavirostris Least concern
Rough-toothed dolphin Steno bredanensis Least concern
Dugongs Dugong dugong Vulnerable

Spinner dolphin Stenella longirostris Data deficient
Spotted dolphin Stenella attenuate Least concern
Rissos’s dolphin Grampus griseus Least concern

The list of marine mammals above shows that Blaenoptera musculus is categorised
under the IUCN red list as endangered. Another two species (Physester macrocephalus
and Dugong dugong) are categorised as vulnerable species. Megaptera novaeangliae is
locally categorised under the EPBC Act as a vulnerable and migratory species. Table

2.1 indicates that there are only 14 species of cetaceans in the oil development area. The
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literature also indicates a higher diversity of mammal species in both PNG and Seram

Island (CTI-PNG 2012), with a total of 32 and 30 respectively (Tomascik et al., 1997).

Sperm whales (Physester macrocephalus) are known to feed on cephalopods in the
waters of the continental slope waters (Edyvane, 2009), with similar evidence also
reported in the work of Davis (1998) in the continental slopes of central and western

Mexico.

2.4 Existing human pressures on the natural marine environment on

the South Coast, Timor Sea.

This section assesses existing human pressures on the natural environment in the Timor
Sea, as well as potential future activities that may impact on the natural environment.
The overview of existing human pressures on the natural marine environment describes
the context within which any potential impacts as a result of future development will
occur. Such human pressures include commercial and traditional fishing, shipping,
tourism and recreational and agricultural activities, as well as aquaculture and coastal

development. These pressures are described and discussed in the sub-sections below.
2.4.1 Traditional and subsistence fisheries

Traditional and subsistence fishing activities conducted along both the Australian north-
west coastline and South Coast of East Timor are generally limited to the shorelines,
creeks and nearshore reefs (Moore, 1997). Fishing activities are normally conducted
from April to December. Other activities are conducted nearshore, including free diving
for the collection of trochus shells (throchus niloticus) and trepan (sea cucumbers)
(Heyward, 1997a). Certain species of sea cucumber are targeted or preferred and these
include Actinoyga spp. Holothuria nobilis and Thelenota ananas (Caddy, 1995).
Traditional fishing methods on the South Coast of East Timor uses both hand-hauled
gill nets and handlines, and do not typically do not extend more than 2NM (<4km) from
the coast (Eni, 2008). Fishing is primarily undertaken from canoes or small boats with
outboard motors, which restrict activities to areas close to shore. Fishing on the South
Coast also appears to be a seasonal activity and is frequently undertaken at night or
early in the morning (Personal observation). As the proposed development area is
offshore, it is highly unlikely to coincide with areas used for traditional fishing activities

(Personal observation).
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2.4.2 Commercial fishing

The oil development area is located in a zone of overlapping jurisdiction between
Australia and East Timor. The development area lies outside Australian fishing zones
and hence there are no Australian commercial fishing activities in the area. Other
commercial fishing activities in the area include operations by long-line fishermen from
Indonesia. These operations focus on fishing for shark fins (Charedon spp.) and for tuna
mackerel (Euthynnus affinis) which is the most commercially valuable fishery. The
shark fishing grounds are extensive and it is likely that fishing vessels will pass through

the area throughout April to December.

The operation of trawl fishing in the Timor Sea is commonly undertaken in the shallow
offshore areas. The most targeted species in the area are scarlet and sadletail perch
(Lutjanus erythropterus), snapper (Lutjanidae) and Emperor fish (Lethrinidae). Most of
the trawl fishing conducted is concentrated in the proximity of Sahul bank and Echo
Shoals, hence fishing vessels are likely to pass through the proposed development area.
A recent survey conducted by the Australian Fisheries Management Authority (AFMA)
indicated that only one vessel had been observed fishing in the vicinity of the Sunrise
gas field in the past few year (Woodside, 2001). The nearest Australian commercial
fishery to the proposed development area is about 75km south-east, which is included
within the north-west boundary of the northern Australian Prawn Fishery in the

Northern Territory.
2.4.3 Shipping activities

There are commercial shipping routes that pass through west of the development area.
Vessels include navy ships, tankers and bauxite carriers servicing terminals at Gove in
the Northern Territory and Weipa on Cape York Peninsula. Other vessels passing
though the route include coal carriers and container vessels departing Queensland ports
for destinations in the Middle East, Europe and South Africa (Moore, 1997). Figure
2.12 gives some indication of the frequency of shipping routes in the Timor Sea. Vessel

traffic in the oil development area appears relatively low.
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Shipping Lanes —~~ Road Networks

Figure: 2.12. The complex network of global cargo ship movements. Adapted from Pablo Kaluza et al.,
2010. http://arxiv.org/aabs/1001.2172.

2.4.4 Traditional and Subsistence Fisheries

Traditional and subsistence fishing activities both of the Australian north-west coastline
and of the south coast of East Timor are in generally limited to the shorelines, creeks
and nearshore reefs (Moore, 1997). Normally, fishing activities are conducted from
April to December. Other fisheries are conducted nearshore by free diving for collection
of trochus shells (throchus niloticus) and trepan (sea cucumbers) (Heyward, 1997a).
Certain species are of sea cucumber are targeted or preferred and these include
Actinoyga spp. Holothuria nobilis and thelenota ananas (Caddy, 1995). Typically,
traditional fishing on the South coast of East Timor uses both hand-hauled gill nets and
handlines, and fishing activities usually do not extend more than 2 nm (<4 km) from the
coast (Eni, 2008). Primarily, fishing is from canoes or small boats with outboard motors
which restrict activities to areas close to shore. Fishing activity on the south coast
appears to be a seasonal activity and is frequently undertaken at night or early in the
morning (Personal observation). The proposed development area is offshore so it is
highly unlikely to coincide with areas used for traditional fishing activities (Personal

observation).
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2.4.5 Commercial Fishing

The oil development area is located in a zone of overlapping jurisdiction between
Australia and East Timor. The development area lies outside Australian fishing zones
and hence there are no Australian commercial fishing activities in the area. Other
commercial fishing activities in the area include operations by long line fishermen from
Indonesia. These operations focus on fishing for shark fins (Charedon spp.) and for tuna
mackerel (Euthynnus affinis) which is the most commercially valuable fishery. The
shark fishing grounds are extensive and it is probably that fishing vessels will pass

through the area throughout the months of April to December.

The operation of trawl fishing in the Timor Sea is commonly undertaken in the shallow
offshore areas. The most targeted species in the area are Scarlet and Sadletail Perch
(Lutjanus erythropterus), Snapper (Lutjanidae) and Emperor fish (Lethrinidae). Most of
trawl fishing is concentrated in the proximity of Sahul bank and Echo Shoals hence the
fishing vessels are likely to pass through the proposed development area. A recent
Survey conducted by Australian Fisheries Management Authority (AFMA) indicated
that only one vessel has been observed fishing in the vicinity of the Sunrise gas field in
the past few year (Woodside, 2001). The nearest Australian commercial fishery to the
proposed development area is about 75 km south east which is included within the

North West boundary of the Australian Northern Prawn Fishery (Northern Territory).
2.4.6 Agricultural activities

East Timor is an agricultural-based economy with the majority ( 90%) of the population
relying on subsistence agriculture (CIA, 2009). Slash and burn agriculture may be
associated with increased soil erosion, larger sediment load in the rivers and hence
increased turbidity and sedimentation at river mouths. In South Coast areas
agrochemical use such as fertiliser and pesticides is localised and minimal, although it is
more widely used in rice-growing areas on the north coast of the island (Personal

observation).
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2.4.7 Coastal development

The South Coast of East Timor is undeveloped compared to the north coast which
accommodates the capital city, Dili. Traditional coastal populations live scattered in
small groups and villages along the coast. No major city or industry exists in the region
(personal observation). However, as a new economically developing country East
Timor could potentially develop the South Coast region to boost the country’s economy
through the development of oil refineries or other coastal industries. Urban expansion
and industrialisation has resulted in coastal pollution from domestic, agricultural and
industrial waste in the area. Any development on the coast also has the potential to alter
the natural ecosystem, possibly influencing biodiversity. Detrimental changes could
occur through direct habitat destruction and/or increased pollution. In summary,
existing human pressures on natural resources in Timor Sea and the South Coast region

are currently negligible in nature.

2.4.8 Existing human pressures on coastal and marine environments in

other regions.

This sub-section provides additional evidence of human pressures on natural resources
in other geographical regions to serve as a reference to assess potential future impacts in
the Timor Sea. It has been well documented around the world that environmental
degradation in coastal areas is closely related to human activities such as agriculture,
fishing, land clearing and coastal urbanisation (Somerfield et al., 2006, Schaffelke et
al., 2005, Ramade and Roche, 2006). Such human activities include global increases in
annual nitrogen fertilizer, which is now used worldwide at more than six times the level
of 1960 (Matson et al., 2006). Land clearing continues at a rate of 1 percent of the
earth’s surface per year (Davis, 1993), rapid coastal urbanisation also occurring in many
areas. Coastal and marine ecosystems are increasingly exposed to growing loads of
nutrients, sediments and pollutants discharged from the land. Hence terrestrial run-off is
of growing concern for those nations endowed with coral reefs with diverse fish
communities (Burke, 2002). The subsections below provide an overview of the
literature on the selected issues outlined, as well as the potential impacts on East

Timor’s South Coast.
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Commercial fishing and potential effects

Table 2.6 provides an overview of the conclusions made in several selected studies on

commercial fishing conducted in different geographical regions. These studies were

selected on the basis that they include review papers, and note recovery time and effects

on seabed habitat.

Table 2.6. Summary of main conclusions from a review of studies on human pressures on the marine

environment.

Conclusions

Stressors/community

Recovery time

Reference

The most severe impacts occurred in
biogenic habitats in response to scallop-
dredging. Analysis of the response of
different feeding guilds to disturbances
from fishing revealed that both deposit and
suspension feeders were consistently
vulnerable to scallop-dredging across
gravel, sand and mud habitats, while the
response of these groups to beam-trawling
was highly dependent upon habitats,
particularly muddy sands, which were
surprisingly vulnerable.

Scallop-dredging and
beam-trawling

The biota of soft sediment
habitat predicted recovery
time to be within a few
years. Slow-growing, large-
biomass biota such as
sponges and soft coral took
much longer to recover (up
to 8 yrs) than biota, with
shorter life-spans such as
polychaetes (<1yr).

Kaiser et al., (2006)

Recurrent trawling can be expected to have
an accumulative impact on benthos. The
effects of single trawls were not large and
prawn trawls appeared to have a smaller
effect than fish trawls, beam-trawls and
scallop dredges.

Prawn and fish trawling

Recovery within 6 yrs.

Pitcher et al.,
(2009)

Although there is evidence to suggest that | Bottom-trawling gears | In deep water (>1000m) | Jones (1992)
bottom-trawling has an impact on the recovery time is probably

environment, the extent and duration of measured in decades.

those affects varies depending on local

conditions.

Long-lived, slow-growing species are most Beam-trawling In many areas recovery | Bouma and
negatively affected. Shifts occur in the times take longer than | Lengkeek (2010)

composition of benthic species and
changes to ecosystems take place through
alteration of production levels, food or
population structures. In terms of loss of
benthic biodiversity, sandy areas are less
impacted than muddy areas or areas with
coarse gravel.

between-trawling intervals.

Fishing had an impact on habitat
components, community structure and
ecosystem processes. This was the case for
a wide range of habitats and fishing gear
types. All studies indicated commonalities,
with immediate effects on species
composition, as well as diversity and
reduction in habitat complexity.

Various fishing gear

Recovery after fishing was
more variable depending on
habitat type, life history,
strategy of component
species and the natural
disturbance regime.

Auster et al., (1999)

Studies in table 2.6 indicate that commercial fishing practices using trawling and

dredging have a demonstrated impact on benthic habitats and communities, with similar

evidence also documented in the review by Gordon (2006). The extent of that impact

varies and depends on numerous factors, including the type of gear used, physical

habitats and locations (Jones, 1992). Sandy areas, for example, appear to be less
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sensitive to damage compared to muddy or gravelly sediments (Auster et al, 1999).
Although sandy areas are easy to disturb, they are much faster to recover than gravel
and muddy habitats (Gordon, 2006). Many studies indicate that effects occur on
production levels, population structure, species composition and diversity (Auster ef al.,
1999, Bouma, 2010). Recovery time is also highly variable depending on the type of
fishing gear and the nature of the benthic habitat. For example, the recovery period may

vary from one to eight years to more than 10 years (Gordon, 2006, Kaiser et al., 2006).

Artisanal fishing and potential effects

Compared to commercial fishing, artisanal fisheries (those pursued by small-scale
fishers utilising traditional methods) in developing countries are less often assessed for
environmental impact (Hawkins, 2004). The main reason for this is that degradation in
stocks and benthic communities caused by commercial methods such as trawling and
dredging are widely regarded as considerably more harmful than any effects from small-
scale, traditional techniques. The work of Dalzell (1998) on archaeological records from
numerous coral reef localities around the Pacific detected little or no impact from
artisanal fishing over the past 1000 years. Similarly in Hawaii, reef fisheries appear to
have supported a much larger human population in the past (pre-European times) than
they do today, and there is no evidence that those activities have caused adverse effects
to the marine environment (Birkeland, 2001). However, evidence from the past two
decades demonstrates significant effects from artisanal fishing (Adam, 1997, Hawkins,
2004), presumably this is due to the increased use of modern materials and equipment
such as motorised boats. Although many artisanal practices have changed little over the
years (Johannes, 1997), fishing is now conducted with greater intensity and many
fisheries now support larger populations (Polunin, 1996).

Concerns have been raised that recent increases in artisanal fishing could alter the
structure of coral reef communities as predator species continue to be targeted and
depleted (Jennings, 1998). In some cases, vulnerable species may be threatened with
global or local extinction (Hawkins, 2004). The giant clam (7ridacna gigas), for
example, appears to have disappeared from large areas of the Pacific due to the
activities of artisanal fishers (Wells and Jernakoff, 2006). Artisanal fishing can also
indirectly effect coral reef habitats (Hawkins, 2004). In one case, fishing activity

depleted fish populations to such an extent that their sea urchin prey increased in
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abundance (McClanahan, 1990). The increased numbers of these herbivorous urchins
resulted in less algae and more bio-erosion, which subsequently led to decreased coral
cover (McClanahan, 1996). According to Edyvane et al. (2009), illegal turtle harvesting
remains a major issue in East Timor, especially in the recently declared Nino Konis

Santana National Park and Marine Park.

Marine aquaculture and potential effects

Marine aquaculture is another human activity which has the potential to effect the
marine environment (Russ, 2002). Fish farming is among the factors assessed in this
section. Studies were selected to include review papers and studies of effects on marine

habitats.

Table 2.7. Summary of main conclusions from a review of studies on the effects of marine aquaculture on

the marine environment.

Conclusion

Stressor

Reference

Significant loss of benthic biodiversity and localised changes in
phsico-chemical properties of sediments. Presence of these
farms significantly increases in pulses the density of
dinoflagellates.

Salmonid farming

Buschamann et al., (2006)

Habitats considered highly sensitive include maerl, seagrass,
Sabellaria and oyster reefs, with serpulid reefs, muds in deep
water and sheltered muddy gravels being considered moderately
sensitive. Habitats considered at greater risk were maerl, deep-
water mud, sheltered muddy gravels and beds of Modiolus
modiulus.

Salmon farms

Wilding, (2010)

Contributes to coastal nutrient pollution, atmospheric deposition
and the release of toxic compounds in the area around fish
farming.

Salmon aquaculture

Milewski et al., (1999)

Effects observed primarily correlated with ammonium and the Various fish farming Sara (2006)
other nitrogen forms in the vicinity of farms.
Environmental effects of seaweed cultivation can have an Seaweed, salmon and Buschamann et a/.(1996)

impact on sedimentation processes, increased invertebrate
assemblage and algal epiphytic abundance. Mollusc farming
causes bio-deposition, faunal changes and introduces new
species. Salmon cultivation potentially effects organic
sedimentation and can cause changes to fauna and
phytoplankton blooms.

mussel faming

Studies in Table 2.7 demonstrated that marine aquaculture practices such as salmon,
seaweed and mussel farming have localised effects in the vicinity of fish farms
(Buschamann et al., 1996, Sara, 2006). The nature of the impacts appears to vary
considerably depending on the habitats and species involved (Buschmann et al., 2006,
Wilding, 2010), as well as the local sedimentation process (Buschamann ef al., 1996).
Aquaculture has been implicated in the introduction of new species (Buschamann et
al.,1996) and is known to contribute to coastal nutrient pollution (Milewski, 1999).
Examples of habitats considered at greater risk include maerl, mud, deep-water gravels

and beds of Modiolus modiolus (Wilding, 2010).
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Overall summary

The Timor Sea region includes the shallow and extensive continental shelf off
northern Australia, the deep sea environment of the Timor Trough (up to
3300m) and the narrow continental shelf off the South Coast of East Timor.

The area is tectonically active with the Timor Trough forming an active
subduction zone.

There are two main seasons: Dry from April to September and wet from October
to March, with the area also subject to periodic storms and cyclones.

Water movements are driven by oceanic circulation, tidal oscillation and
superficial surface water driven by wind.

There is no evidence that the diversity of the Timor Sea fauna is particularly
high.

The shores of the South Coast of East Timor are predominantly exposed sandy
beaches assumed to support relatively low faunal diversity.

Mangroves are present at a few shore locations but are sparse overall.

Seagrass beds and shallow-water coral reefs are likely to be present, but are not
known to be extensive.

Coastal waters and shores are subject to the influence of large rivers at a number
of locations, presumably leading to local variations in salinity and increased
input of sediments and detritus, resulting in increased turbidity.

While very little is known of the benthos of the continental shelf south of East
Timor, the sediments are likely to be terrigenous

Sediments found on the Australian continental shelf are thought to be largely
carbonate in composition and benthic infaunal communities are thought to show
little spatial variation. Shallow banks formed by Halimeda reefs are present on
the outer part of the shelf and support some coral communities.

Virtually nothing is known of the biota of the continental slopes and the deep
sea of the Timor Trough. It is assumed the benthic fauna is diverse, if sparsely
distributed, and dominated by deposit feeders. Hydrothermal vent and cold seep
communities are likely to exist in the area.

Fish densities in the continental shelf are likely to be relatively low in open
waters and greater in nearshore areas and around shallow reefs and shoals.

The area is on a migratory pathway for some birds and marine mammals.
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- Endangered species of turtles and marine mammals are known to occur in the
area.

- Current human activities such as agriculture, fishing, shipping, and coastal
development are thought to have only a negligible impact on the biota of the

Timor Sea.
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Chapter 3 A REVIEW OF THE POTENTIAL IMPACTS
ON THE MARINE ENVIRONMENT ASSOCIATED
WITH OFFSHORE OIL AND GAS EXPLORATION.

3.1 Introduction

The development of installations such as oil platforms and drilling has become a typical
feature of many shelf areas in recent decades. It is anticipated that such developments
will take place in the Timor Sea in the near future. The shelf zone of the region was
previously used mainly for shipping and fishing. However, in the future it will become a
ground for relative new, dynamic and large-scale economic activity consisting of

offshore oil and gas production.

The expansion of economic activities on the continental shelf has the potential to
generate a wide range of environmental impacts. Such impacts are likely to occur in
both pelagic and benthic environments. This section provides a review of the potential
impacts of oil development on the Timor Sea. This study therefore considers the
potential impacts of seismic surveys, oil exploration (drilling muds and cuttings), oil

production (produced water), decommissioning of oil installations and oil spills.
3.1.1 Objective of the study

The objective of this chapter is to assess the potential impacts of oil exploration, with a
focus on the magnitude and extent of these effects. It includes an assessment of the
impacts of seismic survey, drilling muds, produced water and decommissioning on the

marine biota and the surrounding environment.
3.1.2 Methodology of the study

This study will achieve its objectives through:

1. An assessment of literature associated with oil exploration activities and
possible impacts on the marine environment.
2. Secondary data from various reports are assessed to estimate the magnitude and

extent of individual effects during the oil exploration process.
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3.2 Geological and geophysical survey

3.2.1 Seismic survey

Seismic surveys are an essential component of exploration activities for offshore oil and
gas. These are typically required to locate appropriate sites for exploratory drilling. The
method involves generating high intensity sound pulses and recording their reflection
from the seafloor and underlying rock strata. This is usually carried out by a seismic
survey vessel equipped with a number of energy sources which generate a short impulse
of noise every 30 to 60 seconds. The reflected signals are detected by receiver
(hydrophones) cables of 3 to 8km in length. The vessel steams down preselected tracks
about 1 to 2km apart, firing air or water guns every 30 to 60 seconds (typically at 25m
intervals as the vessel moves). Energy sources and receivers are normally attached to a
towed cable that is several kilometres in length. The survey array may be towed for
distances of 500 to 1000km at a depth of between 6 to 8 metres (1994a, Richardson,
1995). The vessel typically travels at a speed of 4.5 to 5.5 knots (approximately
10km/h) following parallel survey tracks. A typical survey on an average geophysical

exploration usually lasts two to three weeks.

Most seismic surveys operate both two dimensional (2D) and three dimensional (3D)
techniques. The 2D is the simplest and the most inexpensive method when compared
with 3D and 4D. Utilising a single air gun array and one seismic cable, it is possible to
map 2D slices of the seabed with a distance of several kilometres between each survey
line. The 3D method requires the vessel to travel along more closely spaced tracks at
100 to 500m) and normally utilises two air gun arrays and 4 to 10 hydrophone cables.
Selection of 2D or 3D techniques depends on the resolution of data required. Typically
2D surveys are operated to rapidly collect information covering a broad area, while 3D
surveys focus on a smaller, more specific area of interest in a tight grid pattern. In most
cases, 2D is used in the initial survey, with 3D then used to gain higher resolution data
from areas of interest. In some cases repeated 3D surveys — often called 4D surveys —
are used to map the production of hydrocarbons in a field, and these techniques that

have contributed significantly to increasing production from reservoirs.

Seismic airgun arrays typically consist of three to six subarrays, with each one having a

linear alignment of four to eight individual air guns. Thus, each array usually involves
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12 to 48 guns. The seismic industry typically employs arrays with an operating pressure
of 2000 psi. Generally, air guns vary from 0.16 litres to 8.21 litres in volume of air
discharged, although large-volume airguns specially designed for seismic refraction
work can be up to 60 litres of discharge (Marine Technology, Directorate, 1996). The
dominant frequencies of airgun pulses fall within the range 0 to 120 Hz, although there
are significant levels of high-frequency sound up to 20KHz also produced by the pulses
(Goold, 1998). Given that the utilisation of air guns is currently the most significant
method of seismic prospecting (Wardle, 2001a, Gausland, 2003a), it is necessary to

assess studies that have investigated the environmental effects of using this technique.

3.2.2 Potential impacts on the marine environment

The following sub-sections summarise the main conclusions in terms of environmental
impacts from airgun operation in the marine environment, as reported in the literature.
Studies have been undertaken in various parts of the world to assess both potential
physical damage and behavioural disruptions associated with acoustic disturbance
during seismic survey work. Such studies encompassed an assessment of the effects on
fish — including adult fish, larvae and fishing catch — as well as mammals and certain
invertebrates. There have been numerous studies on the impact of seismic surveys and
the effects on mammals, a topic reviewed by Gordon et. al, (1998). As reviews of the
impacts on fish are unavailable a selection of the primary literature has been consulted

to gauge potential impacts.

Potential impacts on adult fish

The effect of seismic surveys on adult fish have been assessed based on the literature
presented in Table 3.1. To determine the effects of air gun impulses on adult fish, a total
of 11 studies — including experimental and field-based studies — were reviewed and
summarised. The selection criteria for these studies was that they must have been

conducted in the marine environment and made attempts to estimate the affected zone.
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Table 3.1. Summary of conclusions on the potential impacts of seismic surveys on adult fish.

Conclusion Source Distance Received Reference
levels from level (dB)
(dB@1m) source (m)

There was significant damage to the sensory epithelia (ablated 222.6 50 <212 McCauley et al,
ear cells) in pink snapper examined 58 days after exposure. No (2003)
mortality observed.
No Sandeel mortality could be linked to airgun exposure. Where 256 >54 <221 Hassel (2004)
mortalities occurred, they were attributed to handling
procedures.
No physical damage and no mortality of rainbow trout or 229 150-4000 142-186 Bjarti (2002)
Atlantic salmon.
No physical damage observed in European sea bass 256 180 210 Santulli et al,

(1999.)
Change in vertical position. Blue whiting and mesopelagics 226.6 20-50 197.189 Slotte et al., (2004)
descended in the water column to depths of 20 and 50m
respectively.
Observed mortality. Some cod and plaice died within 48 hours. 226 2 220 Matislov (1992)
Internal injuries reported. No control to test for significance.
Damage to blood cells. 50 % of exposed fish suffered damage to 220-240 0.5 226-246 Kosheleva (1992)
blood cells or internal bleeding. Eye injuries also reported.
Increased swimming speed of sea bass bunched in the centre of 256 180 240 Santulli et  al,
the enclosure with random orientation. Recovery was usually (1996)
within 11 hours of exposure.
Change in vertical position. Decrease in average rockfish 223 82-183 183-191 Skalski et al., (1992)
aggregation height
Change in vertical position. Sandeel tended to remain higher in 256 >54 <221 Hassel et al., (2003)
enclosure.
Startle response. Startle (C-start) reaction of pollock to all airgun 5.3-195 195-218 Wardle et al,

shots

(2001b)

The main conclusions from Table 3.1 indicated that physical injury and mortality were

recorded in the immediate proximity of guns (<2m) and behavioural responses were

noted as far as ~200m from the source. However, the difficulty is that none of these

studies clearly define the boundaries of these effects on the behavioural responses.

Potential impact on fish eggs and larvae

The effect of seismic surveys on fish and larvae are assessed based on the literature

presented in Table 3.2. In order to determine the effects of air gun impulses on fish

larvae and eggs, a total of nine studies — including experimental, field-based and review

papers — were reviewed and summarised. The selection critera for these studies was that

they must have been conducted in the marine environment and attempted to estimate the

affected zone.
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Table 3.2. Summary of potential effects of seismic surveys on fish eggs and larvae.

Species Life stage | Metre from Estimated Observed response Reference
source (m) exposure
level (dBre 1
1 pA)

Fish (various species) Eggs and 1-10 140 Observed sub-lethal to | Patin et al., (1999)

larvae zooplankton, fish eggs and

larvae
Pollock (Pollachus Egg 0.75 242 Immediate mortality Booman et al ,(1996)
virens)
Cod (Gadus morhua) Eggs 1-10 202-220 No sign of injury Dalen et al., (2007)
Cod (Gadus morhua) Fry 1 234 Immediate mortality Booman et  al,
(1996)

Plaice (Pleuronectes Larvae 2 214 No effect Kosheleva (1992)
platessa)
Cod (Gadus morhua) Five-day- 1 250 Delimitation of retina Matishov (1992)

old larvae
Anchovy (Engraulis Two- 3 238 Swim bladder rupture Trunpenny et al.,
mordax) day-old (1994)

larvae
Red Mulet (Mullus Eggs 10 210 No injuries JWL (2007)
Surmuletus)
Fish (various species) Eggs 0.5 236 17% dead in 24 hours Kostyuchenko in

LGL, (2007)

The studies demonstrate that lethal effects are likely to occur in the immediate
proximity (<1 m) of the source, while serious physical injury is likely to be at least ~3m.
However, it is difficult to see where the limits of the effects are and results seem to be
highly variable between studies, species and the development stage. Fry also appear

more vulnerable than eggs.

Potential impact on fisheries

The impact of seismic surveys on fishing catch are summarised from the literature
reviewed in Table 3.3. A total of 11 studies on the impacts of air gun impulses on
fisheries were reviewed and summarised. The selection critera for these studies was that
they must have been conducted in the marine environment, quantify catch reduction and

make attempts to estimate the affected zone.
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Table 3. 3 Summary of conclusions on the potential impacts of seismic surveys on fisheries.

Species and catch reduction Gear type Source Distance Received Reference
levels from level (dB)
(dB@1m) source
(m)
A 53% reduction in rock fish (Sebastes Longline 223 <165m 186-191 Skalski and  Pearson,
spp.) was seen. The duration of the (1992).
impacts was not determined.
Demersal fish — 36% catch reduction. Fish Longline 249 100-300m 200-210 Dalen and Knutsen in
presumably forced to seabed Worcester (2006).
Cod and haddock — reductions in both Longline & 249 <33 Engas et al., (1996).
trawl (69%) and longline (68%) catch of bottom trawl
cod and haddock.
No change in catch rates attributable to Longline 229 <7 150 Bjarti (2002).
seismic operations.
European Sea bass — no significant Trawl and 250 1-23 Pickett et al., (1994).
changes in trawl and gillnet catch. gillnet
Lesser Sandeel (Ammodytes marinus) — no trawl 256 <55 Hassel et al., (2004).
changes in catch rates attributable to
seismic operations.
Cod and Shrimp trawl —Reductions in trawl 239-250 <9 160-171 Lokkeborg et al.,(1993).
shrimp trawl by catch of cod by 79 and 83
%. Increased of cod by catch in saithe
trawl of 300% and return to pre-exposure
catches within 12-24 hrs.
Catch rate reduced by 7% trawl 256 5-20 250 Labella et al., (1996)
Catches of cod reduced by 55-83%. Longline 239 <9.3 161 Lekkeborg et al., (1991)
Various fish (species). — 70% catch Longline & 32.19 250 Alaska Marine
reduction in some cases. bottom trawl Conservation  Council,
(2007)
Haddock (Melanogrammus) — 70-72% Trawl 250 >33 160 Engas et al., (1993)

catch reduction lasting at least 5 days.

Studies demonstrated evidence of airgun impacts on catch reduction at distance within

33 m from the airgun source. No evidence found attributable to airgun impacts on catch

rates at distance 55 m from the airgun source.

Potential impacts on marine mammals

There have been intensive studies on the effects of seismic surveys on marine

mammals. A total of 11 studies on the impacts of air gun impulses on marine mammals

were reviewed and summarised (Table 3.4). The selection critera for these studies was

that they must have been conducted in the marine environment and attempted to

estimate the affected zone.
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Table 3. 4. Summary of conclusions on the potential impacts of seismic surveys on marine mammals.

Species Source Distance Received Conclusion Reference
levels from level (dB)
(dB@1) source (m)

Humpback whales 227 2000 159 Course alteration McCauley et al,
(Megaptera (2000)
novaeangliacea)
Common dolphin 120 >1000 Reduced vocalisation rate Goold (1998)
(Delphinus delphis)
Bowhead whales (Balaena 236 8000 142-157 Behavioural change. Change in | Richardson et al,
mysticetus) blow rates and dive patterns (1995)
Bottlenose dolphin 1 sec 20 1000 178 Behavioural avoidance | Ridgway (1997)
captivity khz response
Gray whales (Halichoerus 2500 173 50 percent avoidance Malme et al., in
grypus) (Gausland, 2003b).
Sperm whales(Physeter 263 dB 112 >300 Cessation of vocalisation in | Bowles (1994b)
catodon) response to some instances of

air gun activity
Gray Whales (Halichoerus <4000 169 Short-term  affects to some | Nelson (2009)
grypus) typical whale behaviour and

their distribution on feeding

grounds
Bowhead whales (Balaena 19,000 250 Began to show avoidance | Alaska Marine
mysticetus) behaviour Conservation

Council (2007)

Humpback whales 10,000 160 Remain close to approach | McCauley et al,
(Megaptera active air gun arrays (1998)
novaeangliacea)
Bowhead whales (Balaena 2000-3000 120-130 Behavioural avoidance | Richardson et al,
mysticetus) response (1999)
Humpback whales 8000- 162!, 1437 Shift in hearing thresholds and | Gordon et  al,
(Megaptera 10,000 auditory damage (2004)
novaeangliacea)'and blue
whales (Balaenoptera
musculus)®.

Studies demonstrated that seismic airguns resulted in reduced vocalization rates,
behavioural avoidance and alternations to migration routes. Short-term impacts recorded
included changes to behaviour and their distribution of feeding grounds. Studies showed
that marine mammals were impacted at distances ranging from 5000 to 10,000m from

the airgun source.

Potential impact on invertebrate species

The effects of seismic survey on invertebrates have been assessed based on the literature
presented in Table 3.5. A total of 10 studies on the impacts of air gun impulses on
marine invertebrates were reviewed and summarised. The selection critera for these
studies was that they must have been conducted in the marine environment and

attempted to estimate the affected zone.
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Table 3.5. Summary of potential impacts of seismic surveys on other species.

Species Distance Estimated Observed responses Reference
from source exposure level
(m) (dBrelppA)

Snow crab (Chionoecetes) 0.5-2 220 No sub-lethal or lethal effects were | Dalen et al., (2007)
observed on snow crabs

Snow crab (Chionoecetes) 51-85 197-225 No physical effects recorded Christian et al., (2003)

Dunganess crab 19 225 No change in larval mortality or | Pearson et al., (1994)

(Metacarcinus magister) growth rates

Scallop (Pecten fumata) 1 234 No increase in mortality over 17 | Parry et al., (2006)
days

Lobster (homarus 23 202-227 No delayed mortality or physical | Payne et al., (2007)

americanus) damage

Iceland scallop 2 217 Shell split in three

(Acequipecten irradians)

Sea urchin Mastilov (1992)

(Stronglyocentotus 2 217 15% of the spines fell off

droebachiensis)

Mussels (Mytilus edulis) 0.5 229 No detectable effects over 30 days Kosheleva (1992)

and Periwinkles (Littorina

spp-)

Brown shrimp (Cragnon 1 190 No evidence of mortality Webb and Kempf in

cragnon) JWL (2007)

Snow crab (Chionoecetes) 2 221 Demonstrated possible signs of | Christian ef al., (2004)
retarded development

Studies indicated that even at 2m or less from the source, seismic airguns usually don’t
result in any significant impacts on invertebrate species. The only effects noted were
tenuous evidence of retarded development in snow crabs (Chionoecetes) (Christian et
al., 2004) and signs of stress (i.e., shedding of spines) on sea urchins (Stronglyocentotus
droebachiensis) (Mastilov, 1992) at 2m from the source. It can be concluded that since
air guns are unlikely to be discharged in the immediate vicinity of benthic invertebrates,

it is highly unlikely that seismic surveys will have a significant impact on this group.

3.3 Oil exploration

3.3.1 Drilling cuttings and muds

Once a particular location has been identified as potentially containing hydrocarbons,
the next step is the implementation of a series of drilling activities. These include
exploratory and appraisal drilling to determine whether the area contains commercial
quantities of natural gas and oil. Drilling activities typically generate substantial
quantities of waste, including drilling mud which is known to cause environmental

damage (Neff et al., 1989).
The principle functions of drilling muds are as follows:

e Lubricating the string and cooling working drill and drill pipe,
e To transport cuttings to the surface,

e To balance subsurface and formation pressures, preventing a blowout,
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e To control and regulate hydrostatics pressures in the rock layers,
e To stabilise and seal the side of the well when abnormally high pressures in the
rock layers are encountered (Neff, 1987).

Drilling muds are used in large quantities by the oil and gas industry to optimise both
onshore and offshore drilling operations (Neff, 2005). The muds are continuously
pumped into the pipe of the bore hole and returned via the outer hole together with the
rock cuttings produced by the drill bit. Where drilling is performed from offshore
platforms, the drill muds are usually treated to enable reuse and eventually disposed of

either on land, re-injection into the seabed or discharged onto the seabed.

Drilling muds are composed of high-density minerals, including barite and various
additives suspended in water. There are three major types of drilling mud: water-based
mud (WBM) where the mud is suspended in water, oil-based mud (OBM) where the
mud is suspended in oil, and synthetic-based (SBM) where the mud is suspended in a
synthetic base compound such as an ester (Burke, 1995). Due to the toxicity associated
with OBM their use has been banned in the oil and gas industry. There are also
regulations on the discharge of SBM (Anon, 2000) and for this reason most offshore
wells are currently drilled with water-based muds (WBM) (Neff, 1987).

3.3.2 Modes of effect on the environment

The discharge of drilling muds and cuttings in the marine environment has raised
concerns regarding the environmental impact (Patin, 1999, Neff er al, 1989) and

consequences of such practices.

Suspended matter (turbidity)

The dispersed solid phase of drilling muds mainly consist of particles of clay mineral,
barite and crushed rock. When drilling wastes are discharged into the marine
environment this solid phase separates out and large heavy particles are rapidly
deposited. However, smaller fractions gradually spread over large distances and
particles of less than 0.01lmm in size can remain suspended in the water column for
weeks or months (GESAMP, 1993). As a result, large zones of increased turbidity are
created around drilling platforms. Similar effects on an even larger scale can occur

during the laying of underwater pipelines, construction of artificial islands and
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dredging, as well as various other activities that accompany offshore oil production

operations.

Smothering effects (burial)

When drilling wastes are discharged onto the seabed during drilling operations the
larger particles and flocculated solids (representing around 90% of the total mass of
mud solids) quickly settle onto the seabed. The remaining 10% of the mass consists of
fine-grained, unflocculated clay-size particles, as well as smaller fragments of
subsurface rock, which may disperse more widely (Jonathan Wills, 2000). Although the
cuttings tend to accumulate in close proximity to the discharge point, they may also
disperse outwards to about 2500m from the point (Neff, 2005). The thickness and shape
of the cuttings pile is dependent on the amount of drill cuttings and rate of discharge, as
well as the depth of water and prevailing oceanographic conditions such as current
speed and direction. Typically the suspended fractions of the drilling muds are diluted
by 100 times within 10m of discharge and 1000 times after a transport time of about 10
minutes, at a distance around 100m from the platform. The discharge can adversely
affect the marine environment by changing the pH of seawater, smothering benthic
organisms, reducing light for plankton growth and releasing toxic chemicals. Benthic
biota immediately below the point of cuttings discharge can be physically smothered
regardless of the toxicity levels of the cuttings. The recovery period is dependent on the
type of community affected, the physical structure and persistence of the cuttings pile
itself, the presence and nature of any toxic components within the pile and the

availability of colonising organisms.

Physical smothering and chronic pollution of the benthos are two adverse effects of
drilling cutting discharges. If the concentration is higher than this level, a variety of
effects becomes visible. Effects can include a reduction in the abundance of sensitive
species, an increase in abundance of some opportunistic species, increased mortality and
overall reduction in macrobenthos abundance, as well as reduced diversity of the entire

macrobenthos community. The adverse effects are described in table 3.6.
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Table 3.6. Adverse effects. (GESAMP, 1993)

Concentration Level of Effects

100 mg/kg dry sediment All types of effects from moderate to severe.

100mg/kg dry sediment At least some moderate to severe effects.

<100 and >10mg/kg dry sediment Some moderate effects may occur

Ca. 10mg/kg dry sediment Sensitive species are absent or present in reduced
densities, but opportunistic species increase in
abundance (subtle effects).

Toxic effects

Oil-based muds (OBM) tend to show the greatest toxicity with low LCs values and are
also persistent in the environment. The work of Ostgaard, (1985) showed that OBM
biodegraded by less than 5% within the same time that SBM biodegraded by 99%
(Bakke et al., 1990). Ideally, synthetic-based mud (SBM) should have LCsg
<10,000ppm, be readily biodegradable and not accumulate in any biota (CEMP (1),
1996). The use of SBM is encouraged in drilling operations and consequently, spent

OBM and SBM are normally returned to shore for disposal.

Although drilling muds contain fewer toxic compounds, this still doesn’t ensure
complete and rapid degradation of the oil associated with these muds. For example,
when less toxic, paraffin-based drilling muds were mixed with bottom sediments, the
level of the oil fraction in the upper 1cm layer of sediments declined by only 50% (from
200mg/kg to 100mg/kg) after 70 days of exposure. In the lower layers of sediments, the
concentration of oil hydrocarbons remained the same and even slightly increased

(Petersen, 1991).

Organic enrichment (anoxia)

Accumulation of drilling wastes on the seabed buries some of the immobile benthic
fauna. Changes in sediment grain size and texture can reduce the suitability of the
sediment for settlement and growth of some species, while at the same time rendering
the substrate more suitable for other species. When the waste contains biodegradable
organic additives it may also stimulate growth of microbial communities in sediments.
Anaerobic, sulphate-reducing bacteria may further degrade the organic matter,
producing hydrogen sulfide. This process, known as organic enrichment, causes

changes in the abundance, species composition and diversity of the benthic community.
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This process results in the depletion of oxygen due to microbial breakdown of organic
matter associated with the discharged drilling muds, which may cause anoxic conditions
within or adjacent to the cutting pile. Anoxic conditions may also arise due to the burial
of organic material by sediment redistribution and may retard the recovery of certain

marine species.
3.3.3 Potential environmental impacts

Environmental impacts of drilling muds

The impact of drilling muds and cuttings on the marine environment during oil
exploration has been assessed by many studies. A total of 11 studies were selected for
review and are summarised in Table 3.7. The selection critera for these studies was that

they must have been conducted in the marine environment and attempted to estimate the

affected zone.

Table 3.7. Summary of conclusions on the impact of drilling muds on marine the environment.

Conclusion Distance of area Type of oil Recovery time Reference
affected (m) (months/yrs)
- Reduction in abundance of a few 1000 WBM/OBM Benthos still affected | Daan and Mulder
very sensitive species. eight years after | (1996)
cessation of drilling.
- Diversity indices at background <5000 WBM/OBM Recovery rates,differ and | UKOOA (2001)
(>5000m) stations show little or no depend on many factors,
change but communities often
remain altered for over
10 years after drilling.
- Changes in structure of benthic >1000 WBM Recovery time differs | Patin (1999)
communities. and depends on many
factors, but often takes
several years.
- Reduction in organisms that are key | 200-5000 OBM/WBM Within six to nine years | Olsgard and Gray
components of  the benthic of the cessation of | (1995)
communities and also food for drilling.
bottom-living fish, and are thus
ecological important.
- Change in the abundance of species >5000 WBM Full recovery usually | Kingston (1992)
(organic enrichment) and diversity in after one year, but may
the vicinity of oil platforms take longer.
(smothering or toxic effect).
- Reductions to benthic abundance <250 SBM One year after cessation | Neff (2005)
and diversity. of drilling.
- Reduced diversity in immediate 200 WBM Full recovery usually | Davies (1992)
vicinity of the installation in most after one year, but may
cases. take longer.
- Decline in abundance of species. 100-200 WBM >11 months after | Currie and Isaacs
cessation of drilling. (2005)
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Conclusion Distance of area Type of oil Recovery time Reference
affected (m) (months/yrs)

- Changes in structure to meiofauna 200 SBM 22 months after | Netto (2010)
communities. cessation of drilling.
- Changes in the diversity and 1000 WBM 12 months after | RAC (2004)
abundance of benthic organisms were cessation of drilling.
detected.
- Reduction in the diversity of species 100-200 WBM One year after cessation | Neff (2010)
and abundance of benthic of drilling.
communities.
- Changes in the abundance of species 50-250 WBM One year after cessation | Pulgati et al., (2009)
in benthic communities. of drilling.

In general, the studies demonstrate that modifications to benthic communities by
drilling muds tends to be localised and restricted to the immediate vicinity of oil
platforms. Although impacts have been detected beyond 5000m from drilling platforms
or production rigs (Kingston, 1992, Olsgard and Gray, 1995, UKOOA, 2001), severe
impacts tend to be restricted to within a 1000m radius of the installation (Daan and
Mulder, 1996, Patin, 1999, RAC, 2004). The impacts on benthic communities are
typically characterised by alterations in structure, reduction in species diversity and
changes in the abundance of species. Studies indicated that recovery time is related to
the type of drilling mud, with lengthy recovery periods of more than eight years
required where OBM has been used (Daan and Mulder, 1996, Olsgard and Gray, 1995).

3.4 Oil production

3.4.1 Produce water and source

Produced water is a complex of waste generated from oil and gas production wells
(Neff, 1987). This water may be derived from fluids within the rock or from fluids and
additives deliberately injected into the well. The water is contained within the extracted
oil and gas. The separation of the produced water from the oil and gas may take place
on the platform or the mixture may be sent through a pipeline to an onshore facility
where it is then separated from the oil and gas. If not re-injected into another well, the
produced water is treated to meet regulatory limits prior to discharge into the ocean

from the platform or an ocean outfall from a shore-based treatment facility.
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3.4.2 Volume of produced water

The volumes of produced waters are enormous. In the UK sector of the North Sea alone,
for example, it is estimated that 234 million tonnes of produced water were discharged
in 1997 (Henderson, 1999). Another estimate (Black 1994b) suggests that between 7500
and 11,500 tonnes of petroleum hydrocarbons enter the environment each year from
produced water discharges globally. The oil content in these discharges varies and is
typically within the range of 23 to 37 mg/l (Law and Kelly, 2004). As oil fields age, the
volume of produced water can exceed by 10 times the volume of petroleum produced

over the economic life of a producing field (Stephenson, 1992, Henderson, 1999).
3.4.3 Composition of produced water

Hydrocarbons are the constituents of produced water that are of most concern in both
offshore and onshore operations. Produced water is usually more saline than seawater
(Cline 1998). Produced water contains organic and inorganic compounds. Due to high
toxicity, those of the greatest concern are poly-aromatic hydrocarbons (PAH), BXT
(Benzene, Xylene and Toulene), phenols, alkyl phenols and carboxylic acids (Neff,
2002). The environmental effects of this are related to the specific chemical
composition of the produced water, which varies greatly between platforms. The most
common heavy metals contained in the water include Arsenic (As), lead (Pb), cadmium
(cd), copper (Cu), chromium (Cr), mercury (Hg), nickel (Ni) and zinc (Zn). These
compounds vary greatly from location to location and even over time from the same
well. The sources of these metals probably include the impurities in barite, chemical
additives utilised in drilling and production operations, as well as in the oil/water

separation process.

Chemicals added during the drilling process are complex mixtures of various molecular
compounds. Such mixtures can include: 1) Corrosion inhibitors and oxygen scavengers
to reduce equipment corrosion, 2) Scale inhibitors to limit mineral-scale deposits, 3)
Emulsion breakers and clarifiers to break water-in-oil emulsions and reverse breakers to
break oil in water emulsions, 4) Coagulants, flocculants and clarifiers to remove solids
and 5) solvents to reduce paraffin deposits (Cline 1998). Produced waters can also mix

with the extracted oil and gas, as well as injection waters water pumped into the
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reservoir to maintain pressure and oil production. Consequently, the composition of

discharged produced water tends to be very complex and variable, as are toxicity levels.

3.4.4 Potential environmental impacts

Produced water may have different impacts on the marine environment depending on
the hydrological conditions in different areas. Although it is normally it is discharged
into the open ocean, it is unlikely to result in any measurable environmental impacts due
to the higher dilution factor. A total of six toxicity test studies were selected for review
and are summarised in Table 3.8. The selection critera for these studies was that they
must relate to the marine environment and attempt to estimate the effects at different

dosages.

Table 3.8. Summary of results of toxicology studies of produced water.

LC/EC50/Effects Concentration, test duration, test Reference
organism

- Reduced ability of zoospores to settle on 1-10% Lewis, Reed (1994)
the bottom.
Chronic tests
Macrophytes

Macrocystis pyrifera.

- 50% mortality 0.1-1.0% GESAMP (1993)
(summarised data)
96 hours

Marine organisms of different groups

- 50% mortality 10-20% Midaugh et al., (1991)
7 days
Menidia beryllina

“(embryos) teratogenic effects”

- 50% mortality 10-30% Patin (1999)

Toxicity effects vary based on most
toxic substances in their
compositions.

- 50% mortality 5-50%. Holdway (2002)

Relatively low acute toxicity to
various marine organisms.

Depends on the mixed aliphatic
aromatic and polar compounds in
produced water.
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Studies demonstrated that acute toxicity is relatively low, with acute LC/EC50’s
(various marine organisms) ranging from roughly 1 to 50% of produced water
(Holdway, 2002, Patin, 1999). The chemical composition of produced waters is
complex and variable so it is unsurprising that the toxicity is also highly variable
(Holdway, 2002). Certain produced waters may have unusually high toxicity,
presumably due to the presence of highly toxic components such as heavy metals and

biocides.

A total of eight field-based studies on the impacts of produced waters discharged from
offshore platforms were selected for review and are summarised in Table 3.9. The
selection critera for these studies was that they must have been conducted in the marine
environment and attempted to estimate the affected zone.

Table 3.9. Summary of conclusions of field studies on produced water and the impacts on
marine environments.

Main conclusions Distance from oil Reference
platform (m)

- Increased susceptibility to disease from suppressed immune 100-1000 Holdway (2002)
function, reduced growth and delayed sexual maturity in

fish.

- Detected concentrations of hydrocarbons and alkylphenols 100-500 OGP (2005)

above levels expected to give rise biological effects.

- Increased oil hydrocarbon concentrations. Presence of other 100-1000 Patin (1999)
toxicants in produced waters justified concerns about the
ecological safety of their discharges, especially in shallow
coastal areas with slow water circulation.

- Monitoring of water column showed that although mussels 1000 OSPAR (2008)
and fish are exposed to hydrocarbons from produced water,
the levels are decreasing.

- Detected warning signs that there is potential effects for 500 King et al., (2005)
biological effects on fish population.

- A 6.26% decrease in symbiotic dinoflagelates from the 500 Jones et al., (2003)
coral Heliofungia actiniformist at.

- Benthic communities affected. 500 Ray et al., (1992)
- Effects on phytoplankton assemblages. 1000 Pinceratto (1992)
- Changes to the abundance of benthic species. 800 Rabalais et al., (1992)

Studies demonstrate that the possible biological effects of produced waters can often
extend up to 500m from the discharge point (King et al., 2005, OGP, 2005), although

this depends on the level of dilution and circulation of the sea water (Holdway, 2002).
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For example, produced waters discharged in shallow water or in water with limited
circulation can spread 500 to 1000m from the discharge point (Holdway, 2002, Patin,
1999). In addition to the variations seen between different areas, hydrological
conditions can also vary over time at a single location. As a result the zone affected may

vary over time, as well as between locations (Holdway, 2002).

3.5 Oil spills

3.5.1 Introduction

Marine oil spills can occur as a result of ruptured pipelines (e.g. Deepwater Horizon in
the Gulf of Mexico), as well as shipping accidents. Such accidents continue to occur
every year, particularly in coastal regions (GESAMP, 1993). Some major examples of
disastrous spills in the past include the Torrey Canyon in the English Channel in 1967,
the Amoco Cadiz off Brittany, France in 1978, the grounding of the Braer off the
Shetland Islands in 1993 and the grounding of the Exxon Valdez in Prince William
Sound, Alaska in 1989. Every such event raises significant challenges in terms of

controlling marine pollution and damage, as well as conducting the impact assessment.
3.5.2 Physical and chemical behaviours of oil spills

When oil enters the marine environment it goes through a variety of physical, chemical
and biological transformations. Spreading, evaporation, emulsification, dissolution,
photo oxidation and sedimentation begin immediately after the introduction of oil into
the sea and are responsible for its movement and distribution, as shown in Figures 3.2

and 3.3. Such processes disperse the oil and accelerate “weathering” (ITOPF, 2004).
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Figure 3.2. Diagram of oil spilled at sea showing the main weathering process. Modified from (ITOPF,
2004).

As soon as oil is spilled it immediately begins to spread over the sea surface. The speed
of spreading depends on the volume spilled and the viscosity of the oil. Low viscosity
oils spread much faster than those with high viscosity. The rate the oil spreads and
fragmentation of the slick is also affected by waves, turbulence, tidal streams and
currents (ITOPF, 2005).

During the initial stages of a spill evaporation is the dominant process affecting the slick
and may be responsible for the loss of 40 to 50% of the slick volume within the first few
days, depending on factors such as wind speed and temperature. The more volatile
components of oil will be the first to evaporate into the atmosphere (ITOPF, 2005).
Spills of refined products such as kerosene and gasoline may evaporate completely
within a few hours, while light crudes such as Cossack can lose more than 50% of their
volume during the first day (ITOPF, 2004).

Rates of physical dispersal of oil slicks largely depend on the the nature of the oil, as
well as factors like turbulence and waves. The process of dispersal can often result in
the natural removal of oil from the sea-water surface (ITOPF, 2004). Waves on the
surface disperse the oil into droplets of varying sizes. Smaller droplets may become
suspended in the water column, while larger droplets tend to remain on the sea surface

forming oil slicks (ITOPF, 2005).
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Figure 3.3. Time periods for the different stages of oil spills. Adapted from: (ITOPF, 2004).

Oil on the water surface may incorporate droplets to form ‘water-in-oil’ emulsions. Oil
emulsions may contain 20 to 80% water and are frequently referred to as “mousse”.
Emulsification can increase the volume of a slick by up to five times (ITOPF, 2004).
The formation of emulsion depends on both oil composition and sea conditions (ITOPF,
2005). Emulsions form most readily for oils which have a combined Nickel/Vanadium
concentration. Viscous oils like heavy fuel oils tend to take up water more slowly than
lighter more fluid oils and therefore emulsify less readily (ITOPF, 2005). Emulsification
1s more prevalent in rough sea conditions (e.g. wind speeds of >7 to 10 knots) (ITOPF,
2004). Some emulsions are stable and may contain as much as 70 to 80% water, these
are often semi-solid and have a distinct red/brown, orange or yellow colour (Figure 3.3).
Less stable emulsions may separate into oil and water if heated by sunlight under calm

conditions or when stranded on shorelines (ITOPF, 2005).

During an oil spill water soluble compounds in the oil can dissolve into the surrounding
water (ITOPF, 2010). Dissolution rates depend on the composition and state of the oil,
occurring most quickly when the oil is finely dispersed in the water column. The
components which are most soluble in sea water are the light aromatic hydrocarbon
compounds like benzene and toluene (ITOPF, 2005). However, such compounds are
also among the first to be lost through evaporation, which occurs 10 to 100 times faster

than dissolution (ITOPF, 2004).

Photo-oxidation occurs where sunlight promotes the reaction of oil, with oxygen

forming either soluble products or persistent compounds known as tars (ITOPF, 2010).
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The extent of photo-oxidation depends on the type of oil and the form in which it is
exposed to sunlight. However, the process is very slow and even in strong sunlight thin
films of oil break down at no more than 0.1% per day (ITOPF, 2005). The formation of
tars is caused by the oxidation of thick layers of high viscosity oils or emulsions. Tar
balls are a typical example of this process and are often found on shorelines. They have

a solid outer crust surrounding a softer, less weathered interior, (ITOPF, 2010).

Sedimentation/sinking of oil droplets into the water column will occur if the droplet
contains heavy refined products resulting in a higher density than water. This may occur
in fresh or brackish water (density 1). Sea water has a density of approximately 1025
and very few crudes are dense enough or weather sufficiently to sink in the marine

environment (ITOPF, 2010).

Sedimentation is most likely to occur due to the adhesion of particles of sediment or
dense organic matter to the oil droplets (ITOPF, 2005). Shallow waters often contain a
high proportion of suspended solids, providing favourable conditions for sedimentation.
Similarly, oil stranded on sedimentary shorelines often becomes mixed with sediment
particles. If this mixture is subsequently washed off into the sea it may then sink to the
seabed. Sedimentation may also be enhanced if oil slicks catch fire. In this case,

combustion may form residues sufficiently dense to sink.

The nature and severity of the possible consequences of oil spills are influenced by the
degradation rate of the oil and its movement on the sea surface. Oil spills may stay in
the open sea or move into coastal waters and contact the shoreline. If the oil remains in
the open sea it is normally dispersed, emulsified and ultimately degraded by the

processes outlined above.

Table 3.10. Types of shorelines given in ascending order of their ecological vulnerability to oil spills.
Adapted from: (GESAMP, 1993).

Index of Type of shoreline Notes
vulnerability
1 Open, rocky shoreline Wave action limits the impacts. No need to manually
clean the coast.
2 Flat, rocky shoreline Oil is removed in several weeks due to wave action and
other natural processes.
3 Fine sandy beaches Oil doesn’t usually penetrate deep into sand and can be

removed by mechanical means. Oil pollution remains
for several months.

4 Coarse sand beaches Oil is quickly accumulated in sediments and this
complicates the cleaning process. With favourable
weather conditions, oil pollution disappears in several
months.
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Index of Type of shoreline Notes
vulnerability

5 Open shallow tidal areas and packed | The main part of oil is removed by wave action and

sand bars other natural factors, so there is usually no need to
manually clean the shore.

6 Sand, pebble and gravel beaches Oil rapidly penetrates into deep layers and pollution can
persist for years.

7 Gravel beaches Oil rapidly penetrates into gravel and pollution can
persist for years. In some cases oil forms an asphalt
crust.

8 Sheltered rocky shores and bays Oil can stay for years due to weak wave action.
Cleaning is not recommended except in cases of heavy
pollution.

These processes can decrease oil concentrations and bioavailability relatively rapidly
and biological effects will be limited to local, quickly reversible disturbances in the
water column and on the sea surface. However, where oil contacts the shoreline the
consequences are more diverse, severe, and persistent (Patin, 1999). A summary of the
likely persistence of oil contamination on different shorelines is presented in Table 10.
Oil persistence will depend on the energy levels of the shore and is more likely to be
dispersed on wave-exposed shores and penetration into the substrate. If the oil is

adsorbed or mixed with sediments is is far more likely to persist.
3.5.3 Biological behaviour of oil spills

In addition to the physical mechanisms and chemical processes — as described in sub-
section 5.2 — biological processes also act on specific fractions of the oil. Such
biological processes include the degradation of hydrocarbons by micro-organisms, as
well as uptake by larger organisms followed by subsequent metabolism, storage and
discharge. Micro-organisms such as bacteria, yeast and fungi are essential components
in the degradation of oil in surface films, slicks, the water column and sediments (NRC,
1985). Other organisms also potentially contribute to the overall degradation.
Zooplankton,for example, is known to aid in sedimentation of oil droplets that are
integrated in their faeces (Payne er al., 2008), with benthic invertebrates such as
polychaetes also playing a significant role in the degradation of sediment-bound oil
(Gordon et al., 1978). Fish, marine mammals and birds can become contaminated
through the uptake of oil in the water column, from oiled food and, in the case of marine

mammals and seabirds, from the preening of oiled fur or plumage (ITOPF, 2010). It is
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through these processes they could be said to be contributing to the overall degradation

of hydrocarbons in the marine environment (NRC, 1985).

Clean-up responses to oil spills often encounter considerable difficulties due to the
tendency of the oil to spread and fragment rapidly, particularly if the event takes place
in rough sea conditions (ITOPF, 2005). Assessing the likely movement and dispersal
rates of slicks can determine whether any response beyond monitoring of the events is
necessary. Where active responses to spills are implemented the natural dispersal
processes should be monitored to assess the suitability of selected clean-up techniques
as the response progresses and conditions change. For example, the use of dispersants at
sea becomes less efficient as the oil spreads and viscosity increases. Many dispersants
become significantly less effective as the viscosity approaches 10.000 ¢ST and most
cease to work at all when the viscosity rises much above this value (ITOPF, 2005). Oil
viscosity can increase very quickly which means the time available for using dispersants
can be very short, therefore dispersant application should be regularly monitored and
spraying operations terminated if they prove ineffective (ITOPF, 2010). Similarly, the
techniques used for mechanical removal such as skimmers and pumps may also need to

be changed as the oil weathers, its viscosity rises and emulsions form (ITOPF, 2004).
3.5.4 Potential environmental impacts

Potential impacts on Benthic habitats

Intertidal impacts of oil spills vary depending on environmental characteristics. A total
of six review papers and gray literature studies on intertidal impacts are summarised in
Table 3.11. The selection critera for these studies was that they must have been

conducted in the marine environment and attempted to estimate recovery time.

Table 3.11. Summary of studies on the effects of oil spills on intertidal zones.

Shore type Type of oil Recovery time Reference
(months/years)
Exposed rocky headlands and Light Arabian, 1 year Gundlach (1992)
wave-cut platform Iranian crude oil,
Bunker C fuel oil,

Coarse-grained sandy and North Sea crude oil 4 to 7 years
gravel beaches and N.6 fuel oil.
Sheltered environments: rocky
coastlines and salt marshes 8 to 10 years
Exposed rocky shore North Sea crude oil <2 years Baker et al., (1990)
Sheltered sediments and Bunker C fuel >10 years
Sand and gravel oil. >6 to 7 years
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Shore type Type of oil Recovery time Reference
(months/years)
Exposed rocky shore Bunker C fuel oil 1 to 2 years after spill Kim Moonkoo (2012)
and Light Arabian
Rocky shore Bunker C fuel oil >5 months Stevens (2010)
Exposed tidal flats Light Arabian, 3 years Nansingh (1999)
Exposed rocky shores Bunker C fuel oil 4 years
Exposed medium to coarse- and N.6 fuel oil 2 years
grained sandy beaches
Wave cut platforms 1 year
Mixed sand and gravel beaches 6 years
Sheltered rocky shores 8 years
Rocky shores and sandy Bunker C fuel oil 1 year Shriada (1998)
beaches. and N.6 fuel oil.

Intertidal recovery periods range from 1 to 10 years (Baker et al., 1990, Gundlach,
1992). The timescale is influenced by shoreline characteristics, in particular energy
levels and substrate grain size. Other factors include oil composition and biological
characteristics of the shore (Baker et al.,, 1990). Exposed rocky environments typically
show the most rapid recovery rates, with communities returning to normal within two
years (Baker et al., 1990, Kim, 2012, Nansingh, 1999). Sedimentary shores such as
mixed sandy and gravel beaches tend to retain oil to a much greater extent and recovery
periods may range from four to seven years (Baker et al., 1990, Gundlach, 1992,
Nansingh, 1999). This is most pronounced for sheltered sediments where recovery can

take 8 to 10 years (Baker et al., 1990, Gundlach, 1992).

Potential impacts on coral reefs

Oil can come into contact with corals in numerous ways. Because oil is less dense than
water it will usually float above the reefs. However, some reef areas are regularly
exposed to the air during low tides and are therefore more vulnerable to direct contact
with floating oil. Contact with oil may also occur due to dispersal of the oil by waves
breaking on the reefs creating oil droplets in the water column that may contact the
corals. A total of eight review studies on the impact of oil spills on corals were reviewed
and are summarised in Table 3.12. The selection critera for these studies was that they
must have been conducted in the marine environment and attempted to estimate

recovery time.
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Table 3.12. Summary of studies on the effects of oil spills on coral reefs.

Observed effects Recovery time Reference
(months/years)

Reductions in coral growth and species diversity 9 years Nansingh (1999)
Declines in coral cover and reproductive potential >8 years Gundlach (1992)
Changes in the structure of coral communities 8-9 years Baker et al., (1990)
The community structure of the coral was drastically 10-12 years Loya (1980)
altered and did not return to its pre-pollution structure
within the study period.
Corals were negatively impacted leading to decreases in >10 years Haapkayla ef al., (2007)
coral cover, growth, reproductive output and species
diversity.

Studies demonstrated that oil spills can have impacts on coral reefs. These include
changes in community structure and a reduction in diversity, coral abundance (Baker et
al., 1990, Haapkyla, 2007, Gundlach, 1992, Loya, 1980) and coral growth (Haapkyla,
2007, Nansingh, 1999). The recovery time for coral reefs was estimated to range from 8

to 12 years.

Potential impacts on mammals and turtles

Marine mammals and sea turtles can obviously be impacted by an oil spill if they come
in direct contact with oil when breathing at the surface (JWL, 2007). However, many
marine mammals have been observed avoiding or attempting to avoid oil spill areas
(Suderman and Thistle, 2004). Relatively few studies have assessed the impact of oil

spills on marine turtles (JWL, 2007).

A total of six review papers and gray literature studies on the impacts of oil spills on
mammals and turtles are summarised in Table 3.13. The selection critera for these
studies was that they must have been conducted in the marine environment, documented

the nature of effects and attempted to estimate the affected zone.

Table 3.13. Summary of studies on the effects of oil spills on marine mammals and turtles.

Observed effects Species Reference

Decrease in whale populations following Baleen whale

The occurrence of oil spills.

Matkin (2008)

Sub-lethal effects possible through oiling of mucous Baleen whale
membranes or eyes, although this does not usually cause

permanent damage.

Geraci (1990)

Sub-lethal and lethal effects occurred as a result of the | Toothed whales and Dahlheim (1993)
inhalation of volatile gases, ingestion of oil or consumption dolphins

of contaminated prey.

Cetaceans that feed either at the surface or at the bottom are Various cetaceans Bowles (1994b)

more likely to come into contact with oil than those that
feed in the water column. Dolphins that habitually force
schools of prey to the surface may also be at risk.

(dolphins, minke
whales, grey whales
and bowhead whales)
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Observed effects Species Reference
Hatchlings are vulnerable and at risk of ingesting tar. Loggerheads Lutcavage et al., (1995)
Marine turtles show no avoidance behaviour when they
encounter an oil slick and the recovery period is usually
more than 21 days.
Direct contact with oil spills can potentially lead to sub- Green turtles, NOAA (2010)

hawksbill sea turtle,
loggerhead sea turtle
and Kemp’s ridley sea
turtle

lethal effects. Risks include ingesting toxins through
contaminated prey and a reduction in food supply such as
seagrass and invertebrates.

Studies demonstrate oil spills can impact on marine mammals and sea turtles, leading to
reduced populations (Matkin, 2008) as a result of physical damage through direct
contact with oil (Bowles, 1994a, Dahlheim, 1993, Geraci, 1990) or by ingesting
contaminated food (Bowles, 1994a, Dahlheim, 1993). Oil spills may impact on sea
turtles by direct contact because they show no avoidance behaviour (Lutcavage et al.,
1995). They may also be impacted by ingesting contaminated food such as seagrass,

certain crustaceans and invertebrates (NOAA, 2010).

Potential impacts on seabirds

The effect of oil spills on seabirds is well known. A total of five review papers and gray
literature studies on the impacts of oil spills on seabirds are summarised in Table 3.14.
The selection critera for these studies was that they must have been conducted in the

marine environment, documented the nature of effects and attempt to estimate the

affected zone.

Table 3.14. Summary of studies on the effects of oil spills on seabirds.

Observed effects

Recovery time

Reference

- The immediate effects of oil spills are physical. When
the plumage of birdscomes into contact with oil, this
causes a reduction in buoyancy and thermal insulation.

Long-term and sub-lethal toxic
effects of crude oils on seabirds
appear to be very unlikely.

Hartung (1995)

- Consistent declines were detected in various localities
within the Prince William Sound, Alaska.

2.5 to 3 years. Sub-lethal or
long-term effects detected 14
years after oil spills.

Wells et al., (1992)

- Effects included immediate mortality of seabirds in
the area of spills.

Recovery is 2 to 2.5 years, but
persistence of the long-term
effects remains uncertain due to
a lack of understanding about
the dynamics of seabird
populations.

Mosbech (2000)

- Oil persisted for over decade in surprising quantities
and in toxic forms. It was sufficiently bioavailable to
induce chronic biological exposure and had long-term
impacts on the population.

Effects detected 2.5 years after
spills. Long-term effects up to
10 years were still detected,
with ongoing suffering as a
result of oil spills.

Peterson et al.,
(2003)

- Caused direct mortality and reduced reproductive
performance of eagles with nesting habitats severely
damaged or lost, with food resources effected and
continuous mortality reported.

There was no clear,
demonstrable impact on eagle
abundance or reproduction,
although in some cases effects
could still be detected 2 years
after the spill occurring.

White et al., (1995)
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In most cases, impacts appear to be transitory, with recovery time usually within three
years. While longer-term impacts remain uncertain, studies on the Exxon Valdez spill
recorded that effects remained detectable even after 14 years (Wells et al, 1992).
Similar findings reviewed (Peterson, 2003) also showed that oil spills can continue to
have an impact even after 10 years. The immediate effects include physical damage

(Hartung, 1995), direct mortality and reduced reproductive performance (White, 1995).

Potential impacts on fish

Oil spills cane impact fish and fisheries in possible several ways. Fish gills may be
contaminated by direct contact with oil, while toxic components contained in oil in the
water column may be absorbed by fish eggs or larvae. Juvenile and adult fish may be
also impacted through the consumption of contaminated food. A total of four papers
and gray literature studies on the impacts of oil spills on fish are reviewed and
summarised in Table 3.15. The selection critera for these studies was that they must
have been conducted in the marine environment, documented the nature of effects and

attempted to estimate the affected zone.

Table 3.15. Summary of studies on effects of oil spills on fish.

Observed effects Reference

- No specific oil-related effects were detected on wild pink salmon populations. Maki et al., (1995)

- Minor effects were observed, but did not translate into decreases in the herring | Pearson Walter (1995b)
population.

- Observations indicated that schools of bonito, anchovy and jack mackerel were within Squire (1992)
range ofnormal geographical areas and their behaviour appeared normal. No evidence of
short-term debility from spills.

- There were no substantial effects on the critical early life stages of pink salmon in spill | Brannon (1995)
areas.

The evidence suggests that the impacts of oil spills on fish population levels is limited
(Brannon, 1995, Maki, 1995, Pearson, 1995a) and studies on the behavioural effects on
schools of bonito, anchovy and jack mackerel did not indicate any abnormalities

(Squire, 1992).

Potential impacts on mangroves

Mangroves can be impacted by oil spills in several ways. Heavy or viscous oil can

block the pores and deprivetrees of oxygen. Mangroves may also be affected by the

67



toxicity of substances in the oil such as lower molecular weight aromatic compounds.
A total of seven review papers and gray literature studies on the impacts of oil spills on
fish are summarised in Table 3.16. The selection critera for these studies was that they

must have been conducted in the marine environment, documented the nature of effects

and attempted to estimate recovery time.

Table 3.16. Summary of studies on the impacts of oil spills on mangroves and recovery timeframe.

Observed effects

Oil type and recovery period

Reference

Newly recruited trees recorded a 100% mortality rate and
oil was retained in sediments.

Bunker Fuel, recovery occurs
6 years after spill.

Lamparelli et al.,
(1998)

Canopy reduction in oil spill areas showed 6-20%
defoliation.

Bunker Fuel, recovery 4 years
after spill event.

Wardrop et al.,
(1996)

Mangrove trees die-off and deforestation occurred in a spill
area of approximately 43 hectares.

Recovery 23 years for the
fringe and more than 23 years
for sheltered sites.

(Duke, 1999a)

Significant alterations to supralittoral and intertidal zones
during the spill event. The use of dispersant inshore could
potentially lead to decade-long impacts to mangroves and
near-shore coral.

Recovery process takes 6-25
years.

Getter et al.,
(1995)

Results indicated that the oil would weather to non-toxic
concentrations in 4 years.

Bunker Fuel, recovery occurs
after 4 years.

Burns and Codi
(1998)

Mangrove trees die-off and lead to a loss of mangrove
populations due to oil toxicity and highly volatile fraction.

Bunker Fuel, complete
recovery process about 36
years after spill event.

Duke (1999b)

Exposed fringing forests recovered in terms ofstructure in
stem densities, heights and biomass, but sheltered sites did

Recovery after 23 years of
spill event.

Pizon and Duke
(1997)

not fully recover.

Most studies indicated that mangroves are highly sensitive to oil spills. The yypical
recovery period for mangroves following a spill is in the order of four years, although it
can also take up to 36 years (Burns, 1998, Duke, 1999b, Wardrup, 1996). The
timeframe for recovery generally depends on the specific site within the mangrove

ecosystem.

3.6 Decommissioning

3.6.1 Decommissioning and potential options

The typical life span of a platform isinthe order of 20 years, although it is not
uncommon for platforms to be in operation for 30 to 40 years. At the end of this period
the decommissioning and removal of the platform has to be addressed (Kaiser, 2006).
Long-established platforms act as a substrate and habitat for a wide variety of marine
organisms, including fish, corals and other invertebrates (Sayer and Baine, 2002). Very

little is known about the composition or ecology of these communities.

Decommissioning of oil and gas production facilities in broad terms involves both

offshore and onshore structures, and has a wide range of possible consequences. These
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can include ecological, economic, cultural, political, social and aesthetic aspects
(Schroeder, 2001). The scope of this study will be largely limited to the marine
environment. Five potential decommissioning options for oil platforms are outlined in

the subsequent sections below, with potential ecological consequences also assessed.

Leaving the platform structure in place

In this option, the whole subsurface structure is left intact. Since this does not involve
moving or altering the structure there would be no additional ecological impacts at the
time of decommissioning. However, any ongoing impacts (positive or negative) due to
the presence of the structure would continue to occur. While corrosion rates vary in
seawater, depending on water temperature, fouling and other factors, it is estimated that
the lifespan of a catalytically unprotected platform will range from a minimum of 100

years and up to more than 300 years (Quigel, 1989, Voskanian, 1997).

Complete removal

This option involves the removal of the entire structure by severing structures below the
seabed and removing all structure and debris. This particular procedure has been
performed for many steel platforms, including those in the Gulf of Mexico. (Schroeder,
2001). In the short term there may be numerous local impacts due to the removal of the
platform structure from the ocean. The removal procedure itself could result in
significant effects. For example, if explosives are utilised this may result in mortality of
fish and other biota in the vicinity. Further disturbances might also be caused by the
anchors of support vessels or barges with anchor scars altering the substrate and benthic
habitat. All sessile organisms on the removed structure are likely to be killed and mobile
species such as fish and invertebrates will only survive if they are successfully relocated
to suitable habitats elsewhere. Recovery from the disturbances caused by the removal
process may be slow and the community that develops following removal is likely to

differ from that which existed when the platform was in place.

The removal of the top portion of platforms to 20 to 30 metres subsurface, with
remaining lower platforms left standing in place

This option involves removal of the upper 20 or 30 metres of the platform to reduce
navigational hazards (Schroeder, 2001). The removed portion may be deposited on the
seabed or removed to the land. The rest of the platform is left intact on the seabed.

Disturbances will occur if explosives are used in the process, as outlined in section
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6.1.2. Similarly, there will be impacts on the sessile organisms attached to the top level
of the platform that is being removed. If the removed part of the platform is deposited
into deeper water then the attached organisms would most likely not survive. This is
because the light and nutrients required by most organisms living on the top section are
likely to be limited in deeper water. There may also be related impacts on the biota
located on the lower section of the structure. For example, the downwards vertical
transport of organic matter (especially from mussels) from the highly productive top
level of the platform would stop when this portion is removed. The organic materials
that provided a food supply to many species lower on the structure and on the seabed
would therefore be greatly reduced. Removal of the upper structure is also likely to
produce hydrodynamic changes, altering current eddies with the potential to entrain
larvae, particulate matter and zooplankton. This has consequences for the communities
remaining on the lower part of the structure. This alternative would therefore produce
fewer disturbances than total removal of the structure, but would be less likely to to

return the environment to a ‘natural’ state.

Structure toppled over in the same location

This option involves depositing the intact or partially cut up platform on the seabed at
the existing location. The impacts of this option appear to be similar to some of those
described for total or partial removal (options 2 and 3 described earlier). Impacts may
include disturbances to benthic habitats due to the deposition of the structure, as well as
the loss of hard substrate and associated biota high up in the water column. Similarly,
changes may occur in the community associated with the structure due to deposition in
deeper water. This will impact biota located underneath the platform due to the
cessation of organic input from the near surface, which may also result in hydrodynamic

changes.

Structure removed to a new location and toppled.

This option involves moving the platform to a new location and depositing it on the

seabed. Some of the impacts of this option have already been discussed previously.

When a platform is decommissioned and removed, there is a waste-management
problem concerning the way in which the structure is treated (Schroeder, 2001). Options
for disposing of offshore platforms include the following: 1) Deep-sea disposal where

the structure is removed and then transported to a deep ocean site and scuttled on to the
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seafloor, 2) Shallow disposal where the structure is dismantled and deposited on the
seafloor near the original site of operation, 3) Recovery, which involves dismantling
transportingthe structural components and transporting these to shore for salvage. Some
components may also be disposed of in landfill, and 4) Artificial reef provision, in
which a toppled platform is utilised to create artificial reefs. Alternatively, the platform
may be towed from its original site to a more appropriate location. For example, rigs to
reefs initiatives can now be found in places like the Gulf of Mexico, Japan and Brunei

(Kaiser, 2006).

Following the completion of the decommissioning process the composition of local
species will shift towards a soft-sediment community if the corse shelly material is
removed. However, if the shell mound is left in place the trend will be community
similar to ones inhabiting areas with low-relief cobble if the shell mound left in place).
For soft-sediment communities, recovery will depend on factors such as natural and
man-made disturbance rates (e.g. severe storms or trawling), the migration rates of
species at both larval and benthic stages and the degree of sediment contamination.
Recovery is defined at the point at which the community of organisms at the site of
impact is indistinguishable from communities in similar substrates that are distant from
the impact site. Some studies have documented that soft-sediment communities at

platforms may require 10 years or more to recover (Schroeder, 2001).
3.6.2 Cost and benefits of decommissioning

Costs

Decommissioning is a costly operation and the relative costs of each option are an
important factor in the decision-making process. While the development of
decommissioning policies for oil platforms is ongoing, there have been a few attempts
to quantify the costs of each alternative. Table 3.17 provides reliable information on
cost estimates for two alternative options (partial or complete removal) at different
water depths. This does not include detailed costing analysis, but rather focuses on the

relative costs of both options.
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Table 3.17. Summary of the costs of offshore platforms and decommissioning options. Adapted from

different sources.

Reference Costs/days Water depth (m) Options
Fernandez et al., (2001) $5,879,400 /15d 48 Complete removal
Mcginnis et al., (2001) $8,500,000/ 17d 54 Partial removal
Griffin, (1996) $3,960,000 / 20d 60 Complete removal
Byrd, (2008) $5,621,000 /28d 121 Partial removal
MMS, (1999) $15,26,.000 / 37d 122 Complete removal
Gebauer ef al., (2004) $21,450,000 / 52d 313 Complete removal
Culwell, (1998) $48,675,000 / 118d 366 Complete removal
Fields, (1998) $5,621,000 /28d 122 Partial removal
Green et al., (1996) $8,632,00/43d 266 Partial removal
Richards, (1998) $6,432,000/23d 152 Partial removal
Lakhal et al., (2009) $69,000,000/128d 316 Complete removal

It is clear that the costs of individual decommissioning options will vary depending on
water depth and the characteristics of the particular structure. However, in general
complete removal is generally more expensive than partial removal. In most cases,
decommissioning costs are also likely to be higher in deeper water (Culwell, 1998,

Gebauer, 2004, Griffin, 1996, Lakhal et al., 2009).

Benefits

Commercial fishing value: The use of rig structures as artificial reefs may be
beneficial through the enhancement of commercial fishing yields (McGinnis, 2001).
This can be attributed to the substantial build-up of sea life on the underwater structures.

Species harvested around rig structures include rock fish, mussels, oysters and scallops.

Recreational value: Compared with commercial fishing value, recreational values are
associated with access to platforms for fishing and diving. Such recreational activities
are already in operation on oil rigs in California and the Gulf of Mexico, and have

yielded benefits of more than $10,000 annually (McGinnis, 2001, MMS, 1999).

Habitat conservation value: Rig structures can enhance biodiversity by creating
habitat complexity and enhancing protection of benthic habitats from demersal trawling.
From a conservation point of view it could be argued that leaving oil platforms partially

or completely standing brings considerable local benefits.
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In summary, the disturbances generated by complete removal of structures will be
greater than for partial removal. While leaving all or part of the structure in place may
bring considerable benefits, it will also greatly prolong the time it takes for the

environment to return to its pre-development condition.

Conclusions

Seismic survey: the review demonstrates that the effects of seismic airguns on marine

organisms appears to be transitory and localised.

- Marine mammals are potentially susceptible to impacts occurring at close range,

generally 1 to 4km from the airgun source.

- Other species that may be affected by the operation of seismic airguns include sea

turtles within a 2km range.
- Effects on fish eggs and larvae may occur in the immediate vicinity (5m) of airguns.
- The effects on adult fish and fish catch appear to be negligible.

- Drilling mud: Drilling muds and cuttings are major contributors to changes in benthic
community structure. The most severe impacts of drilling mud and cuttings may occur
up to 2000m from the oil platform. Recovery time for the benthos of the cuttings piles is

undetermined but may take decades.

- The impacts of produced water are difficult to establish as dilution ensures these are
diffused. Detectable effects are likely to be limited to within 500m of the discharge

point.

- The most severe impacts from oil spills are likely to occur in low-energy, intertidal
environments such as mangrove forests, although all intertidal environments and some

shallow-water subtidal environments, including coral reefs, are also vulnerable.

- The impacts of oil spills in the open sea are difficult to detect and persistence of the oil
is limited by natural dispersal and breakdown processes. Certain fauna like seabirds and

marine mammals may be impacted in certain circumstances.

- Decommissioning: Complete or partial removal options are likely to cause

disturbances and pollution. However, the removal of structures will accelerate the return
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of the natural environment to a pre-development state. Although leaving structures in
situ will create less environmental damage through disturbance and likely result in
enhanced diversity, the return of the environment to a pre-development state will be

greatly prolonged.

3.7 An assessment of the natural environment and the potential
impacts of the oil industry in the Timor Sea area.

This sub-section will summarise and discuss novel conclusions based on the previous
review (Chapter 2 on the natural environment of the Timor Sea and Chapter 3 on the
potential threats posed by the oil industry). This section will also assess the possible
threats to the biological features of the Timor Sea, with the aim of contributing to
improvements in offshore environmental regulatory frameworks and transboundary

management in the Timor Sea and the South Coast of East Timor.

The content of this sub-section relates to the chapter on natural environment and is

structured as follows:

e Discussion on the natural environment of the Timor Sea, covering diversity
trends, relative conservation importance of habitats, conservation value,

vulnerability, sensitivity and resilience of habitats.

e Discussion on the potential impacts of the oil industry on the Timor Sea region,
including effects of seismic surveys, drilling mud, produced water and

decommissioning processes.
¢ Discussion on the potential impacts of oil spills in the Timor Sea region.

e Discussion of existing pressures on the marine environment in the Timor Sea

region.

e Conclusions are provided and contributed for the future development of the

Timor Sea.
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3.7.1 Potential natural environment in the Timor Sea

Apparent diversity trends

The literature, as referred to in Chapter 2, seems to indicate an impoverished biota for
the marine environment, including mangroves, seagrass, marine mammals, seabirds and
fish, all of which are in lower numbers in East Timor compared to the neighbouring
regions of PNG and Seram Island in eastern Indonesia. It could be argued that increased
turbidity and freshwater influence as a result of large rivers entering the sea has reduced
marine diversity along the South Coast of East Timor. However, it is also possible that

this trend is artificial and may be explained due to the following reasons:

- Limited area of shallow continental shelf off the coast of East Timor, therefore

fewer habitats and fewer species,

- Fewer studies have been conducted in the East Timor jurisdiction and therefore

fewer species have been recorded,

- Records for East Timor are only available post-independence from Indonesia

and are therefore limited.

Relative conservation importance of habitats

The relative conservation importance of habitats may be influenced by rarity,
biodiversity and existing human pressures. The level of information on the South Coast
of East Timor/JPDA) is insufficient for reliable assessment of relative conservation

importance.

Table 3.18. Relative conservation importance of habitats in the Timor Sea, JPDA and South Coast.

Habitat type Rarity value Biodiversity value Existing pressures

Intertidal sediment

Exposed coarse | The broadly defined habitat is | Unknown, but probably | Shellfish harvesting for
sandy beaches thought to be very common, but | relatively low due to | local consumption.
there is little information | environmental stress | Probably negligible in
available on sub-habitats or | caused by  high-wave | scale.

component species. exposure. Freshwater input
from rivers may also
contribute stress at some
locations.
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Habitat type

Rarity value

Biodiversity value

Existing pressures

Sheltered fine | The broadly defined habitat | Unknown, but probably | Shellfish harvesting for
sandy beaches and | probably occurs at many | relatively low due to | local consumption.
mudflats locations, but there is no | environmental stress | Probably negligible in
information available on sub- | associated with freshwater | scale.
habitats or component species. input from rivers at many
locations.
Mangrove forests The habitat type appears to be | Unknown, possibly | Used for construction
rare in the region and since most | moderately high. Likely to | materials, firewood and

component species will be | be highly productive and | livestock feed.
mangrove specialists, it is | composed of specialist
therefore reasonable to assume | species.
that they too will be regionally
rare.
Intertidal rock
Exposed intertidal | The broadly defined habitat | Unknown, but probably | Shellfish harvesting for
rock probably  occurs at many | relatively low due to | local consumption.
locations, but there is no | environmental stress | Probably negligible in
information available on sub- | caused by  high-wave | scale.
habitats or component species. exposure and desiccation
from tropical sun when
habitat immersed.
Sheltered intertidal | The broadly defined habitat | Unknown, but probably | Shellfish harvesting for
rock probably  occurs at some | relatively low due to | local consumption.
locations, but there is no | environmental stress | Probably negligible in
information available on sub- | caused by desiccation from | scale.
habitats or component species. tropical sun when habitat
is immersed.
Subtidal sediment
Shallow The broadly defined habitat is | Likely to be highly | Unknown
continental shelf | thought to be very common, but | variable, ranging from low
sediments there is no information available on | diversity coarse mobile
sub-habitats or component species. sediments in wave-
exposed shallow areas to
high-diversity, mixed
stable sediments in low-
energy or moderately tide
swept environments.
Deep continental | The broadly defined habitat is | Likely to be very diverse, | Unknown

slope and trough

thought to be very common, but

but with low biomass.

sediments there is no information available on
sub-habitats or component species.
Seagrass The habitat type is likely rare in the | Unknown, but possibly | Harvesting of seagrass for

region and since most component
species will be seagrass specialists,
it is thus reasonable to assume that
they too will be regionally rare.

relatively high. Likely to
be highly productive and
composed of specialist
species.

local and regional market
consumption.
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Habitat type

Rarity value

Biodiversity value

Existing pressures

Subtidal rock

Shallow continental
shelf rock

The broadly defined habitat
probably  occurs at  many
locations, but there is no

information available on sub-
habitats or component species.

Probably relatively high, but
variable depending on the
environment. There was higher
than anticipated diversity on
stable rock at high energy sites.

Unknown

Deep  continental
slope and trough

rock

The broadly defined habitat
probably occurs at a few locations
but there is no information
available on sub-habitats or
component species.

Unknown, but probably relatively
low compared to shallow rock.
The composition of species is
likely to be highly unusual due to
the rarity of rock habitats in
deeper water.

None known

HTV
(Hydrothermal
Vents)

Unknown, but information from
neighbouring areas of the Timor
Trough indicates that the
existence of vents is highly likely.

Diversity and abundance of biota | None currently
relatively high when compared to | known

other deep-water habitats.

Species composition can be

expected to be a highly unusual
assemblage of vent specialists

Biogenic reefs

The habitat type is likely to be rare in
the region and since some component
species will be coral reef specialists, it
is therefore reasonable to assume that
they too will be regionally rare.

Diversity is likely to be
high, but may be lower
than
extensive reef habitats.
This is due to habitat
rarity and environmental
stress caused by turbid

seen in more

water.

Distressed by constant run-
off from mountainous
areas.

Shallow  coral
reefs
Deep-water

coral reefs

The habitat type is unusual in most
regions and since certain component
species are deep-water coral reef
specialists, it is reasonable to assume
that they too will be regionally rare.

Diversity is likely to be

relatively high in
comparison with other
deep-water
environments.

None currently known

Halimeda reefs

The habitat type is uncommon in the
region. Some component species may
be Halimeda reef specialists and
therefore may be regarded as regionally
rare.

Diversity expected to be
moderately high due to
the structural complexity
provided by the reef.

None currently known

General conclusions might include the following: 1) In most cases there is insufficient

information to make a robust assessment of conservation importance, 2) The extent of

the habitats generally limited and regionally widespread, 3) Habitats such as mangroves,

seagrass, shallow-water coral reefs, deep-water coral reefs and Halimeda reefs are rare

and possibly absent in some cases in the region. As most component species of such
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habitats will be habitat specialists, it is therefore reasonable to assume that they too will
be regionally rare and 4) there is limited knowledge about the extent and intensity of

existing pressures such as traditional fishing.

Mangrove habitats are unique ecosystems occurring along the sheltered intertidal
coastline, mudflats and riverbanks. These are formed in association with the brackish
water margin between land and sea in tropical and sub-tropical areas (Cannicci et al.,
2008). Mangroves play an important role in providing essential ecological services and
livelihoods for neighbouring human communities (IUCN, 2006). Mangrove wetlands
offer refuge and nursery grounds for juvenile fish, shrimps, crabs and molluscs. The
habitats are also prime nesting and migratory sites for hundreds of bird species, sea
turtles and mud-skipper fish (Alongi, 2004). They also provide protection from coastal
storms (Mazda et al., 1997), help stabilise sediments (Carlton 2009) and absorb
pollutants (Tam, 1995), as well as reduce shoreline (Thampanya et al., 2006) and

riverbank erosion (James 2000).

Coral reefs habitats form some of the most diverse ecosystems known and for this
reason are considered to be of significant conservation importance. These complex and
varied marine habitats also support a wide range of organisms (Barnes, 1991) and
benefit the ecosystem through tourism, fisheries and shoreline protection (Briggs,
2005). In addition, coral reefs play a vital roles in protecting shorelines by absorbing
wave energy, particularly for many small islands, which would not exist without the

protection of reefs (Cooper, 2008).

Intertidal sediments and rocks are formed due to wave exposure and freshwater
influence. Freshwater run-off derived from the South Coast highlands is an influential

factor during the raining season, resulting in increased coastal turbidity.

Vulnerability and resilience of habitats

The relative importance of habitats for conservation management is influenced by
vulnerability and resilience. It is therefore appropriate to define the meaning of these
terms. Vulnerability is a measure of the degree to which a receptor is exposed to
pressures it is sensitive too, while resilience is the ability of a receptor to recover from
disturbance or stress. The available information is currently insufficient to form a

reliable basis for assessing such variables in the Timor Sea.
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Table 3.19. Outline of assessment of the vulnerability of habitats in the Timor Sea, JPDA and South

Coast.

Habitat type

Vulnerability

Resilience

Intertidal Sediment

Exposed coarse sandy
beaches

High vulnerability to impacts from oil spills
and localised shoreline developments.

Expected to be relatively high due to the
dynamic and mobile nature of the substrate.

Sheltered fine sandy
beaches and mudflats

High vulnerability to impacts from oil spill and
localised shoreline developments.

Likely to be low at some locations due to
low-wave energy, but mobile sandbanks in
estuaries may show a more rapid recovery.

Mangrove forests

High vulnerability to impacts from oil spill and
localised shoreline developments.

Documented cases indicate a slow recovery
period, with regrowth of trees requiring years
or decades.

Intertidal rock

Exposed intertidal | High vulnerability to impacts from oil spills | Expected to be relatively high due to the

rock and localised shoreline developments. high-energy environment and frequent wave
action.

Sheltered intertidal | High vulnerability to impacts from oil spills | May be lower than at more exposed sites,

rock and localised shoreline developments. although still expected to be relatively rapid.

Subtidal sediment

Shallow
shelf sediments

continental

High vulnerability to localised impacts from

cuttings construction of subsea

structures.

piles or

Likely to be highly variable, ranging from
rapid recovery in coarse mobile sediments in
wave-exposed shallow areas to slow recovery
in mixed stable sediments in low-energy or
moderately tide swept environments.

Deep continental slope
and trough sediments

As it is considered unlikely that developments
will occur in depths of >200m, there is low
vulnerability to localised impacts from cuttings
piles or construction of subsea structures.

Disturbance studies in low-energy, deep-
water environments indicate a very slow
recovery rate.

Seagrass Considered to be highly vulnerable to impacts | Uncertain, although the limited extent of
associated with shoreline developments, with a | beds will likely reduce recovery potential due
moderate vulnerability to impacts associated | to the lack of potential colonists in the
with oil spills. immediate area.

Subtidal rock

Shallow  continental | High vulnerability to localised impacts from | Variable. Recolonisation is likely to be

shelf rock construction of subsea structures, as well as | moderately rapid, although community

impacts associated with shoreline development
in the case of shallow inshore reefs. As it is
considered unlikely that
conducted on exposed benthic

drilling will be
bedrock,
vulnerability to impacts from cuttings piles is
thought to be quite low.

structure may remain modified for longer
periods.

Deep continental slope
and trough rock

As it is unlikely that developments will occur in
depths of >200m, vulnerability to localised
impacts from cuttings piles or construction of
sub-sea structures is considered low.

Likely to be very low due to the low-energy
environment and rarity of habitat limiting
potential sources of colonists.
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Habitat type

Vulnerability

Resilience

HTV

As it is unlikely that developments will occur in
depths of >200m, vulnerability to localised
impacts from cuttings piles or construction of
sub-sea structures is considered low.

Unknown, although vents are transient
structures on a scale of decades so it can be
assumed that associated communities will
adapted and recolonise areas on a similar
timescale.

Biogenic reefs

Shallow-coral reefs

High vulnerability to impacts associated with
shoreline development in the case of inshore
reefs, as well as localised impacts from
construction of subsea structures. Moderate
vulnerability to impacts associated with oil
spills. As it is highly unlikely that drilling will
be conducted in inshore areas, vulnerability to
impacts from cuttings piles is thought to be
quite low.

Documented recovery rates of coral reefs are
low and this is particularly likely to be the
case in the study area due to habitat rarity
limiting potential sources of colonists.

Deep-water coral

High vulnerability to localised impacts from
cuttings piles or construction of sub-sea
structures.

Recovery rates are not documented, but
likely to be very slow due to the low-energy
environment and slow coral growth rates.

Halimeda

Moderate vulnerability to impacts associated
with oil spills due to shallow depths. As it is
highly unlikely that drilling will be conducted
in the shallow reef areas, vulnerability to
impacts from cuttings piles and sub-sea
structures is thought to be low.

Documented recovery rates are relatively
rapid.

Species

Turtles

Nesting beaches highly vulnerable to impacts
associated with oil spills or shoreline
development. The species is highly vulnerable
to contamination from oil slicks and
disturbances from seismic surveys.

Limited due to species rarity.

Cetaceans

Species highly vulnerable to contamination
from oil slicks and disturbances from seismic
surveys.

Limited due to species rarity.

Dugongs

Species highly vulnerable to contamination
from oil slicks and possibly to habitat damage
associated with shoreline developments. As it
is unlikely that seismic surveys will be
conducted in  shallow inshore areas,
vulnerability to disturbances from these is
assumed to be low.

Limited due to species rarity.

While many habitats and component species may be vulnerable to oil spills, their

vulnerability to other oil and gas development activities such as seismic surveys,

installation of subsea structures, drilling cuttings and produced water will vary

depending on the characteristics of the habitat or species under consideration. In the

case of deep-water habitats such as continental slopes and trough environments,
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vulnerability is considered to be low as it is unlikely that developments will occur in

depths of >200m.

The resilience of habitats and component species is likely to be highly variable. High-
energy, shallow areas are likely to have a relatively rapid recovery rate, while low-
energy or deep-sea environments are likely to be much slower. Slow recovery habitats
can be characterised as extremely sheltered beaches, intertidal rock, mangrove forest,
seagrass, shallow-water coral reefs and deep-water habitats, including deep-water coral
reefs. On the other hand, intertidal habitats and shallow sites such as Halimeda reefs are

likely to have relatively high recovery rates due to the high-energy conditions.
3.7.2 Potential impacts of the oil industry

Seismic survey

The literature referred to in Chapter 3 appears to indicate that seismic airguns only
cause localised and transitory impacts on marine biota, including adult fish, fish eggs

and larvae, marine mammals and invertebrates.

Table 3.20 Summary of findings of seismic impacts on marine biota extrapolated for the JPDA in the
Timor Sea.

Biota

Zone of
effects

2)

Towed length
L)

Anticipated
Area of effect
= (Lx(Zx2))

Fish eggs and
larvae

<lm

1,000,000

Surface area affected = (1,000,000 x (1 x 2)) = 1,000,000 x 2
=2,000,000m> = 2km? impacted within 61,000km’ area
= 2km*/61.000km’
=0.003%

Adult fish

< 5m

1,000,000m

Surface area affected = (1,000,000m x (5 x 2)) = 1,000,000m x 10
= 10,000,000m* = 10km? impacted within 61,000km” area
= 10km®/ 61,000km’
=0.016 %

Fisheries

<20m

1,000,000m

Surface area affected = (1,000,000m x (20 x 2)) = 1,000,000m x 40
=40,000,000m’ = 40km’ impacted within 61,000km? area
= 40km?/ 61,000km>
= 0.066%

Marine
mammals

<30m

1,000,000m

Surface area affected = (1,000,000m x (30 x2)) = 1,000,000m x 60
= 60,000,000m’ = 60km>
= 60km?”/ 61,000km’
=0.098%

Invertebrates

<2m

1,000,000m

Surface area affected = (1,000,000m x (2x2)) = 1,000,000m x 4
=4,000,000m> = 4km?
= 4km’/ 61,000km’
=0.007%

Based on the estimates above, it seems likely that the impacts of seismic surveys will

only affect a very small proportion (< 0.1%) of the overall area. However, if this were to
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coincide with a particularly sensitive area (e.g. breeding grounds) the consequences

would be greater than implied by this calculation.

Drilling muds

The literature indicates that the impacts of drilling muds are localised and generally
occur through physical smothering. Recovery rates depend on the type of community
affected, composition of toxic components in the pile, availability of colonising
organisms and water depth. Although estimates of the extent of these impacts vary, a
maximum distance of 2000m from the platform covers most situations. Therefore the
potentially impacted area is within a circle of radius of 2000m centred on the oil well.
The formula for this area of circle is = Pi x r”. Using this formula, the area impacted
from a single well can be calculated at 12,566,371m>. Assuming there are 10 wells in
the JPDA, a total of up to 125,663,710m2 of seabed would be impacted. There are
l,OOO,OOOm2 in 1km? so the impacted area would therefore be ~126km?>. If an estimated
area of 126km? is impacted within 61,000km? of the JPDA, this indicates that ~0.2% of
the JPDA seabed would likely be affected.

A detailed study and assessment should be considered before drilling activities take
place in southern part of the JPDA bordering the Timor Trough, where depths can
extend from 300 to 3000m. This is particularly important given the potential impacts on
deep-water coral and hydrothermal communities in the area, as indicated in sub-sections
2.3.3 and 2.3.4 of Chapter 2. As oil platforms in the Timor Sea are likely to be located
in deep water of more than 30m, drilling muds are not considered a big risk factor to

nearshore habitats.

Produced water

The available literature suggests that the effect of produced water on marine
environments tends to be localised and transitory in nature. For example, the extent of
the effect of produced water in well mixed conditions might reach only 200m from the
discharge point and extend between 500 to 1000m from the discharge point in shallow
water or water with limited circulation. If the maximum extent of impact from the well
is 1000m, then the maximum area impacted from a single well would be 3,141,593m2.
Assuming there are 10 wells in the JPDA, the impacted area would be 31,415,930m2 or
~31km?. This means that a maximum of ~0.05% of the JPDA area would likely be
affected.
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Produced water is unlikely to have a significant impact on near-shore habitats as oil

platforms in the Timor Sea are typically located in deep water of more than 30m.

Oil spills
Causes

There are numerous physical features that may lead to an increased risk of oil spills in
the Timor Sea. The Timor Trough is a geologically active area that is susceptible to
earthquakes, which have the potential to cause subsea pipeline rupture or damage to
other offshore structures. In association with the heavy sediment loads deposited by the
coastal rivers, earthquakes also have the potential to generate turbidity currents on the
continental slopes south of East Timor, thereby increasing the risk of damage to subsea

structures in the region.

Cyclones are another factor which could potentially increase the risks to shipping and
structures and thus increases the risk of oil spills in the region. This is particularly the
case in the southern section of the JPDA during the cyclone period from December to

April.

Wind direction is likely to have a bigger influence on the direction of drift of oil slicks
rather than currents. Wind direction is seasonally variable, with prevailing easterly
winds during the dry season (October to May), while the wet season throughout

November to March brings prevailing westerly winds.

Fate

The most likely sources of oil spills in the Timor Sea are platforms, pipelines, tankers
and refineries. Causes may include: 1) oil platforms and pipeline installed or located in
an area around Timor Trough wvulnerable to earthquakes and continental slope
instability, 2) broken or damaged oil platforms and pipeline installed or located in the
shallow continental shelf of the JPDA, which may cause spills due to sediment erosion,

and 3) tankers could potentially be damaged by cyclones, resulting in oil spills.

If an oil spill occurs in the JPDA, the oil is likely to go in one of two directions
depending on what season it is at the time. If the spill event occurs in the dry season
from June to September then oil slicks will drift from south-east to north-west towards

the South Coast of East Timor (as indicated in Figure 2.7 and described in sub-section
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2.2.3). However, if the spill event occurs in the wet season from November to March
then oil slicks drift from north-west to south-east, with the slicks moving towards
Arafura Sea (as indicated in Figure 2.6 and described in sub-section 2.2.3). Oil is
eventually assimilated by the marine environment and the time it takes to reach the land
or near-shore areas depends on the factors described earlier in sub-section 3.2 of
Chapter 3. During the wet season, for example, the wind is likely to take the oil away
from the East Timor coast and cyclones may disperse the oil. However, if it occurs
during dry season, it is far more likely to make landfall, although the probability of this
depends on the size and location, as well as wind speed. Of course, if the source of the
spill is from tankers or pipelines outside of the JPDA and closer to the coast then the

likelihood of spills reaching the South Coast is much higher.

Decommissioning

Removal of structures will cause considerable localised disturbance and damage, but
eventually the site may return to a ‘natural’ state. Leaving structures in place will cause
less damage and the (possibly diverse) communities which have developed on the
structures will remain. But it will take much longer to return to a ‘natural’ state.
Toppling will create considerable disturbance but a diverse community may develop on
the sunken structure. Again, it will take a very long time to return to a ‘natural’ state.
The advantage of leaving structures in place is in avoiding the coastal damage
associated with taking the structures to land and potentially in stimulating the

development of diverse communities on the abandoned structures.

The preferred decommissioning options outlined in this study may be influenced by
conservation philosophy. If diverse ecosystems are viewed as important it may be better
to leave structures in place. For example, if in a particular place fish populations are
limited by the amount of available habitat, then addition of suitable artificial habitat
increases the environmental carrying capacity, resulting in a sustained increased in
populations. The option of leaving structures in-situ could be viewed as a tool for
habitat conservation and rehabilitation, including their use as physical barriers to
discourage illegal trawling. The structures may also act as artificial reefs and provide a
source of colonists for rejuvenating adjacent reef communities. But if the preference is
for ‘natural’ ecosystems it may be better to remove structures, although there are

environmental costs associated with the removal process. Such costs include physical
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disturbance of neighbouring natural communities, possible release of contaminants, and
facilitating the establishment and spread of invasive species due to transport of the
structures and their associated fouling communities. There is also the potential for
localised adverse changes in established food-web dynamics and community structures.
Conclusions regarding decommissioning impacts in Timor Sea are similar to the
conclusions reached elsewhere in the world. Decommissioning rigs left in-situ in deep
water can enhance biological productivity, improve ecological connectivity and help
facilitate conservation or restoration of benthos (i.e. cold-water corals) by restricting
access to fishing trawlers. Conversely, potential negative impacts include physical
damage to existing benthic habitats within the “drop zone”, undesired alteration in

marine food webs and release of contaminants as reefs corrode.

If removing the structure to shore for dismantling and disposal, this will involve
engaging the relevant Timorese institutions. These would include the National
Petroleum Authority (NPA), the Ministry of Natural Resources and the Ministry of
Commerce and Environment. Although this option might seem to have negligible
impacts on the marine environment, if the process fails to comply with guidelines it
could cause physical disturbances and contamination of sensitive coastal environments
such as coral reefs. Thus, there is a need to develop specific environmental policies to
regulate oil and gas decommissioning and disposal. These should specify that all actions
be licensed and decided on a case-by-case basis. Guidelines should include provisions
such as: 1) No permit shall be issued if the decommissioning option might release
substances which are likely to result in a hazard to human health, harm to living
resources and marine ecosystems or raise conflict among other sea users, 2) Other
contracting parties, including relevant authorities and sea users, should be consulted, 3)
navigational safety aspects should be considered and 4) for deeper/heavier installations,
partial removal is permitted or it can be left intact at existing sites. Hence, potential
effects on the marine environment should be evaluated, including effects on water
quality; the potential for pollution or contamination of the site by residual products or
deterioration of the installation and interference with other users of the sea include

fishing, shipping, and subsea cable laying.
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3.7.3 Existing human pressures

The literature in sub-section 2.4.6 indicates that the existing human pressures on the
Timor Sea are on the whole negligible. However, it is possible that additional pressures
from the oil industry may interact with existing pressures to amplify the impact on the
marine environment. This might occur through secondary consequences of the
development such as, increased coastal urbanisation, associated habitat destruction and
increased effluent discharge. Development might result in increased shipping, improved
transport and ports, leading to increased financial viability of commercial fishing and
hence increased fishing pressure. Development might also result in changes in
agricultural practices due to economic development. For example, more intensive
agriculture may be necessary due to population increases and the higher demand for
supply. At the same time, less intensive agriculture may become less viable as

alternative job opportunities arise).

Conclusion

- Preliminary assessment on species and habitat diversity of natural environment in the
Timor Sea indicates an impoverished biota. This may be due to environmental
characteristics and/or a lack of comparable datasets. Rarity and biodiversity assessment
indicates that shallow coral, mangroves and deep-water coral reefs are considered as
relatively high conservation importance. Assessment of vulnerability and resilience of
habitats indicates that coral reefs, mangroves and deep-water coral reefs are high

conservation concern.

- Impacts associated with drilling muds are considered to pose localised but long-term
threats on marine organisms in the Timor Sea, seismic surveys are judged likely not to
impact on fisheries and marine mammals but only limited localised and transitory
effects on invertebrates and fish eggs and larvae. Produced water is judged to pose only

localised and transitory threats to marine biota.

- The physical environment of the area has the potential to cause oil spills and
consequently pose threats to the marine environment. Relevant factors include tectonic
activity in the Timor Trough and the associated risk of turbidity currents on the

continental slope, as well as the possibility of cyclones.
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- Oil spills originating in the Timor Sea development area are very unlikely to reach the
South Coast of East Timor due to high dispersion rates. Other factors include the long
distance between the point of origin and the coastline, as well as the high temperatures,

which in turn cause high oil evaporation rates.

- Oil spills have potential impacts on human heath due to the possibility of
contamination of fish and shellfish. If oil spills were to occur in near-shore areas on the

South Coast of Timor Sea then this is likely to affect subsistence fisheries.

- The preferred option for decommissioning rigs in deep water is to leave the structures
in-situ. The reason for this is because of the potential for enhancing biological

productivity, improving ecological connectivity and facilitation of conservation.

- Current existing human pressures on the natural environment of the Timor Sea region
are regarded as negligible. However, future increases in business hubs on the South

Coast may introduce secondary environmental and socio-economic pressures.
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Chapter 4. AN EVALUATION OF STAKEHOLDERS VIEWS

REGARDING THE POTENTIALDEVELOPMENT OF THE
OIL INDUSTRY IN EAST TIMOR: A CASE STUDY.

4.1 Introduction

There has been substantial growth in the oil industry over the years. The sector has
been important in generating economic activity in many countries and in supporting the
world economy. (Shadbegian and Gray, 2006, Kotchen and Burger, 2007, Committee,
2008, Festic and Repina, 2009, Kumar and Managi, 2009, Lutz and Meyer, 2009, Yang
et al., 2009, Goetz, 2008, Noguera and Pecchecnino, 2007, Zou and Chau, 2006,
Krywitsky and Freeman, 2006). Many developing countries face the dual challenges of
providing sufficient oil and gas supplies to support their rapidly growing populations
and the need to find an economic engine to drive growth and development. However,
environmental problems may arise if decision makers fail to pay appropriate attention to
the interests of stakeholders (Grimble and Wellard, 1997, Grossman et al., 2008) can

result in higher social and environmental costs (Mwalyosi, 1998).

Recently, efforts to tackle environmental problems through stakeholder consultation and
involvement initiatives have been embedded into the environmental decision-making
process, from local to international level (Mushove P. and Vogel, 2005), (Stilma et al.,
2007, Stringer, 2006, Thomas et al., 2007, Sutton and Bushnell, 2007, Hovardas and
Poirazidis, 2007, Kellett et al., 2007, Simonovic and Akter, 2006, Bienabe and Hearne,
2006, Rouse, 2006, Hunt, 2006). In fact, it could be argued that placing importance on
stakeholder involvement in the environmental management process can yield improved
information and not only produce responsive decisions, but also resolve conflict, build
trust, educate the public and confer legitimacy. Stakeholder consultation has also been
practiced in other fields, including in the health sector (Haddow et al., 2007, Miles et
al., 2006, Armstrong et al., 2007, Morrow et al., 2007, Madi et al., 2007, Lu et al.,
2007), and in the area of water resource framework management (Manez et al., 2007,
Lautze and Kirshen, 2009, Smyth et al., 2009, Woods, 2008, Chubarenko, 2008, Deber
and Gamble, 2007, Dandrea and Combes, 2006, Kujinga and Jonker, 2006).
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Environmental issues normally require a diverse approach which considers both
ecological and societal issues (Groom, 2006, Carpenter, 2009). Thus, recognising social
aspects of environmental management such as the willingness of different resource
stakeholders to participate in environmental management programmes is vital,

particularly for a resource with high social and economic importance.

Consequently, the planning process for modern environmental management, listens to
the perceptions of stakeholders via formal participatory processes or public hearings. A
quantitative social scientific approach can be useful in unravelling the preferences and
attitudes of diffusely organised stakeholder groups and in providing decision-makers
with an objective overview of stakeholders’ attitudes towards environmental
management programs (Arlinghaus and Mehner, 2005, Cooke et al., 2009, Myatt-Bell et
al., 2002, Myatt et al., 2003). The avoidance of centrist approaches can add credibility
when establishing environmental policies and generally improve environmental

management planning.

As environmental management issues can become socially and biologically complex
(e.g., migration of species, or where coral reefs are affected by multiple development
factors), assessing stakeholder preferences for particular environmental protection
measures may benefit from multivariate modelling approaches (Cooke et al., 2009) in
which large numbers of stakeholders can be asked their views on the relative merits of

multiple alternative management tools.

4.1.1 Objective of the pilot Study

The objective of this pilot study is to evaluate the views of stakeholders regarding the
relative importance of both negative and positive potential outcomes of oil industry
development. The results are intended to inform the development of appropriate
management strategies aligned to the value systems of the stakeholders. The study was
primarily based on the views of local residents who are relevant stakeholders and have
direct knowledge of the areas under consideration for development. The novel results
provided by this study could serve as a starting point for the development of a socially

responsible environmental policy for East Timor.

The survey questionnaire was designed with five main specific objectives:
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1) to assess the views of respondents on the importance of various components of
the existing natural environment, the importance of various livelihood sectors

and levels of satisfaction with provision of various basic infrastructure services,

2) to determine respondents expectations of the probable outcomes of oil industry

development,

3) to assess the views of respondents on the relative importance of selected

potential positive outcomes in relation to potential negative outcomes,

4) to assess the overall views of respondents on the desirability of oil industry

development in East Timor,

5) To assess if the views of respondents differ according to geographic location,

occupation, education level, age or gender.

4.1.2 Methods

4.1.2.1 Selection of stakeholders
Primary stakeholders in this study, according to a broadly adopted definition from
Freeman (1984), are generally identified as any group or individual who can affect, or
be affected by the achievement of a project. The large geographic and social footprint of

the study area results in a large number of potential stakeholders.

Stakeholders for this study are classified in two distinct groups, ‘individual’ and
‘corporate’. The ‘individual’group includes those persons with local environmental
management interests such as residents of the South Coast villages of Suai Loro, Betano
and Beaco as well as representatives of the general Timorese public resident in the
capital, Dili. To collect individual views questionnaires were distributed (see in sub-
section 4.1). and the results compiled and analysed utilising a multivariate
(nonparametric Multidimensional Scaling) method, as described in sub-section 2.3.6.
The ‘corporate’group included representatives of organisations, corporate entities or
other groups. These might include government bodies at national or local level, other
social service entities, environmental groups, service providers, NGOs and oil
companies (see Table 4.1). The corporate representatives were not consulted by
questionnaire but were invited to put forward their priorities regarding oil-related

environmental issues. The views were evaluated by tabulated summaries of concerns
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expressed on environmental presented in results section 3.2.4 and discussion section

4.4.

Table 4.1. List of selected groups and individual stakeholders.

Category

Group

Consultation

Government

Ministry of Agriculture,

Fisheries & Forestry (MAFF),

National Directorate of Environmental Services
(DNSMA), National Directorate of Tourism,
National Petroleum Authority (NPA),

Ministry of Public Transportation,

Ministry of Public Works,

National Directorate of Land & Property,
National Directorate of Water & Sanitation Local
Level;

District administrators and District Planning Officers.

Consulted/
descriptive

Services providers;

Non- governmental organisations

Fokupers (Forum of EastTimorese Women)

Luta hamutuk (Monitoring gov expenses)

Lao Hamutuk ( Monitoring natural resources dev prog.)
FONGTIL (National NGOs umbrella)

Rede Feto (Women'’s network)

Hasatil (Sustainable development)

Haburas (Environmental advocacy & monitoring)

Research groups;

Arafura and Timor Sea Expert Forum (ATSEF),
Coral reefs Triangle (CTI),

East Timor National University (UNTL),

Dili Institute of Technology (DIT) and;

Timor Institute for Development (TID).

Consulted/
descriptive

Individual

Local residents

Residents of Suai Loro village,
Residents of Betano village,
Residents of Beaco village.

Consulted/
questionnaire
based

General Public

Residents of the capital in ‘Dili’.

Consulted/
questionnaire
based

91




4.1.2.2  Study area

General characteristics

This thesis is mostly concern with the offshore oil industry however this particular
chapter specifically focus on selected areas located on the South Coast of East Timor.
This region is geographically suited for development in support of the oil industry and
is potentially vulnerable to environmental impacts arising from this development. This
region is e Joint Petroleum Development Area (JPDA) is approximately 120 km

offshore from the south coast (Figure 4.1).

The south coast is relatively undeveloped in the region extending from the Suai district
(west) to the Viqueque district (east). The three villages of Suai Loro, Betano and
Beaco include areas of land owned either by the state or by private owners. The local
communities rely primarily on subsistence agriculture and fishing. However, a recent
government plan has announced the allocation of all three areas for possible
development of the oil industry. This could potentially lead to the loss of important

ecological value in the region.

Ecological values

The South Coast of East Timor has approximately 348 km of coastline encompassing a
variety of intertidal habitats, including mangrove forests. Chapter 2 provides a full
account of the biological characteristics of this coast. In terms of ecological
characteristics Suai Loro has distinct differences from the other two proposed project
sites. Suai is the most highly vegetated with coastal forest dominated by Avicenna
marina (mangrove) by Corypha umbraculifera (talipot palm). Betano also has some
mixed forest dominated by Corypha umbraculifera (Personal observation).

Socio-cultural characteristics

The socio-cultural features and values of the areas are summarised in Table 4.2.
Table 4.2. Summary descriptions of socio-cultural features in the proposed project sites.

Locations Level of traditional Significance attached to Recent demography & history of the areas
beliefs certain flora, fauna &
landscape features
Beaco Relatively moderate Crocodiles, large trees, A small population prior to 1975, which
large rocks and rivers. expanded after 1975.

Betano Relatively moderate Crocodiles and rivers The area became populated in the 1980’s.

Suai Loro Relatively strong belief | Crocodiles, large trees, The area has been populated since their
system and a traditional | whales and large rocks. ancestral period and is associated with
community strong traditional values.
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In terms of socio-cultural features, Suai Loro is a more conservative community,
compared to the other two communities. Although the objects of traditional beliefs do
not appear to differ too much between the areas there are differences in the strength of

these beliefs related to the demography and history of each area.

= T
Refinery,Patrochemical
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Figure 4.1. Map of the South Coast of East Timor (Adapted from SRN, 2010).

4.1.3 Research Methods
4.1.3.1 Methodology outline

This study was conducted using an inductive research approach, which aims to establish
knowledge by objective, theory-free observation. This entailed collecting objective and
unbiased data and subsequently trying to generate an analysis from the findings
(Bryman, 2004). The observations of stakeholder views were acquired by questionnaire-

based surveys and associated interviews.

4.1.3.2 Questionnaires

To gather the views of stakeholders a questionnaire-based survey was carried out. Such
questionnaires are a commonly utilised method for research where a relatively large
number of respondents are needed (Goodwin, 2004). For this study, the questionnaire
technique enabled the researcher to gain information from a large number of subjects

and thus gain a more representative sample of the views of the population (Marshall,
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1999, Silverman, 2005, May, 2002, Maxwell, 2005). Care needs to be taken when
devising a questionnaire in order to maximise the response rate. For example, closed
questions with a range of pre-given answers gives the impression that the questionnaire
is simple and may encourage the respondent to complete the survey (Denscombe, 1998)
while a questionnaire which is long and contains many survey questions might

potentially limit the response rate.

In utilising this technique the primary factor to consider is who needs to be surveyed in
order for the aims of the research to be achieved. In this case, local residents in the

project sites, who live on the South Coast, were questioned.

Another fundamental aspect is the content of the questionnaire. It was necessary for the
content to explore the views of respondents regarding a range of potential outcomes and
issues that might arise due to oil industry development. In order to establish the nature
of such outcomes a range of possible development scenarios were considered (Table
4.3) and the possible outcomes of these scenarios were included in the questionnaire
content. Although the scenarios themselves were a tool for developing the

questionnaires they were not directly included in the questionnaires.
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Table 4.3. Four imaginary scenarios apply for the pilot study.

Scenario A

Scenario B

Scenario C

Scenario D

Development of oil refineries
on South Coast of East Timor.

Significant
economic benefits
to coastal
community in East
Timor

Significant
localised coastal
environmental
consequences
through habitat
modification / loss
and possible
pollution
Potential
broadscale
environmental
consequences due
to increased
pollution / oil
spills.

Potential direct
economic
consequences due
to interference with
subsistence
fisheries and
agriculture
Potential future
economic
consequences due
to reduced tourism
potential
Potential social
effects from
increased
immigration
leading to
demographic
change

Potential conflict
due to damage of
cultural sites.

Construction of supply base
port on South Coast of East

Timor.

Some economic
benefits to coastal
community in East
Timor

Some localised
coastal
environmental
consequences
through habitat
modification / loss
and possible
pollution
Potential
broadscale
environmental
consequences due
to increased
pollution / oil
spills.

Potential direct
economic
consequences due
to interference
with subsistence
fisheries and
agriculture
Potential future
economic
consequences due
to reduced tourism
potential
Potential social
effects from
increased
immigration
leading to
demographic
change

Potential conflict
due damage of
cultural sites.

Construction of floating oil
refinery in the JPDA.

No direct
economic benefits
to coastal
community in East
Timor

No obvious
localised coastal
environmental
consequences
through habitat
modification / loss
and possible
pollution
Potential
broadscale
environmental
consequences due
to increased
pollution / oil
spills.

No obvious direct
economic
consequences due
to interference
with subsistence
fisheries and
agriculture

No obvious future
economic
consequences due
to reduced tourism
potential

No obvious social
effects from
increased
immigration
leading to
demographic
change

No obvious
conflict due
damage of cultural
sites.

No development in Timor Sea
and development of oil
industry takes place in
Australia.

No direct
economic benefits
to coastal
community in East
Timor;

No obvious
localised coastal
environmental
consequences
through habitat
modification / loss
and possible
pollution
Potential
broadscale
environmental
consequences due
to increased
pollution / oil
spills.

No obvious direct
economic
consequences due
to interference
with subsistence
fisheries and
agriculture

No obvious future
economic
consequences due
to reduced tourism
potential

No obvious social
effects from
increased
immigration
leading to
demographic
change

No obvious
conflict due
damage of cultural
sites.

It should be stressed that these scenarios are not intended as representations, but rather

are imaginary tools for visualising of the necessary conditions for the implementation of

possible management strategies and the possible positive and negative consequences

(Lorenzoni, 2000a). It is also essential to stress that the imaginary scenarios were not

included in the questionnaires presented to the respondents during the interview

sessions.

The questionnaires consist of structured and semi structured questions with additional

space for comments. A summary of the questionnaire structure is presented in Table

4.4.
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Table 4.4. Summary questions of the primary stakeholders.

Section

Purpose

Question Number &
Remarks

Sub-section questions

I1. Evaluates views
on the importance of
various aspects of
the existing social
and environmental
situation.

To gauge views on the
importance of existing
natural resources on the
South Coast.

3 (importance of the
existing natural
environment)

Evaluates views on importance of

mangrove forests,

intertidal habitats,

fringing reefs,

breeding habitats,

coastal erosion,

coastal pollution,

coral reefs,

seabed conditions

protection of migratory species.

To gauge views on the
importance of livelihood
sectors.

4 (‘economic sectors in the
community)

Evaluates views on importance of

fishing

agriculture,

handicrafts,

building & construction,

port & maritime transportation
tourism.

To gauge levels of
satisfaction with the
provision of basic socio-
economic and
infrastructure services in
community.

5 (satisfaction with
provision of basic socio-
economic & infrastructure
services)

Evaluates satisfaction with

water sanitation services,

energy supply,

transportation links,

basic education services,

access to employment opportunities,
available business opportunities.

I11. Evaluates
expectation of social
and environmental
changes that may
occur due to
development of the
oil industry.

To measure expectations
of the desirable benefits
generated by
development of oil
industry.

To measure expectations
of the undesirable
consequences generated
by development of oil
industry.

6 (expectations of
desirable benefits)

Evaluates expectations of the desirable benefits;

improve employment opportunities,
create new business opportunities,
improve water sanitation,

provide additional energy,
improve health services,

improve basic education services,
improve transportations links

have positive economic impacts

7 (expectations of
undesirable consequences)

Evaluates expectations of undesirable
consequences

mangrove deforestation,

alteration of intertidal zone,
destruction of fringing reefs,
breeding & spawning habitats,
increased pollution in coastal areas,
& coastal erosion,

destruction of coral reefs altered of
seabed conditions and

disturbance to migratory species.
reductions in fish stock,

reduction in agriculture productivity,
loss of potential tourism industry,
increased health risks due to
pollution & damage to cultural sites,
damage to land for future
generations,

increased population of migrant
workers and

increased job losses.

I11. Evaluates views
on the relative
importance of
possible positive and
negative
consequences of oil
industry
development.

To gauge views on the
relative importance of
increased employment
is more important than
environmental
consequences.

8 (assuming the
development of the oil
industry increased
employment opportunities
to the community, how
much do you agree that
this is more important than
the following possible
negative consequences)

Evaluates views of relative importance of

damage to the seabed in general,
damage to the intertidal zone in
general,

damage to coral reefs,

damage to mangroves,
increased pollution,

reduction of fishing industry,
damage to agriculture land,

loss of potential for developing
tourist industry,

increased heath risk due to pollution,
damage to cultural sites and
increased population of migrant
workers
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Section

Purpose

Question Number &
Remarks

Sub-section questions

To gauge views on
whether the relative
importance of improved
healthcare is more
important than
environmental
consequences.

To gauge views on
whether the relative
importance of improved
transportation links is
more important than
environmental
consequences.

9(assuming the
development of the oil
industry brings improved
healthcare services to the
community, how much do
you agree that this is more
important than the
following possible
negative consequences)

Evaluates views of relative importance of

damage to the seabed in general,
damage to the intertidal zone in
general,

damage to coral reefs,

damage to mangroves,
increased pollution,

reduction of fishing industry,
damage to agriculture land,

loss of potential for developing
tourist industry,

increased jobs losses damage to
cultural sites .

10 (assuming the
development of the oil
industry brings improved
transportation links to the
community, how much do
you agree that this is more
important than the
following possible
negative consequences)

Evaluates views of relative importance of

damage to the seabed in general,
damage to the intertidal zone in
general,

damage to coral reefs,

damage to mangroves,
increased pollution,

reduction of fishing industry,
damage to agriculture land,

loss of potential for developing
tourist industry,

increased heath risk due to pollution,
damage to cultural sites and
increased population of migrant
workers.

IV. Evaluates overall
views on the
desirability of oil
industry
development in East
Timor.

To gauge locals overall
views on the
development of oil
industry on the South
Coast.

11 (Overall, to what extent
do you agree with oil
development in East
Timor)

Evaluates overall views

very important that development
proceeds and environmental issues
are minimal and should be
disregarded,

very important that development
proceeds but reasonable steps should
be taken to protect the environment,
development should only take place
if all environmental issues can be
avoided and development should not
proceed if will result in
environmental harm.

4.1.3.3

Sample design

This survey design was influenced by a previous perception survey (Jones 1997) and the

questionnaire design is based on attitude rating scales and tick boxes. It uses a five

category scale devised to indicate how much the respondent agrees or disagrees with the

statement (Myatt et al., 2003). The code for the respondent was one to five (e.g.

I=strongly disagree, 2=disagree, 3=don’t know, 4=agree and S5=strongly agree). The

phrasing of the questions is outlined in Table 4.5.
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Table 4.5. The phrasing of the questionnaire

Phrasing of question Code for the respondent
Agreement on the importance of natural 1=strongly disagree, 2=disagree, 3=don’t know, 4=agree
environmental sectors (question 3) and 5=strongly agree
Agreement on the importance of local economic I=strongly disagree, 2=disagree, 3=don’t know, 4=agree
sectors (question 4) and 5=strongly agree
Dissatisfaction with socio-economic services 1= excellent, 2=good, 3=adequate, 4=poor, 5=totally
(question 5) inadequate
Expectation of socio-economic benefits (question 1=strongly disagree, 2=disagree, 3=don’t know, 4=agree
6) and 5=strongly agree
Expectation of negative socio-economic 1=strongly disagree, 2=disagree, 3=don’t know, 4=agree
consequences (question 7) and 5=strongly agree
Expectation of negative consequences on natural I=strongly disagree, 2=disagree, 3=don’t know, 4=agree
resources(question 7) and 5=strongly agree
Agreement that increased employment is more 1=strongly disagree, 2=disagree, 3=don’t know, 4=agree
important than possible negative consequences. and 5=strongly agree
(question 8)
Agreement that improved healthcare is more 1=strongly disagree, 2=disagree, 3=don’t know, 4=agree
important than possible negative consequences. and 5=strongly agree
(question 9)
Agreement that improved transportation links are 1=strongly disagree, 2=disagree, 3=don’t know, 4=agree
more important than possible negative and 5=strongly agree
consequences. (question 10)
Agreement with the alternative statements on 1=strongly disagree, 2=disagree, 3=don’t know, 4=agree
overall views (question 11) and 5=strongly agree

4.1.3.4 Interview (questionnaire based)

The interview was conducted for the primary stakeholders. The questionnaire approach
was used for the primary stakeholders consisting mainly of local fishermen and farmers

on the South Coast as well as for the general public in the capital of the country.

4.1.3.5 Corporate bodies (face to face)

Face- to -face interviews were conducted with corporate and institutional stakeholders.
This approach took into account that gathering the views of an organization is more
appropriate through descriptive method interviews. This is because it is recognised that
being asked questions by a neutral listener is generally rewarding for respondents, since
it gives them more opportunity to explain situations and attitudes in their own words
rather than in a pre-determined format (Seale, 1998). The results of interviews with
corporate bodies’ interview are consolidated in Table 4.17 prior to the analysis of

individual cooporate views respectively.
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4.1.3.6 Sample size

The samples of respondents were collected from three selected south coast locations
(Suai Loro, Betano and Beaco) and also from the nation’s capital Dili. South Coast
respondents were residents of the villages (or neighbouring land) and members of the
local community of subsistence farmers and fishermen. Information was gathered to
allow the respondents to be grouped into categories according to location, occupation,
education and age so that trends in the patterns of responses could be investigated. The

sample size of respondents from each location is shown in Table 4.6.

Table 4.6. Summary of total respondents by location

Category of Stakeholder Number of Respondents
Locations :
Suai Loro 47
Betano 58
Beaco 31
Dili 27
Total 169

4.1.3.7 Data analysis

Questionnaire responses were converted to numeric values as outlined in Table 4.5.
Both multivariate and univariate techniques were used to investigate differences in
response patterns between groups of respondents based on location, occupation,
education and age. Multivariate techniques were applied using PRIMER software
(version 5.2.6 PRIMER-E Ltd.). Non-metric multidimensional scaling plots (nMDS)
were generated based on Bray-Curtis dissimilarities (Clarke et al., 1994). The
significance of differences between overall responses of groups was tested using
analysis of similarities (ANOSIM). To assess the significance of differences in
responses then univariate statistical tests were then employed. This assessed both
differences in response to various questions and differences between the responses of
respondent groups to a given question. Non-parametric tests were utilised using the
software SPSS. In order a situation where there were more than two distinct groups of
respondents (e.g. for comparing areas such as Suai Loro, Beaco, Betano and Dili) a
Kruskall-Wallis test was employed to establish if there was a significant difference

(P<0.05) in the responses of the respondent groups to a specific question.

If a significant difference was identified (P<0.05) pairwise Mann Whitney tests were used to

detect which of the respondent groups were significantly different. In order to minimise
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Type I errors the Bonferroni correction was applied when interpreting the results of the pairwise
tests. The new significant difference level was then calculated using the formula:

P<0.05/number of comparisons.

Data presented in Figure 4.2 to 4.11 shows the overall response pattern for all
respondents on all questions. These are presented in median responses and the error bars
denote the standard of the mean. The data is derived from the number of respondents

positioned on the column and against number of questions in the row.

Meanwhile data indicated in Figure 4.13 to 4.34 and the tables derived from Mann
Whitney (MW) results of the individual question categorise by locations and
occupations which are presented questions in median response and the error bars denote

standard of the mean.
Ethical Considerations

For any study that involves human participation, it is vital to consider ethical values. In
this study, it was important to recognise that the questionnaire respondents and
interviewees were affiliated to different stakeholders and thus it was essential to
consider how the research might affect their activities. Hence, the individual
respondents are not named or made identifiable in the final report. Prior to the
interview, the questionnaire was commented on by the Heriot Watt University Ethics
Committee. It was also established that participation in the study was entirely voluntary
and participants had the right to withdraw at any stage of the process. It was agreed that
the completed questionnaires would be kept with the researcher at the university until

the completion of the project and then destroyed.

4.2 Results
4.2.1 Characteristics of respondents

4.2.1.1 Interview (questionnaire based)

Stakeholders were categorised according to gender, age, education level, occupation and
location. Details of the composition of the respondent group in terms of these

categories are summarised in Table 4.7.
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Table 4.7. Result of respondents in percentage (%) by categories

Gender Male (M) 61%
Female (F) 39%

Age 18—-30y.0 40%
31-65y.0 60%

Education Never attended school (NE) 34%
Primary education (PE) 45%
Middle education (ME) 14%
Higher education (HE) 6%

Occupation Farmer & fishermen (FF) 47%
Farmer (F) 21%
Educators & white collar 17%
workers (EWCW)
Trade & service industries 15%
(TSI)

Locations Suai Loro (SL) 34%
Betano (BT) 30%
Beaco (BC) 19%
Dili (DL) 17%

Table shows that males comprised 61% of respondents. Most of the respondents were
between 31 — 65 years old (60%). In terms of educational level, those having received
only primary education made up 45% while 34% had no education. Only 14% had
attended high school with 6% attending higher school or tertiary education. Fishermen
and farmers made up the majority of respondents (68%), followed by educators and
white collars workers (17%) and those in the trade and service industries (15%). The
highest numbers of respondents were from Suai Loro (34%) and Betano (30%) with

fewer from Beaco (19%) and Dili (17%).

4.2.1.2 Corporate bodies (face to face)

These groups of stakeholders included corporate organizations, companies, NGOs,
INGOs, universities, research groups and government entities at national and local
level. In this study, a total of 26 corporate organisations were visited and contacted for

an interview, as shown in Table 4.8.

Table 4.8. List of corporate and institutions in number

Corporate stakeholders Category Number

Government National level 8
Local level 3

Service Providers Universities 3
Non-governmental organisations (NGOs) 7
International organisations 3

Oil Companies Oil companies 2

Total 26

Government entities made up the largest group in the corporate organisations, followed
by Non-governmental organisations (NGOs) while oil companies were the smallest

number in this group. Other corporate organizations, including universities and
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international environmental organisations were minor participants in this study as there

is only limited number of these organisations in the country.
4.2.2 Analysis of primary stakeholders’ responses

This sub-section presents overall response patterns based on all respondents.
Subsequent subsections will examine the differences between the responses of distinct
categories of respondents. The graphs presented are based on groups of questions on
distinct topics. These topics include the importance of natural resources, the importance
of livelihoods, the degree of satisfaction with basic infrastructure, expectations of social
or environmental consequences and the relative importance placed on the benefits
compared to undesirable consequences of development of the oil industry. The graphs
show the percentage of respondents giving each particular response (‘strongly disagree’,
‘disagree’, ‘and don’t know’, ‘agree’ and ‘strongly disagree’ for each question posed.
Non-parametric statistical tests (see section 4.1.3.7) were employed to detect differences
between the median responses given for different questions. Results presented in the

following section are generated based on the raw dataset.
4.2.2.1 Overall views on the importance of existing natural resources

The overall responses in Figure 4.2 show that the majority of respondents regarded most
of the listed natural resources as important. The exceptions were coastal erosion and
pollution of which a significant number of respondents disagreed that these were

important issues.
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Figure 4.2. Overall response pattern for all respondents on importance of natural resources (Letter coding
denotes statistically significant (P<0.05) difference between questions in median response. Those which
share at least one letter are not significantly different). Error bars denote standard error of the mean.

The majority of respondents strongly agreed that coastal breeding areas and coral reefs

are important habitats. The majority agreed or strongly agree that it is important that the

seabed remains in pristine condition and that mangrove forest, intertidal habitats,

fringing reefs and migratory species were important. However moderate proportions

(30% and 33%) of respondents were uncertain if fringing reefs and migratory species

are important. The majority of respondent also disagreed that coastal erosion (67%) and

coastal pollution (53%) were important.

4.2.2.2

Overall responses pattern on the importance livelihoods sectors

The overall responses in Figure 4.3 demonstrate that all of the listed livelihood sectors

were regarded as important by the majority of respondents. This was particularly the

case for port and maritime transportation as potential important future activities.
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Figure 4-3. Overall response pattern for all respondents on importance of livelihoods sectors (Letter
coding denotes statistically significant (P<0.05) difference between questions in median response. Those
which share at least one letter are not significantly different). Error bars denote standard error of the

mean.

While the majority of respondents agreed or strongly agreed that agricultural, fishing
and tourism activities were important, there was a small proportion (12% and 8%) of
respondents who disagreed that fishing and agriculture activities were important, with
only a small proportion (11%) uncertain about the importance of tourism. There was
moderate agreement on the importance of handicrafts and the building and construction
sector, although a significant proportion (26%) disagreed that handicrafts were
important and one-third didn’t know whether the building and construction sector was

important.

4.2.2.3  Overall responses pattern on satisfactions with infrastructure.

The majority of respondents regarded the basic infrastructure as ‘totally inadequate’ or
‘poor’, particularly access to employment opportunities, available business

opportunities, energy supply and water sanitation services.
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Figure 4.4. Opverall response pattern for all respondents on degree of satisfaction with infrastructure
(Letter coding denotes statistically significant (P<0.05) difference between questions in median response.

Those which share at least one letter are not significantly different). Error bars denote standard error of
the mean.

However, there were a moderate proportion of respondents who regarded transportation
links, basic education services and basic health services as adequate (38%, 23% and

28% respectively).

4.2.2.4  Overall responses on expectation of positive social consequences of

development

The majority of respondents expected positive social consequences from the
development of the oil industry albeit, with some uncertainty on the likely benefit to

basic educational services (Figure 4.5).
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Figure 4.5. Overall response pattern for all respondents on expectation of positive social consequences of
development (Letter coding denotes statistically significant (P<0.05) difference between questions in
median response. Those which share at least one letter are not significantly different). Error bars denote
standard error of the mean.

The vast majority strongly agreed that development was likely to improve employment
opportunities, have positive economic impacts and provide additional energy. The
majority of also believed it would have a beneficial effect on basic education, health
services, create new business opportunities, lead to better transportation links and
improve water sanitation, although a small proportion were uncertain if this would
happen and a significant proportion (39% and 18%) were not sure of the effect on

education services or the creation of new business opportunities.

4.2.2.5 Overall response patterns on expectations of negative

environmental consequences of development.

The majority of respondents expected undesirable environmental consequences from the
development of the oil industry with over 80% strongly believing it would lead to the

destruction of breeding and spawning habitats of fish (Figure 4.6).
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Figure 4.6. Overall response patterns for all respondents on expectations of environmental

consequences of development (Letter coding denotes statistically significant (P<0.05)

difference between questions in median response. Those which share at least one letter are not

significantly different). Error bars denote standard error of the mean.

The vast majority of respondents strongly agreed that destruction of breeding and
spawning habitats was likely. The majority also agreed or strongly agreed that
destruction of coral reefs, destruction of fringing reefs, alteration of intertidal habitats
and alteration of seabed conditions was likely. Most respondents also agreed or strongly
agreed that mangrove deforestation, increased pollution in coastal areas and
disturbances to migratory species were likely. However, a moderate proportion of
respondents disagreed that mangrove deforestation was likely (33%) and that increased
pollution was likely (28%). While a high proportion (46%) of respondents were
uncertain about the likelihood of disturbances to migratory species, most though that

coastal erosion was unlikely to occur.
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4.2.2.6  Overall response patterns on expectations of negative social

consequences of development

Most respondents either agreed or strongly agreed that there was likely to be a reduction
in fish stocks, and an increase in health risks due to pollution as well as an increase in

the population of migrant workers (Figure 4.7).
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Figure 4.7. Overall response patterns for all respondents on expectations of negative social consequences
of development (Letter coding denotes statistically significant (P<0.05) difference between questions
in median response. Those which share at least one letter are not significantly different). Error bars denote
standard error of the mean.

The vast majority of respondents agreed or strongly agreed that reduction in fish stocks,
increased population of migrant workers and increased health risks due to pollution
were likely. Response patterns were less clear regarding views on the likelihood of loss
of potential developing tourists industry, damage the land for future generation to use,
reduction in productivity of agricultural land due to pollution, damage to cultural sites
and increased job losses. A moderate proportion of respondents were uncertain of the
impact on tourist industry development (39%) and what damage it may cause to the
land for future generations (72%), while a high proportion of respondents disagreed that
reduction in productivity of agricultural land due to pollution (52%), damage to cultural

sites (68%) and increased job losses (48%) was likely.
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4.2.2.7 Overall responses on the relative importance of employment

opportunities compared with listed negative consequences.

Figure 4.8 shows that the majority of respondents believed that increased employment
opportunities were more important than most of the listed negative consequences. The
issues of increased pollution and associated health risks were an exception and
respondents disagreed that increased employment was more important than these

negative consequences.
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Figure 4.8. Overall response patterns for all respondents on whether the benefit of increased employment
outweighs the listed negative consequences (Letter coding denotes statistically significant (P<0.05)
difference between questions in median response. Those which share at least one letter are not
significantly different). Error bars denote standard error of the mean.

Vast majority of respondents agree or strongly agree that an increase of employment
opportunities is more important than damage to seabed in general, damage to intertidal
habitats in general, damage to coral reefs, damage to mangroves, reduction in fish
stocks, damage to agricultural land and loss of potential for developing tourist industry.
Although the majority of respondents also agree that an increase of employment
opportunities is more important than increased population migrant workers and damage
to cultural sites a small proportion of respondents have different views and disagree on

these points (migrant workers 19% and cultural sites 18%). The majority of respondents
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disagree that an increase of employment opportunities is more important than increased

coastal pollution and increased health risk due to pollution.

4.2.2.8 Overall responses on the relative importance of healthcare

compared to listed negative consequences.

Figure 4.9 demonstrates that the majority of respondents agreed that improvements in
healthcare are more important than most negative consequences. However, a large
proportion (85%) disagreed that improved health care would outweigh possible

increased coastal pollution and increased job losses.
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Figure 4.9. Overall response patterns for all respondents on whether the benefit of improved healthcare outweighs the
listed negative consequences (Letter coding denotes statistically significant (P<0.05) difference between questions in
median response. Those which share at least one letter are not significantly different). Error bars denote standard
error of the mean.

The vast majority of respondents strongly agreed that improved healthcare was more
important than damage to the seabed, intertidal habitats, coral reefs and mangroves or
decline in the fishing industry. The majority of respondents also strongly agreed that
improved healthcare is more important than damage to agricultural land, loss of
potential for tourist industry development and damage to cultural sites. However, a
small proportion held differing views, disagreeing that improved healthcare was more
important than damage to agricultural land (16%), loss of potential for tourist industry

development (13%) and damage to cultural sites (26%). The majority of respondents

110




(>85%) disagreed that improved basic healthcare services was more important than

increased pollution and job losses.

4.2.2.9 Overall responses on the relative importance of improvements to

transportation links compared tolisted negative consequences.

Figure 4.10 shows improved transportation links were considered more important than
most of the possible negative environmental consequences for the majority of
respondents. However, 93 % of respondents did not agree that it would compensate for

the risk of increased coastal pollution and pollution related health risks.
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Figure 4.10. Overall response patterns for all respondents on agreement that the benefit of improved
transportation links outweighs the listed negative consequences (Letter coding denotes statistically
significant (P<0.05) difference between questions in median response. Those which share at least one
letter are not significantly different). Error bars denote standard error of the mean.

The vast majority of respondents strongly agreed that improved transportation links
were more important than damage to the seabed, intertidal habitats, coral reefs,
mangroves, and agricultural land. This also outweighed a decline in the fishing industry
and loss of potential for tourist industry development. The majority of respondents also
strongly agreed that improved transportation links were more important than damage to
cultural sites and increased population of migrant workers. However, a small proportion
disagreed that improved transportation links was more important than damage to

cultural sites (16%) and an increased population of migrant workers (27%). The
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majority of respondents (>93%) disagreed that improved transportation links were more

important than increased coastal pollution and pollution-related health risks.

4.2.2.10 Overall response patterns of views on the likelihoods of oil refinery

development

Figure 4.11 clearly shows respondents desire for development to proceed, provided that
reasonable steps are taken to protect the environment. A very high proportion (almost
100%) disagreed with the suggestion that the development should be avoided altogether

due to potential environmental harm.
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Figure 4.11. Overall response patterns on the likelihoods of oil refinery development on the South Coast
of East Timor. (Letter coding denotes statistically significant (P<0.05) difference between questions in
median response. Those which share at least one letter are not significantly different). Error bars denote
standard error of the mean.

A significant proportion (over 40%) of respondents disagreed with the proposition that
it is very important that development proceeds and that environmental issues are

minimal and should be disregarded.

In summary, the general view is that the environment is important; particularly the
components that have economic value (e.g. fish breeding grounds).
Unsurprisingly,while the main existing livelihood sectors of fishing and farming were
regarded as important so too are the potential future sectors of ports and maritime

activities. There is general dissatisfaction with the existing provision of socio-economic
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services, particularly regarding employment and business opportunities. There is a
trend of expectation that oil development will yield a range of positive socio-economic
outcomes and a range of negative outcomes that are mostly environmental in nature.
The overall picture is that the majority of respondents believe that in general the
positive outcomes of oil development outweigh the risks of environmental harm.
However, the issues of increased pollution and human health risk due to pollution are an
exception and most respondents indicated that they would not be prepared to accept
these negative consequences despite the socio-economic benefits of oil development.
The respondents are unanimous in agreeing that oil development should go ahead with

‘reasonable’ steps taken to protect the environment.

4.2.3 Comparison of response pattern of different categories of
respondents.

In this section the views of respondents in different categories (location, occupation,
education and age) are compared. Differences in the pattern of responses to groups of
questions (these groups consist of the subsets of related questions, although the analysis
is also run on the entire dataset of responses) are explored using multivariate techniques
(MDS, see section 4.1.3.7 methods). Differences in responses to individual questions

are assessed using non-parametric statistical tests (see section 4.1.3.7).
4.2.3.1 Comparisons of patterns of response based on all questions

A comparison of locations based on responses given to all questions revealed some
evidence of differences in the pattern of responses received from the different locations
(Figure 4.12). This was most pronounced in the responses from Suai Loro which were
reasonably distinct from the other regions. Responses from the other locations showed
some degree of overlap, but these remained in moderately discrete groups. ANOSIM
results (table 4.9) supported this interpretation, with moderately high (>0.7) R values

distinguishing Suai Loro respondents from both Betano and Dili.
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Figure 4.12 MDS plots on the overall views of stakeholders from different locations based on all

questions.

Table 4.9 ANOSIM results summary for comparison between locations. The table shows R- statistics for

the ANOSIM comparison significance level is <5% in all cases.

Locations Beaco Betano Suai Loro Dili

Beaco -

Betano 0.39 -

Suai Loro 0.45 0.71 -

Dili 0.51 0.47 0.76 -

Occupation Farmer Fishermen- Educational and | Trade and

farmer white collar services industry
workers (TSD
(EWCW)

Farmer -

Fishermen- 0.04 -

farmer

Educational and 0.02 0.09 -

white collar

workers

(EWCW)

Trade and 0.31 0.19 0.34 -

service industry

(TSI)

Education Never attended | Primary Middle Higher education
school education education

Never attended
school

Primary
education

-0.01
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Locations Beaco Betano Suai Loro Dili
Middle 0.09 0.04 -
education
I Higher education 0.09 -0.02 -0.02 -

I Age & Gender

Male>30

Male<30

Female>30

Female<30

Male<30 -0.00

Female>30 -0.07 -0.01

Female<30 0.01 0.02 -0.01

The results of ANOSIM comparisons in Table 4.9 show no convincing evidence of a

difference in response patterns based on occupation, education, age or gender.

4.2.3.2 The existing natural and social environment

a. Responses relating to the importance of natural resources.

The MDS and ANOSIM analysis demonstrated no evidence of differences in overall
responses to this set of questions between categories of location, occupation, education
and gender. No significant differences were detected between the responses from
education and age/gender categories. The MDS and ANOSIM analysis also
demonstrated no evidence of differences in overall responses to this set of questions
between categories of location, occupation, education and age/gender. However,
univariate tests indicated some differences between location and occupation categories.
No significant differences were detected between the responses from education, age and

gender categories (Figure 4.9).

The statistical tests indicated that some regional differences in responses existed for
every question posed. Main general trends included a relatively high proportion of
‘don’t know’ responses from Dili whereas respondents from the other regions tended to
have more firmly established views on the questions. Respondents from Suai Loro
appeared to have more firmly established views (i.e. strongly agree) on the importance

of certain resources than is the case in other regions.
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Figure 4.13 MW results on the importance of existing natural resources on the South Coast by location
(Note: for each question columns sharing a letter code are not significantly (P<0.05) different. If
the columns do not share one letter in common they are significantly different). Error bars

denote standard error of the mean.

Beaco, Suai Loro and Betano were broadly similar in terms of their responses on the
importance of most natural resources (i.e. ‘agree’ or ‘strongly agree’). The exception
was coastal erosion and coastal pollution where ‘disagree’ responses were given in all
three locations that these issues were important. Respondents from Suai Loro tended to
give ‘strongly agree’ responses to more of the questions than those in Beaco and
Betano. Dili respondents provided a ‘don’t know’ response to more of the questions
than was the case in Suai Loro and Beaco. They also tended to give fewer ‘agree’ or

‘strongly agree’ question responses than those in Suai Loro, Beaco and Betano.

Table 4.9.1 Mangrove forests are important habitats

Strongly Disagree Don't know Agree Strongly

disagree agree
Beaco 0 0 0 90 10
Suai Loro 0 0 0 6 94
Betano 0 0 2 83 15
Dili 0 0 0 67 33
Responses from Suai Loro differ due to a very high proportion of ‘strongly

agree’responses compared to the other three categories Dili responses differ due to an
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intermediate proportion of ‘strongly agree’ responses whereas Betano and Beaco gave

similar responses with a relatively low level of ‘strongly agree’ responses.

Table 4.9.2 Intertidal zones are important habitats

Strongly

disagree Disagree Don't know Agree Strongly agree
Beaco 0 0 6 81 13
Suai Loro 0 0 0 38 62
Betano 0 0 6 41 54
Dili 0 0 37 33 30

Responses from Suai Loro and Betano are similar and are characterised by a relatively

high proportion of ‘strongly agree’ responses. Beaco differs because the majority of

responses fall in the ‘agree’ category while Dili responses differ due to a relatively high

proportion of ‘don’t know’ responses.

Table 4.9.3 Fringing reefs are important habitats

Strongly Strongly

disagree Disagree Don't know Agree agree
Beaco 0 3 19 71 6
Suai Loro 0 0 11 51 38
Betano 0 0 33 28 39
Dili 0 0 70 30 0

Responses from Suai Loro differ due to a relatively high proportion of ‘strongly agree’

responses and a relatively low proportion of ‘don’t know’ responses. Betano and Beaco

responses are not significantly different despite the apparent difference in the response

data. This is because, although there is a higher proportion of ‘strongly agree’

responses in Betano this is balanced by a high proportion of ‘don’t know’ responses.

Dili responses differ from the other locations because the majority provided of

responses fall into ‘don’t know’ responses.

Table 4.9.4 Coastal areas are important habitats for fish breeding and spawning

Strongly Strongly

disagree Disagree Don't know | Agree agree
Beaco 0 0 0 13 87
Suai Loro 0 0 11 9 81
Betano 0 0 6 7 87
Dili 0 0 15 41 44

There is no significant difference in responses from Suai Loro, Betano or Beacho with

all three showing a very high proportion of responses in the ‘strongly agree’ category.
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Responses from Dili differ in that they show a lower proportion of responses in the

‘strongly agree’ category.

Table 4.9.5 Coastal erosion is an important issue

Strongly Strongly

disagree Disagree Don't know Agree agree
Beaco 0 87 10 3 0
Suai Loro 0 77 13 11 0
Betano 0 63 13 24 0
Dili 0 33 52 15 0

Responses from Beaco and Suai Loro are not significantly different from each other and

are characterised by a high proportion of ‘disagree’ responses .

Betano and Dili

responses differ from the other regions, but are not significantly different from each

other despite the apparent difference in the response data. This is because although

there is a higher proportion of ‘disagree’ responses in Betano this is also balanced by a

moderately high proportion of ‘agree’ responses. Dili responses are characterised by a

high proportion of ‘don’t know’ responses.

Table 4.9.6 Coastal pollution is important issue

Strongly Strongly

disagree Disagree Don't know Agree agree
Beaco 0 55 26 19 0
Suai Loro 2 66 11 19 2
Betano 0 59 20 20 0
Dili 0 19 26 48 7

There is no significant difference in responses from Suai Loro, Betano or Beaco with all

three showing a high proportion of responses in the ‘disagree’ category although this is

counterbalanced by significant numbers of responses in the ‘don’t know’ and ‘agree’

categories.

responses in the ‘agree’ category.

Table 4.9.7 Coral reefs are an important issue

Responses from Dili differ in that they show a higher proportion of

Strongly Strongly

disagree Disagree Don't know Agree agree
Beaco 0 0 0 19 81
Suai Loro 0 0 6 15 79
Betano 0 4 0 15 81
Dili 0 22 0 59 19
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There is no significant difference in responses from Suai Loro, Betano or Beaco, with
all, three showing a very high proportion of responses in the ‘strongly agree’ category.
Responses from Dili differ in that they show a lower proportion of responses in the
‘strongly agree’ category and a signify cant proportion of responses in the ‘disagree’

category .

Table 4.9.8 it is important that the seabed conditions remain in pristine condition.

Strongly Strongly

disagree Disagree Don't know Agree agree
Beaco 0 3 0 42 55
Suai Loro 0 0 0 49 51
Betano 0 0 4 59 37
Dili 0 11 44 26 19

There is no significant difference in responses from Suai Loro, Betano or Beaco with all
three showing responses falling in almost equal proportions in either the ‘agree’ or
‘strongly agree’ categories. Responses from Dili differ in that they show a lower

proportion of ‘agree’ and a relatively high proportion of responses in the ‘don’t know’

categories.

Table 4.9.9 Protection of migratory species is important

Strongly Strongly

disagree Disagree Don't know Agree agree
Beaco 0 6 19 71 3
Suai Loro 0 0 28 72 0
Betano 0 2 37 61 0
Dili 0 0 52 41 7

There is no significant difference in responses from Suai Loro, Betano or Beaco with all
three showing a high proportion of responses in the ‘agree’ category although this is
balanced by a significant proportion in the ‘don’t know’ category. Responses from Dili

differ in that they show a higher proportion of responses in the ‘don’t know’ category.

b.Responses relating to the importance of natural resources by occupations.

The MDS and ANOSIM analysis demonstrated no evidence of differences in overall
responses to this set of questions between categories of occupation. However, univariate
tests indicated some differences between occupation categories in responses to

individual questions.
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Respondents in most occupations agreed or strongly agreed on the importance of the
natural environment, although a relatively high proportion disagreed that attached
coastal erosion and increased coastal pollution were important issues (as demonstrated

in Figure 4.14).
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Figure 4.14 MW results on the importance of existing natural resources on the South Coast by
occupation. (Note: for each question columns sharing a letter code are not significantly (P<0.05)
different. If the columns do not share one letter in common they are significantly different). Error bars
denote standard error of the mean.

Farmers and fishermen-farmers were broadly similar in terms of their responses and
tended to ‘agree’ or ‘strongly agree’ on the importance of most natural resources. The
exceptions were coastal erosion and coastal pollution where both groups tended to
‘disagree’ that these were important. The fisherman-farmer group tended to give
‘strongly agree’ responses to more of the questions than those in the farmer group. The
EWCW and TSI groups gave a ‘don’t know’ response to more of the questions than was
the case for the farmer and fishermen-farmer groups. They also tended to give fewer
‘agree’ or ‘strongly agree’ question responses than the farmer and fishermen-farmer

groups; this is particularly the case for TSI.
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Table 4.9.10 Mangrove forests are important habitats

Strongly

disagree Disagree Don't know Agree Strongly agree
Farmers 0 0 3 59 38
Fishermen
-Farmer 0 0 0 62 38
EWCW 0 0 0 67 33
TSI 0 0 0 42 58

There is no significant difference in responses from farmers (F),fishermen-farmer (FF),

educators and white collar workers (EWCW) and trade and service industries (TSI),

with all four giving a moderate proportion of responses in the “ strongly agree”

category.

Table 4.9.11 Intertidal habitats are important

Strongly Don't Strongly
disagree Disagree know Agree agree
Farmers 0 0 6 62 32
Fishermen -
Farmers 0 0 4 41 55
EWCW 0 0 20 44 36
TSI 0 0 0 58 42

Responses from fisherman-farmers and EWCW are similar and are characterised by a

relatively high proportion of responses in the ‘strongly agree’ category. Responses

from farmers differ in that they show a higher proportion of 'agree' responses. TSI differ

in that they show a relatively low proportion of responses in the 'don't know' category.

Table 4.9.12 Fringing reefs are important habitats

Strongly Don't Strongly
disagree Disagree know Agree agree
Farmers 0 3 47 44 6
Fishermen-
Farmers 0 0 12 42 46
EWCW 0 0 70 30 0
TSI 0 0 17 63 21

Responses from fishermen-farmers differ from other categories due to a relatively high

proportion of ‘strongly agree’ responses and a low proportion of ‘don’t know’ responses

(relative to EWCW and TSI). EWCW and farmer responses are not significantly
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different despite the apparent differences in the response data. This is because although
farmers give a higher proportion of ‘agree’ and ‘strongly agree’ responses, this is
balanced by a higher proportion of ‘don’t know’ responses among EWCW. TSI
responses differ from EWCW and farmers due to a very high proportion of ‘don’t

know’ responses.

Table 4.9.13 Coastal areas are important habitats for breeding and spawning habitats

Strongly disagree | Disagree | Don't know | Agree | Strongly agree
Farmers 0 0 6 26 68
Fishermen —
Farmers 0 0 3 3 95
EWCW 0 0 15 41 44
TSI 0 0 17 4 79

Responses from fishermen-farmers differ from the other categories due to a higher
proportion of ‘strongly agree’ responses. Farmers, EWCW and TSI are not
significantly different despite apparent differences in the response data, with farmers

and TSI having the most responses in the ‘strongly agree’ category of the three groups

whereas EWCW responses are equally split between ‘agree’ and ‘strongly agree’.

Table 4.9.14 Coastal erosions an important issue

Strongly Don't Strongly
disagree Disagree know Agree agree
Farmer 0 76 24 0 0
Fishermen —
Farmer 0 82 7 11 0
EWCW 0 33 52 15 0
TSI 0 42 13 46 0

Similar responses are seen in the fishermen-farmers and farmer categories which are
distinct from those of the other groups in that they show a higher proportion of
responses in the ‘disagree’ category. The responses from EWCW and TSI are not
significantly different to each other despite some apparent differences in the response
data. TSI give an almost equal number of responses in the ‘agree’ and ‘disagree’

categories whereas EWCW give the majority of responses in the ‘don’t know’ category.

122



Table 4.9.15 Coastal pollution is an important issue

Strongly Strongly

disagree | Disagree | Don't know Agree agree
Farmers 0 68 21 9 3
Fishermen - Farmers 0 66 16 16 0
EWCW 0 19 26 48 7
TSI 0 33 21 46 0

There is no significant difference in the responses from farmers and fishermen-farmers

which are distinct from those of the other groups in that they show a high proportion of

responses in the ‘disagree’ category. The responses from EWCW and TSI are not

significantly different to each other and in both cases most of the responses are in the

‘agree’ category although there are also a large number of ‘disagree’ and ‘don’t know’

responses.

Table 4.9.16 Coral reefs are important habitats

Strongly
Strongly disagree Disagree Don't know Agree agree
Farmer 0 0 6 26 68
Fishermen -
Farmer 0 3 0 8 89
EWCW 0 12 2 42 44
TSI 0 0 4 25 71

Responses from EWCW differ from the other groups due to a relatively low proportion

of ‘strongly agree’ responses as well as a relatively high proportion of ‘disagree’

responses. Responses from farmers and fishermen-farmers are significantly different

from each other due to a higher proportion of ‘strongly agree’ responses in the

fishermen-farmer group. TSI is not significantly different from either of these groups

and shows a very similar response pattern to the farmer group.

Table 4.9.17 Seabed should remains in pristine condition

Strongly Don't Strongly
disagree Disagree know Agree agree
Farmers 0 0 3 47 50
Fishermen -
Farmers 0 1 1 54 44
EWCW 0 14 44 26 19
TSI 0 0 0 54 46

There is no significant difference in responses from farmers, fishermen-farmers and TSI

with all three that they gave a high proportion of responses in the ‘strongly agree’ and
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‘agree’ categories. EWCW are distinct in having a high proportion of 'don’t know’

responses.

Table 4.9.18 it is important to protect migratory species

Strongly Don't Strongly
disagree Disagree know Agree agree
Farmers 0 0 50 50 0
Fishermen —
Farmers 0 3 22 74 1
EWCW 0 0 52 41 7
TSI 0 4 25 71 0

There is no significant difference in responses from any of the groups and the majority

of responses fall in the ‘agree’ and ‘don’t know’ categories.

Responses relating to the importance of livelihood sectors by locations.

The MDS and ANOSIM analysis demonstrated no evidence of differences in overall
responses to this set of questions between categories of location. However, univariate

tests indicated some differences between location categories.

Respondent’s views on the importance of livelihood sectors to the local economy in the

community are presented in the MDS plot in figure 4.15.
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-] .
o Suai Loro
&
I Betano
. Dili

Figure 4.15 MDS results on the future importance of socio-economic sectors to the

economy in the community based on location.
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MDS ordination, shown in Figure 4.15, indicates some degree of grouping of responses
from Dili residents. Respondent views from other areas are scattered and there appears

to be no clear pattern.

ANOSIM TESTS (Pairwise Tests)

Table 4.10 ANOSIM Suai Loro test on locations

Groups Number R Statistics Significance Level %
Observed

Beaco, Suai Loro 0.088 1.3

Beaco, Betano -0.026 71.8

Beaco, Dili 0.458 0.1

Suai Loro, Betano 0.065 0.1

Suai Loro, Dili 0.308 0.1

Betano, Dili 0.218 0.1

While the pairwise test results shown in Table 4.10 indicate some differences between
the responses of Dili residents and those of other areas, the R statistics values are low,

so the differences are not pronounced.

At all locations the respondents tended to ‘agree’ or ‘strongly agree’ that the livelihood
sectors were important although in Dili there is a lower proportion of ‘strongly agree
responses than in the other locations. The only exception to the general trend of
agreement was at Suai Loro where a significant proportion of respondents ‘disagree’

that handicrafts are important.
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Figure 4.16 MW results on the livelihood sectors by locations. (Note: for each question, columns sharing
a letter code are not significantly (P<0.05) different. If the columns do not share one letter in common
they are significantly different). Error bars denote standard error of the mean.

Suai Loro, Beaco and Betano were largely alike in terms of their responses and tended
to ‘agree’ and ‘strongly agree’ on the importance of most of the livelihood sectors. For
the handicrafts and building and construction where both groups ‘don’t know’ and
‘disagree’ that these are important. Responses from the Suai Loro and Beaco tend to
give ‘strongly agree’ responses to more of the questions than is the case for the Betano
group. The Dili group tended to give ‘strongly agree’ and ‘agree’ responses to questions

than Suai Loro and Beaco respectively.

Table 4.10.1 Fishing is as an important activity

Strongly Disagree Don't know Agree Strongly

disagree agree
Beaco 0 3 0 13 84
Suai Loro 0 15 0 23 62
Betano 0 15 0 26 59
Dili 0 11 15 63 11

There is no significant difference in responses from Suai Loro, Betano or Beaco with all
three providing a high proportion of responses in the ‘strongly agree’ category.
Responses from Dili differ in that they show a lower level of agreement and a relatively

high proportion of responses in the ‘don’t know’ category.
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Table 4.10.2 Agricultural activity is important

Strongly

disagree Disagree Don't know Agree | Strongly agree
Beaco 0 0 0 13 87
Suai Loro 0 15 0 11 74
Betano 0 9 0 7 83
Dili 0 0 22 63 15

There is no significant difference in responses from Suai Loro, Betano or Beaco with all

three showing a very high proportion of responses in the ‘strongly agree’ category.

Responses from Dili differ in that they show a lower level of agreement and a relatively

high level of responses in the ‘don’t know’ category.

Table 4.10.3 Handicrafts are important to the economy

Strongly Strongly
disagree Disagree | Don't know Agree agree
Beaco 0 19 16 52 13
Suai Loro 0 47 19 32 2
Betano 0 20 13 52 15
Dili 0 7 7 48 37

There is no significant difference in responses from Beaco, Betano or Dili. Opinions

are split at all three locations with responses ranging from ‘disagree’ to ‘strongly agree’.

On balance, the majority ‘agree’ and Dili residents give a relatively high proportion of

‘strongly agree’ responses. Responses from Suai Loro differ in that there was a lower

level of 'strongly agree' responses and a relatively high proportion of responses in the

‘disagree’ category.

Table 4.10.4 Building and constructions are important sectors

Strongly Strongly
disagree Disagree | Don't know Agree agree
Beaco 0 3 52 45 0
Suai Loro 0 23 19 53 4
Betano 0 9 31 43 17
Dili 0 4 37 48 11

There is no significant difference in responses from Beaco, Betano, Suai Loro and Dili.

Opinions are split at all four locations with responses mainly falling in the ‘don’t know’

or ‘agree’ categories.

responses.
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Table 4.10.5 Port and maritime transportation are potential future potential activities

Strongly Strongly
disagree Disagree | Don't know Agree agree
Beaco 0 0 0 35 65
Suai Loro 0 0 0 2 98
Betano 0 0 2 4 94
Dili 0 0 0 19 81

The majority of responses from all locations fall in the ‘strongly agree’ category.

However Beaco differs from Suai Loro and Betano due to a slightly lower proportion of

‘strongly agree’ responses.

Table 4.10.6 Tourism is potential future potential activity

Strongly Strongly
disagree Disagree | Don't know Agree agree
Beaco 0 0 10 26 65
Suai Loro 0 0 15 68 17
Betano 0 2 9 44 44
Dili 0 0 11 78 11

Responses from Beaco and Betano are similar and are characterised by a relatively high
proportion of ‘strongly agree’ responses which distinguishes these locations from other

three areas where the majority of responses fall in the ‘agree’ category.

Responses relating to the livelihood sectors by occupation

The MDS and ANOSIM analysis demonstrated no evidence of differences in overall
responses to this set of questions between categories of occupation. However,
univariate tests indicated some differences between occupation categories in the

responses to individual questions.

Although respondents in most occupations agreed or strongly agreed on the importance
of the livelihood sectors there were differences in the relative importance attached to

those in each occupation (see Figure 4.17).
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Figure 4.17 Livelihood sectors by occupations. Note: for each question, columns sharing a letter code
are not significantly (P<0.05) different. If the columns do not share one letter in common, they are
significantly different). Error bars denote standard error of the mean.

Farmers and fishermen-farmers groups provided similar response and tended to ‘agree’
or ‘strongly agree’ on the importance of most of the livelihood sectors. The exceptions
were handicrafts and building and construction for which both groups split their
responses between the two ‘disagree’ and don’t know’ categories. The fishermen-
farmers group tended to give ‘strongly agree’ responses to more of the questions than
those in the case for the farmer group. The EWCW and TSI groups gave ‘disagree’

responses to more of the questions than was the case for farmers and fishermen-farmers.

Table 4.10. 7 Fishing is an important activity

Strongly Strongly
disagree Disagree Don't know Agree agree
Farmers 0 12 0 56 32
Fishermen
- Farmers 0 0 0 11 89
EWCW 0 11 15 63 11
TSI 0 50 0 8 42

Responses from fishermen-farmers differ from other groups due to a relatively high

proportion of ‘strongly agree’ responses.

The other groups are not significantly

different from each other despite the apparent differences in the response data. In the
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case of farmers and EWCW, the majority of responses are in the ‘agree’ category
whereas most of the TSI responses are split between ‘disagree’ and ‘strongly agree’

categories.

Table 4.10.8 Agricultural activity is important

Don't Strongly
Strongly disagree Disagree know Agree agree
Farmers 0 0 0 6 94
Fishermen —
Farmers 0 0 0 11 89
EWCW 0 11 15 63 11
TSI 0 50 0 8 42

There is no significant difference in the responses from the fishermen-farmers and
farmergroups with both showing a high proportion of responses in the ‘strongly agree’
category. Responses from EWCW and TSI are distinct from the other two groups, but
not from each other despite apparent differences in the response data. EWCW has a

high proportion of responses in the ’agree’ category, whereas most of the TSI responses

are split between the ‘disagree’ and ‘strongly agree’ categories.

Table 4.10.9 Handicrafts are important to the economy

Don't
Strongly disagree | Disagree know Agree Strongly agree
Farmers 0 38 12 41 9
Fishermen -
Farmers 0 31 19 41 9
EWCW 0 7 7 48 37
TSI 0 13 13 63 13

EWCW differ from the fishermen-farmers and farmers groups, with the majority of
responses falling in the ‘agree’ or ‘strongly agree’ categories. The remaining groups are
not significantly different from each other and none show a clear consensus of views on
this question. In all cases, the majority of responses are in the ‘agree’ category but there

are also a significant proportion of responses in the ‘disagree’ category.

130



Table 4.10.10 Building and construction are important sectors

Strongly Don't Strongly
disagree Disagree | know Agree agree
Farmers 0 21 29 41 9
Fishermen —
farmers 0 14 39 46 1
EWCW 0 4 37 48 11
TSI 0 0 13 58 29

TSI differ from the fishermen-farmer and farmer groups due to a higher proportion of
‘strongly agree’ responses and a lower proportion of responses in the ‘disagree’ and
‘don’t know’ categories. The remaining groups are not significantly different from each
other and show a general trend of agreement on this question. However fishermen-
farmer and farmer groups have a higher proportion of responses in the ‘disagree’

category.

Table 4.10.11 Port and Maritime transportation is a potential future activity

Strongly Don't Strongly
disagree Disagree | know Agree agree
Farmers 0 0 0 15 85
Fishermen —
farmers 0 0 1 8 91
EWCW 0 0 0 19 81
TSI 0 0 0 13 88

There is no significant difference in the response between any of the occupation groups,

with the majority of responses from all locations falling in the ‘strongly agree’ category.

Table 4.10.12 Tourisms as potential future activity

Strongly Don't Strongly

disagree | Disagree | know Agree agree
Farmers 0 0 9 47 44
Fishermen — farmers 0 1 14 46 39
EWCW 0 0 11 78 11
TSI 0 0 8 58 33

There is no significant difference in the responses between any of the occupation
groups, with the majority of responses from all locations falling in the ‘agree’ or

‘strongly agree’ categories.
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Responses on the degree of satisfaction with the provision of infrastructure

services.

The analysis with MDS and ANOSIM showed no evidence of differences in overall
views between categories of area, occupation, education, gender and age. However, the
Mann-Whitney (MW) test indicated differences in responses to individual sub-

questions.

Respondents in most locations indicated that the provision of infrastructure services
were totally inadequate or poor although there were differences in the relative

importance attached to them in each location (Figure 4.18).
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Figure 4.18. MW results on degree of satisfactions on the provision of infrastructure services by
locations. Note: for each question, columns sharing a letter code are not significantly (P<0.05) different.
If the columns do not share one letter in common they are significantly different). Error bars denote
standard error of the mean.

Betano seemed to have greater levels of dissatisfaction with many services with
exception of transportation links than was the case in Suai Loro, the exception being

transportation links.
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Table 4.10.13 Existing water sanitation

Totally
Excellent Good Adequate Poor inadequate
Beaco 0 0 0 48 52
Suai Loro 0 0 4 60 36
Betano 0 0 0 17 83
Dili 0 0 0 33 67

Responses from Betano differ from those from Beaco and Suai Loro due to a higher

proportion of ‘totally inadequate’ responses. There are no other significant differences

between the responses of the groups and the vast majority give responses of ‘poor’ or

‘totally inadequate’ regardless of location.

Table 4.10.14 Energy supply (e.g. Electricity)

Totally
Excellent Good Adequate Poor inadequate
Beaco 0 0 3 13 84
Suai Loro 0 0 0 34 66
Betano 0 0 0 11 89
Dili 0 0 0 33 67

Responses from Betano differ from those from Suai Loro due to a higher proportion of

‘totally inadequate’ responses. There are no other significant differences between the

responses of the groups and the vast majority give responses of ‘poor’ or ‘totally

inadequate’ regardless of location.

Table 4.10.15 Transportation links

Totally
Excellent Good Adequate Poor inadequate
Beaco 0 0 16 65 19
Suai Loro 0 0 2 36 62
Betano 0 4 87 9 0
Dili 0 0 30 44 26

Responses from Betano are distinct from those of the other areas due to a higher

proportion of ‘adequate’ responses. Responses from Suai Loro are distinct from those of

the other areas due to a higher proportion of ‘totally inadequate’ responses. There are no

significant differences between Beaco and Dili, with each showing a range of responses

from ‘adequate’ to ‘totally inadequate’. In both cases the majority of respondents also

regard transportation links as ‘poor’.




Table 4.10.16. Basic education services

Totally
Excellent Good Adequate Poor inadequate
Beaco 0 0 35 58 6
Suai Loro 0 0 32 68 0
Betano 0 0 9 85 6
Dili 0 0 22 78 0

Responses from Betano differ from those from Suai Loro due to a lower proportion of

‘adequate’ responses and a higher proportion of ‘poor’ responses at Betano. There are

no other significant differences between the responses of the groups and the majority

respondents give responses of ‘poor’ regardless of location.

4.10.17. Basic health services

Totally
Excellent Good Adequate Poor inadequate
Beaco 0 0 35 39 26
Suai Loro 0 2 43 23 32
Betano 0 2 11 87 0
Dili 0 0 26 70 4

There is no significant difference in responses between any of the areas despite apparent

differences in the response data. In Betano and Dili the majority of respondents regard

health services as ‘poor’ whereas in Beaco and Suai Loro opinion is split more evenly

between ‘adequate’, ‘poor’ and ‘totally inadequate’.

4.10.18 Access to employment opportunities

Totally
Excellent Good Adequate Poor inadequate
Beaco 0 0 0 0 100
Suai Loro 0 0 0 13 87
Betano 0 0 0 0 100
Dili 0 0 0 0 100

Responses from Betano differ from those from Suai Loro due to a higher proportion of

‘totally inadequate’ responses and a lower proportion of ‘poor’ responses. There are no

other significant differences between the responses of the groups and the vast majority

of respondents give responses of ‘totally inadequate’ regardless of location.
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4.10.19 Available business opportunities

Totally
Excellent Good Adequate Poor inadequate
Beaco 0 0 0 0 100
Suai Loro 0 0 2 11 87
Betano 0 2 0 0 98
Dili 0 0 0 0 100

Responses from Suai Loro differ from those of the other three locations in that there is a

higher proportion of ‘poor’ responses.

However, in all cases the vast majority of

responses are in the ‘totally inadequate’ category.

4.2.3.3 Responses regarding possible outcomes of oil industry development

The MDS and ANOSIM analysis, based on the categories of area, location, education,
gender and age, provided no evidence of differences. However, MW analysis of

locations indicated evidence of different views.

a. Views on the expectation of positive consequences arising from oil development
by location

The majority of respondents in most locations strongly agreed or agreed on the
likelihood of positive effects and believed that development of an expect the oil refinery

in the region would bring desirable benefits (Figure 4.19).

135



Strongly
Agree

Agree

Dont Know

Disagree

Strongly
Disagree

improve create new improved provide improved ?provoitggtta
employment busme:s watsan additicnal basic health A anen
opportunities opport. services ENergy services
M Beaco W Betano M Suai Loro W Dili

Figure 4.19. MW results on the desirable benefits expected from the oil refinery by location. Note: for
each question columns sharing a letter code are not significantly (P<0.05) different. If the columns do not

share one letter in common they are significantly different). Error bars denote standard error of the

mean.

Betano, Beaco and Suai Loro all gave similar responses to the desirable benefits

expected from the oil refinery development, with most falling in the ‘agree’ or strongly

agree’ categories. In regards to basic education services, groups split their responses

between the ‘agree’ and ‘don’t know’ categories. Respondents in Suai Loro gave

‘strongly agree’ responses to more of the questions than those in Betano and Beaco,

while Dili respondents gave a ‘don’t know’ response to more of the questions compared

to the other three locations.

Table 4.10.20 Improve employment opportunities

Strongly Disagree Don't know Agree Strongly

disagree agree
Beaco 0 0 0 0 100
Suai Loro 0 0 0 4 96
Betano 0 2 0 2 96
Dili 0 0 0 70 30

There is no significant difference in responses from Suai Loro, Betano or Beaco, with

all three showing a very high proportion of responses in the ‘strongly agree’ cat
Responses from Dili differ in that there is a lower proportion of responses

‘strongly agree’ category, with the majority falling in the ‘agree’ category instead.
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Table 4.10.21 Create new business opportunities

Strongly Strongly

disagree Disagree Don't know Agree agree
Beaco 0 0 6 87 6
Suai Loro 0 0 9 62 30
Betano 0 0 24 48 28
Dili 0 0 33 59 7

Responses from Suai Loro and Dili differ from from each other due to a relatively high
proportion of ‘strongly agree’ responses and a low proportion of ‘don’t know’ responses
from Suai Loro. Despite some apparent differences in response patterns there are no
significant differences between the other locations with the highest number of responses
in the ‘agree’ category in each location. Suai Loro and Betano both have a moderately
high proportion of ‘strongly agree’ responses, while Betano and Dili have a moderately

high proportion of ‘don’t know’ responses.

4.10.22 Improve water sanitation

Strongly Strongly

disagree Disagree Don't know Agree agree
Beaco 0 3 6 39 52
Suai Loro 0 0 9 60 32
Betano 0 0 9 15 76
Dili 0 0 0 22 78

Responses from Suai Loro differ from the other three locations due to a lower
proportion of ‘strongly agree’ responses. There are no significant differences between
the other locations with the majority of responses in the ‘agree’ or ‘strongly agree’

categories at every location.

Table 4.10.23 Provide additional energy

Strongly Strongly

disagree Disagree Don't know Agree agree
Beaco 0 0 0 10 90
Suai Loro 0 0 2 55 43
Betano 0 2 0 19 80
Dili 0 0 0 19 81

There is no significant difference in responses from Beaco, Betano or Dili with all three

showing a very high proportion of responses in the ‘strongly agree’ category. Responses
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from Suai Loro differ in that there is a lower proportion of responses in the ‘strongly

agree’ category.

Table 4.10.24 Improve basic health services

Strongly Strongly
disagree Disagree Don't know Agree agree
Beaco 0 0 0 35 65
Suai Loro 0 0 9 26 66
Betano 0 0 6 91
Dili 0 0 30 67

Responses from Beaco and Suai Loro are similar to each other and distinct from the
other groups due to a relatively high proportion of ‘strongly agree’ responses.
Responses from Dili and Betano are not significantly different from each other, with the
majority of responses in the ‘agree’ category, although there are also a large number of

‘don’t know’ responses from Dili.

Table 4.10.25 Improve basic education services

Strongly Strongly

disagree Disagree Don't know Agree agree
Beaco 0 3 52 39 6
Suai Loro 0 2 49 40 9
Betano 0 2 26 72 0
Dili 0 4 33 63 0

Responses from Beaco and Sual Loro are similar to each other and distinct from the
other groups due to a relatively high proportion of ‘strongly agree’ responses.
Responses from Dili and Betano are not significantly different from each other with the
majority of responses in the ‘agree’ category although there are also a large number of

‘don’t know’ responses from Dili.

Table 4.10.26 Improve transportation links

Strongly Strongly
disagree Disagree | Don't know Agree agree
Beaco 0 0 0 19 81
Suai Loro 0 0 0 6 94
Betano 0 0 4 89 7
Dili 0 0 22 41 37

Responses from Beaco and Sual Loro are similar to each other and distinct from the

other groups due to a relatively high proportion of ‘strongly agree’ responses.
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Responses from Dili and Betano are not significantly different from each other, with the

majority of responses in the ‘agree’ category, although there are also a large number of

‘don’t know’ and ‘strongly agree’ responses from Dili.

Table 4.10.27 Have a positive economic impact

Strongly Strongly

disagree Disagree Don't know Agree agree
Beaco 0 0 0 3 97
Suai Loro 0 0 0 0 100
Betano 0 2 0 7 91
Dili 0 0 0 7 93

There is no significant difference in responses from Beaco, Betano, Suai Loro or Dili

with all four showing very high proportion of responses in the 'strongly agree' category.

b. Responses on the expectation of negative consequences by location

The MDS and ANOSIM analysis demonstrated no evidence of differences in overall

responses to this set of questions between categories of location. However, univariate

tests indicated some differences between location categories in responses to individual

questions.

The views on the likelihood of undesirable environmental consequences of the oil

refinery development on the South Coast by area are presented in the MDS plot below.

Beaco

Suai Loro

Betano

Dili

Figure 4.20. MDS results on the undesirable impacts based on location
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MDS ordination indicates that the respondents views in Suai Loro are a distinct group.

The views of respondents in Betano appear to be moderately grouped. For Beaco and

Dili, views seem to be scattered and show no clear pattern.

Table 4.11 ANOSIM test on the undesirable impacts based on location.

Groups Number
Observed

R Statistics

Significance Level %

Beaco, Suai Loro 0411 0.1
Beaco, Betano 0.269 0.1
Beaco, Dili 0.381 0.1
Suai Loro, Betano 0.519 0.1
Suai Loro, Dili area 0.574 0.1
Betano, Dili 0.493 0.1

The ANOSIM results,

presented in Table 4.10, demonstrate significant differences

between Suai Loro, compared to Dili, as well as between Suai Loro compared to

Betano. Comparison between Betano and Dili indicates that there tends to be significant

differences. Comparisons between other groups appear to show no clear pattern.

MW analysis by location indicates differences in responses to individual questions on

possible negative consequences, represented in MDS plot in Figure 4.21 and 4.22.

Athough respondents in most locations ‘agree’ or ‘strongly agree’ on the likelihood of

the undesirable consequences on the environment and other social sectors as a result of

the oil refinery development there were differences in the relative likelihood attached to

them in each region (Figure 4.21 and 4.22).
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Figure 4.21 Expectation of un-desirable consequences of the oil refinery to the environment, based on
location. Note: for each question columns sharing a letter code are not significantly (P<0.05) different. If
the columns do not share one letter in common they are significantly different). Error bars denote
standard error of the mean.

Suai Loro and Betano were broadly similar, giving ‘strongly agree’ responses to more
of the questions than was the case in Beaco and Dili. Dili and Suai Loro gave ‘don’t
know’ responses to more of the questions than was the case in Beaco and Betano. The
exceptions were increased coastal pollution, coastal erosion, disturbances to migratory
species, reduction of agriculture production and damage to land for future generations to

use where all groups indicated they were unsure whether this might occur.

Table 4.11.1 Increased mangrove deforestation

Strongly Disagree Don't know | Agree Strongly

disagree agree
Beaco 0 16 26 58 0
Betano 0 72 17 11 0
Suai Loro 0 0 2 34 64
Dili 0 30 41 26 4

Responses from Suai Loro differ from other locations due to a high proportion of
responses in the 'strongly agree' category and a low proportion in the ‘disagree’ and
‘don’t know’ categories. Betano also differs from other locations and this is due to a

high proportion of responses in the ‘disagree’ category. Responses from Beaco and
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Dili are not significantly different from each other and are spread over the categories of

‘disagree’, ‘don’t know’ and ‘agree’.

Table 4.11.2 Alteration of intertidal habitats

Strongly Strongly
disagree Disagree Don't know Agree agree
Beaco 0 6 10 74 10
Betano 0 2 0 61 37
Suai Loro 0 0 0 83 17
Dili 0 0 41 48 11

Suai Loro and Betano were broadly similar, giving ‘strongly agree’ responses to more

of the questions than was the case in Beaco and Dili. Dili and Suai Loro gave ‘don’t

know’ responses to more of the questions than was the case in Beaco and Betano. The

exceptions were increased coastal pollution, coastal erosion, disturbances to migratory

species, reduction of agriculture production and damage to land for future generations to

use where all groups indicated they were unsure whether this might occur.

Table 4.11.3 Destruction of fringing reefs

Strongly Strongly
disagree Disagree | Don't know Agree agree
Beaco 0 0 13 58 29
Betano 0 2 4 63 31
Suai Loro 0 0 9 72 19
Dili 0 7 37 56 0

There is no significant difference in responses from Suai Loro, Betano or Beaco, with

all three showing a high proportion of responses in the ‘agree’ and ‘strongly agree’

categories. Responses from Dili is differ due to a relatively high proportion of responses

in the 'don't know' category and no responses in the ‘strongly agree’ category.

Table 4.11.4 Destruction of breeding & spawning habitats of fish

Strongly Strongly

disagree Disagree Don't know Agree agree
Beaco 0 0 0 16 84
Betano 0 2 4 9 85
Suai Loro 0 0 2 17 81
Dili 0 0 33 4 63

There is no significant difference in responses from Suai Loro, Betano or Beaco, with

all three showing a high proportion of responses in the ‘strongly agree’ categories.
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Responses from Dili also have a high proportion of responses in the ‘strongly agree’

category as well as a relatively high proportion of 'don't know' responses.

Table 4.11.5 Increased pollution in the coastal areas

Strongly Strongly

disagree Disagree Don't know Agree agree
Beaco 0 71 19 10 0
Suai Loro 0 17 24 57 2
Betano 0 11 21 38 30
Dili 0 30 59 7 4

There is a significant difference in the responses from Suai Loro and Dili but not

between any other pair of locations. The majority of Suai Loro responses fall in the

‘agree’ and ‘strongly agree’ categories, whereas the majority of the Dili responses fall in

the ‘disagree’ and ‘don’t know’ categories.

Although other differences are not

significant, there are a high proportion of ‘disagree’ responses from Beaco and a high

proportion of ‘agree’ responses from Betano.

Table 4.11.6 Increased coastal erosion

Strongly Strongly

disagree Disagree Don't know Agree agree
Beaco 0 90 10 0 0
Betano 0 63 31 6 0
Suai Loro 0 40 55 4 0
Dili 0 59 30 4 7

Responses from both Beaco and Betano are significantly different from those of Dili.

This appears to be due to a slightly higher number of ‘agree’ and ‘strongly agree’

responses from Dili. However, the vast majority of responses from every location fall

in the ‘disagree’ and ‘don’t know’ categories with a particularly high proportion of

‘disagree’ responses from Beaco.

Table 4.11.7 Increased destruction of coral reefs

Strongly Strongly

disagree Disagree Don't know Agree agree
Beaco 0 0 10 58 32
Betano 0 24 2 24 50
Suai Loro 0 6 17 60 17
Dili 0 7 7 37 48
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There is no significant difference in responses from Beaco, Betano, Suai Loro or Dili.

In all cases the majority of responses fall in the ‘agree’ and ‘strongly agree’ categories.

Table 4.11.8 Alteration of seabed conditions

Strongly disagree | Disagree | Don't know Agree Strongly agree
Beaco 0 0 0 94 6
Betano 0 0 9 85 6
Suai Loro 0 4 13 68 15
Dili 0 0 0 100 0

There is no significant difference in responses from Beaco, Betano, Suai Loro or Dili.

In all cases the majority of responses fall in the ‘agree’ category.

Table 4.11.9 Disturbance to migratory species

Strongly disagree Disagree Don't know Agree Strongly agree
Beaco 0 6 58 35 0
Betano 0 11 30 59 0
Suai Loro 0 6 47 47 0
Dili 0 0 63 37 0

There is no significant difference in responses from Beaco, Betano, Suai Loro or Dili.

In all cases the majority of responses fall in the ‘don’t know’ and ‘agree’ categories.

Table 4.11.10 Reduction in fish stocks

Strongly Disagree Don't know Agree Strongly agree
disagree
Beaco 0 3 0 87 10
Betano 0 4 0 89 7
Suai Loro 0 2 4 77 17
Dili 0 48 0 52 0

There is no significant difference in responses from Suai Loro, Betano or Beaco, with

all three showing a high proportion of responses in the ‘agree’ categories. Responses

from Dili differ in that there are a significant proportion of responses in the ‘disagree’

and ‘agree’ categories.
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Table 4.11.11 Reduction in productivity of agricultural land due to pollution

Strongly Strongly

disagree Disagree Don't know Agree agree
Beaco 0 13 65 23 0
Betano 0 78 22 0 0
Suai Loro 0 32 15 53 0
Dili 0 78 15 7 0

Responses from Beaco and Suai Loro are similar and are spread across the ‘disagree’,

‘don’t know’ and ‘agree’ categories with no clear consensus. Responses from Betano

and Dili differ from this pattern in that they show a high proportion of responses in the

‘disagree' category.

Table 4.11.12 Loss of potential for tourist industry development

Strongly Strongly

disagree Disagree Don't know Agree agree
Beaco 0 19 32 48 0
Betano 0 17 37 46 0
Suai Loro 0 9 53 38 0
Dili 0 48 26 26 0

There 1s no significant difference in responses from Suai Loro, Betano or Beaco with

responses of all three concentrated in the ‘agree’ and ‘don’t know’ categories.

Responses from Dili differ due to a high proportion of responses in the ‘disagree'

category.

Table 4.11.13 Increased health risks due to pollution

Strongly Strongly
disagree Disagree Don't know Agree agree
Beaco 0 45 6 48 0
Betano 0 17 17 63 4
Suai Loro 0 4 2 79 15
Dili 0 26 19 56 0

Suai Loro differs from other locations due to a relatively higher proportion of ‘agree’

and ‘strongly agree’ responses. At the other locations the majority of responses fall in

the ‘agree’ category although this is counterbalanced by an appreciable number of

‘disagree’ or ‘don’t know’ responses.
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Table 4.11.14 Damage to cultural sites

Strongly Strongly

disagree Disagree Don't know Agree agree
Beaco 0 97 3 0 0
Betano 0 98 2 0
Suai Loro 0 30 2 26 43
Dili 0 41 33 26 0

Beaco and Betano are similar and are characterised by a high proportion of ‘disagree’

responses. Responses from Suai Loro differ from all other locations as the majority of

responses fall in the ‘agree’ and ‘strongly agree' categories. Dili differs from all other

locations due to a high proportion of ‘don’t know’ responses.

Table 4.11.15 Damage to land for future generations to use

Strongly Strongly

disagree Disagree Don't know Agree agree
Beaco 0 6 87 6 0
Betano 0 17 72 11 0
Suai Loro 0 13 64 21 2
Dili 0 7 70 22 0

There is no significant difference in responses from Beaco, Betano, Suai Loro or Dili.

In all cases the majority of responses fall in the ‘don't know’ category.

Table 4.11.16 Increased population of foreign migrant workers.

Strongly Strongly

disagree Disagree Don't know Agree agree
Beaco 0 19 3 74 3
Betano 0 19 2 76 4
Suai Loro 2 6 30 57 4
Dili 0 59 11 30 0

There is no significant difference in responses from Suai Loro, Betano or Beaco with all

three showing a high proportion of responses in the ‘agree’ category. Responses from

Dili differ due to a relatively high proportion of responses in the ‘disagree' category.
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Table 4.11.17 Increased jobs loss

Strongly Strongly

disagree Disagree Don't know Agree agree
Beaco 0 48 0 52 0
Betano 4 44 7 43 2
Suai Loro 0 43 19 36 2
Dili 0 63 19 19 0

There is no significant difference in responses from Beaco, Betano, Suai Loro or Dili.
In all cases the opinions of the respondents are split between the ‘disagree’ and ‘agree’

categories.
c. Responses on the expectation of negative consequences by occupation

Respondents in most occupations expected undesirable and wide-reaching
environmental consequences. However, one exception was that overall they tended to

be uncertain about increased coastal erosion (Figure 4.24).
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Figure 4.23 Expectations of un-desirable environmental consequences based on occupation.
Note: for each question sharing a letter code are not significantly (P<0.05) different. If the
columns do not share one letter in common they are significantly different). Error bars denote

standard error of the mean.

Fishermen-farmers and TSI were broadly similar in terms of their responses and tended
to ‘agree’ or ‘strongly agree’ on the potential undesirable consequences of the oil
refinery to the environment. The exceptions were increased coastal pollution and coastal
erosion where both groups indicated that they didn’t know or disagreed that these might
occur. Farmer and EWCW tended to give fewer ‘agree’ and ‘strongly agree’ responses

to questions than TSI and fishermen-farmers.

Table 4.11.18 Increased mangrove deforestation

Strongly disagree | Disagree | Don't know Agree Strongly agree
Farmers 0 38 15 26 21
Fishermen-farmers 0 33 14 30 23
EWCW 0 25 23 23 28
TSI 0 29 13 33 25

There is no significant difference in responses from farmers, fishermen-farmers,
EWCW or TSI. There is no obvious consensus of opinion on this question and for each
employment category responses are spread over the ‘disagree’, ‘don’t know’, ‘agree’

and ‘strongly agree’ categories.
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Table 4.11. 19 Alteration of intertidal habitats

Don't
Strongly disagree | Disagree know Agree Strongly agree

Farmers

0 3 3 74 21
Fishermen-
farmers 0 1 1 79 18
EWCW 0 2 24 50 24
TSI 0 4 4 54 38

There is no significant difference in responses from farmers, farmers -fishermen or TSI,

with all three showing a high proportion of responses in the ‘agree’ category. Responses

from EWCW are significantly different because of a higher proportion of responses in

the ‘don’t know' category.

Table 4.11.20 Destruction of fringing reefs

Don't
Strongly disagree | Disagree know Agree Strongly agree
Farmers 0 0 6 74 21
Fishermen-
farmers 0 0 8 59 33
EWCW 0 7 37 56 0
TSI 0 4 8 71 17

There is no significant difference in responses from farmers, farmers -fishermen or TSI,

with all three showing a high proportion of responses in the ‘agree’ category. Responses

from EWCW are significantly different due to a higher proportion of responses in the

‘don’t know' category.

Table 4.11.21 Destruction of breeding and spawning habitats of fish

Strongly Don't Stro