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Executive Summary

This Biodiversity Strategy is an Esso Highlands Limited document, prepared with the participation of Coffey
Environments Pty Ltd.

This Biodiversity Strategy outlines how the Papua New Guinea (PNG) Liquefied Natural Gas (LNG) Project
(the Project) has and will continue to manage terrestrial biodiversity in its Upstream Project Area. The
Project involves production of natural gas and associated liquids from new and existing wells in the Southern
Highlands and Western provinces of PNG. The liquids will be separated and transported via the existing
crude oil export pipeline to the Kumul Marine Terminal in the Gulf of Papua for export, while the dry gas will
be transported in a buried pipe from the highlands to the Gulf of Papua, then undersea to an LNG Plant near
Port Moresby where it will be liquefied and shipped to customers in Asia. The Project is operated by Esso
Highlands Limited, an affiliate of the Exxon Mobil Corporation, on behalf of itself and co-venturers. It will be
developed in six phases over a period of 16 years, with first LNG deliveries scheduled for 2014.

The Project is primarily located in the Kikori River basin alongside the existing Oil Search oil production
operation at Kutubu and gas production operation at Hides. Approximately one-third of the new onshore
pipelines in the Upstream Project Area will be co-located within existing pipeline corridors. The Upstream
Project Area is known for high biodiversity values and is the site of the Kikori Integrated Conservation and
Development Project (KICDP, now called the Kikori River Program), a World Wide Fund For Nature'(WWF)
conservation initiative supported initially by Chevron Asiatic Ltd and now by Oil Search Limited.

This Biodiversity Strategy draws extensively on the PNG LNG Project Environmental Impact Statement (EIS)
and its Environmental and Social Management Plan (ESMP). These in turn relied on biodiversity impact

and management analyses of field data collected by WWF in its KICDP operations and new surveys carried
out by Esso Highlands Limited from 2005 to 2009. This Biodiversity Strategy is designed to align with PNG
legislation, International Finance Corporation (IFC) Performance Standard 6 and ExxonMobil policy.

The preparation of this Biodiversity Strategy followed a process of first identifying high biodiversity values in
the Upstream Project Area and then using the impact analysis in the EIS to identify the major potential risks to,
or impacts on, these values. This then formed the basis for developing goals and objectives for the strategy,
which then followed the generally accepted hierarchy of avoidance, mitigation and offsetting of residual
impacts. Finally a Biodiversity Monitoring Plan is designed to gauge the success of the strategy.

Based on the surveys conducted over the past 15 years, biodiversity values are defined for the Upstream
Project Area as a whole. These are: i) extensive intact forest, (ii) high floristic diversity, (iii) high faunal
diversity, (iv) endemic species, (v) unique assemblages of species, (vi) species of conservation concern and
(vii) biodiversity of importance to local communities for resource use and cultural and spiritual purposes.

The goal of this Biodiversity Strategy is to retain the biodiversity values of the Upstream Project Area on a
regional scale for the long term. In order to achieve this goal, the following objectives have been defined: (i)
to maintain the ecological intactness of the Upstream Project Area as a whole; (ii) to conserve the priority
ecosystems; (iii) to protect focal habitats; and, (iv) to account for residual impacts. In order to achieve these
objectives, avoidance, mitigation and monitoring of biodiversity values will take place at three levels: (i)

the large scale, which is the entire Upstream Project Area; (ii) the medium scale, which is represented by
particularly valuable areas called ‘priority ecosystems’; and, (iii) the small local-scale which are sensitive
habitats referred to as ‘focal habitats’.

" WWEF is known as World Wildlife Fund in North America.
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Avoidance of impacts on values was carried out in the design phase of the Project and involved a
consideration of several high-level routes both within and beyond the Kikori River basin and six alternative
pipeline alignments within the Upstream Project Area. These routing analyses involved a 4-level approach:
level 1 was to follow existing infrastructure corridors wherever possible; level 2 was managing safety, social
and environmental constraints; level 3 was reducing interference with existing petroleum infrastructure and
level 4 was cataloguing constraints for later micro-routing in preconstruction surveys. The priority ecosystems
received particular design consideration and are discussed in detail. Avoidance of focal habitats is being
achieved by preconstruction surveys for all proposed worksites.

Site-specific mitigation measures are contained in the ESMP, which includes 30 individual management plans.
Relevant mitigation measures to the implementation of this Biodiversity Strategy are as follows: Ecological
Management Plan; Weed, Plant Pathogen and Pest Management Plan; Induced Access Management Plan,
Erosion and Sediment Control Management Plan; Reinstatement Management Plan; and Water Management
Plan. In addition, the introduction and spread of alien species and diseases and enhanced access are
managed under a project-wide Quarantine Plan, which is designed to reduce the probability of alien species
entering into the country.

A Biodiversity Offset Delivery Plan will be developed following this Biodiversity Strategy. The plan requires
consultation with stakeholders before particular projects or management systems are finalized. As
consultation with stakeholders is yet to be undertaken, a final offset plan cannot be described at this point

in the Biodiversity Strategy. Instead, this document presents the criteria that offset projects are required to
meet, which need to be related to the identified values and residual impacts, and canvasses the management
options for the Biodiversity Offset Delivery Plan. Biodiversity offsets undertaken by the Project will be tailored
to PNG conditions where landholders are the dominant factor in conservation management.

Lastly, Esso Highlands limited is developing a Biodiversity Monitoring Plan to determine if the objectives of this
Biodiversity Strategy have been met. It is complementary to the ESMP and will determine, in the longer term,
whether the objectives of the Biodiversity Strategy have been met. While ESMP monitoring is construction-
related, the Biodiversity Monitoring Plan will mostly be carried out during operations. Monitoring is aimed at
the biodiversity values at the three scales. For each value at each scale, a set of targets is defined, each with
an end-point. It is impractical to develop an individual monitoring system for each of the many high biodiversity
values in the Upstream Project Area. Instead, a suite of five Programmed Monitoring Activities (PMAs) was
conceived, each designed to gather information for indicators for many targets, so that a minimal number

of data-gathering activities can inform the maximum number of targets. One of the PMAs involves remote
sensing, three involve regular collection of field data and one involves regular compilation of data

from elsewhere.
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1.0

Introduction

The Papua New Guinea (PNG) Liquefied Natural Gas (LNG) Project (the Project) aims to commercialize the
gas resources in the Hides, Angore and Juha fields and associated gas resources in the Kutubu, Agogo, Gobe
and Moran fields in the Southern Highlands and Western provinces of PNG.

The Project will be operated by an affiliate of ExxonMobil Corporation, Esso Highlands Limited, in co-venture
with parties including Oil Search Limited, Kroton No. 2 Limited, Santos Ltd, Nippon Oil Exploration Limited and
Mineral Resources Development Company Limited (MRDC) on behalf of Project Area landowners.

The Project is an integrated phased development that includes gas production and processing facilities in the
Southern Highlands and Western Provinces of PNG, liquefaction and storage facilities located northwest of

Port Moresby on the Gulf of Papua and over 700 kilometers (450 miles) of pipelines connecting the facilities

(Figure 1.1).

Figure 1.1:
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The investment for the initial phase of the Project, excluding shipping costs, is estimated at US$15 billion.
Over the life of the Project, it is expected that over 9 trillion cubic feet of gas will be supplied to major LNG
customers in Asia through long-term sales agreements, including Chinese Petroleum Corporation, Taiwan;
Osaka Gas Company Limited; The Tokyo Electric Power Company Inc.; and Unipec Asia Company Limited, a
subsidiary of China Petroleum and Chemical Corporation (Sinopec). The first LNG deliveries are scheduled to
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begin in 2014, following a construction period of about four years.

Esso Highlands Limited recognizes that it is operating in a high biodiversity? country and that the Project Area
itself has high biodiversity values. Moreover the ecosystems services within the Project Area are likely to be
significant at several scales from local to international. Ecosystem services are the ‘processes by which the
environment produces resources that we often take for granted such as clean water, timber, and habitat for
fisheries, and pollination of native and agricultural

plants’. Ecosystem services include (i) provisioning Plate 1.1:
services, which are the products people obtain R bl STET STt
from ecosystems; (ii) regulating services, which are
the benefits people obtain from the regulation of
ecosystem processes; (iii) cultural services, which
are the nonmaterial benefits people obtain from
ecosystems; and, (iv) supporting services, which

are the natural processes that maintain the other
services. The range of services extends beyond

the physical to psychological, cultural and spiritual
support that nature provides humanity*. In a country
like PNG where most inhabitants are subsistence
cultivators who rely directly on the forest for their
everyday needs ecosystem services are of particular
relevance. Esso Highlands Limited recognizes

the direct role of ecosystem services in meeting

the subsistence, cultural and spiritual needs of

the people of PNG and as such is committed to
maintaining the ecological integrity of the

Project Area®.

The gecko Cyrtodactylus

Plate 1.2: Juvenile cassowary
= Y R AL y T

This Biodiversity Strategy document presents a multi- Plate 1.3: Melodinus forbesii found on Hides Ridge
faceted approach to biodiversity management, which . ‘

reflects good international industry practice.

The Project is generally described in terms of general
areas, which include the Upstream, Marine and LNG
Plant areas (see Figure 1.1) as discussed below.

The Biodiversity Strategy follows a 6-step process.
Step 1 involves the identification of biodiversity
values and the major potential risks to such values.
Step 2 involves the development of goals and
objectives for biodiversity management. Steps 3, 4 and 5 involve the formulation of measures to prevent,
avoid, manage and mitigate identified risks and where this is not possible, identify need for offset. Offset
planning is not completed at this stage and awaits final development following consultation with stakeholders.
Step 6 is the development of a Biodiversity Monitoring Plan (monitoring is also subject to further definition
subject to field trials of methods). The process is further described in Chapters 5 to 10 of this Biodiversity

2 For the purpose of the Biodiversity Strategy, the term ‘biodiversity’ (or biological diversity) is defined in Article 2 of the Convention
on Biological Diversity as the ‘variability among living organisms from all sources including, inter alia terrestrial, marine and
other aquatic ecosystems and the ecological complexes of which they are a part: this includes diversity within species, between
species and of ecosystems’. (http://www.cbd.int/convention/articles.shtml?a=cbd-02).

3 www.esa.org/education_diversity/pdfDocs/ecosystemservices.pdf.

4 For a detailed presentation of ecosystem services see the Millennium Ecosystem Assessment, 2005 (www.
millenniumassessment.org and http://www.maweb.org/en/index.aspx and for a short introduction see, for example, Ecological
Society of America, 1997).

5This document is not intended to provide an ecosystem services analysis.
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Box 1.1: Biodiversity in Papua New Guinea

New Guinea is the world’s second largest island. It has the third largest block of unbroken  Pinnacle and tower karst countryside
tropical rainforest in the world and the largest remaining tract of primary rainforest in the
Asia—Pacific region®. New Guinea’s rich biota includes between 5 and 10 percent of the
world’s plant and animal species on less than 1 percent of its land surface.

Mountain cuscus On a national basis, New Guinea ranks sixth
# in the world in terms of endemismP® for
mammals, birds and amphibians. In terms
of species per 1,000 square kilometers, New
Guinea ranks fifth for mammals, ninth for
birds and second for amphibians. The high
degree of floral endemism and the fact that many plant families are better represented
in New Guinea than anywhere else indicates strong independent development of the
biota of New Guinea over a long period of time and, in particular, that New Guinea
has developed its own flora. Similarly there are high levels of endemism at both genus
and species level in the mammals (Flannery, 1995; Bonaccorsco, 1998), the majority of
which are obligate forest dwellers.

Few New Guinean mammals or birds have very small natural ranges and, amongst
mammals at least, most of these narrow range species are on isolated ranges, e.g.,
the Tenkile (Dendrolagus scottae) in the Torricelli mountains, and those in the main
cordillera are mostly inhabitants of subalpine habitats (e.g., the rodent Mallomys
gunung). New Guinea has been the centre of diversity for the birds-of-paradise,
bowerbirds, Australasian ‘robins’ (Petroicidae), cassowaries and owlet-nightjars, and
is the only place in which berrypeckers, longbills and pitohuis are found (del Hoyo et
al., 1999; 2007; 2008; Mack & Dumbacher, 2007). Of the more than 800 bird species
recorded in New Guinea, some 330 are
The tree frog Litoria cf. arfakiana endemic (Coates, 1985; Beehler et al., 1986).

Papuan frogmouth

The herpetofauna of New Guinea consists of

over 600 species recorded so far (Menzies, 2006; Allison, 2007) and expected to increase
substantially, with up to 600 frog species expected (Gunther, 2006). This estimate

is supported by recent taxonomic revisions of the fauna and exploration of remote
regions that have discovered numerous new species, particularly of frogs (e.g., Richards,
2007) and the gecko genus Cyrtodactylus (e.g., Rosler et al., 2007; Oliver et al., 2008).

For probably all biological groups except

IUCN-listed species in Papua New Guinea birds, discovery of new species and major

5 range extensions will continue as surveying
IUCN status . . . .
continues; large areas of the island still remain
Species CR | EN | VU | NT | LR/cd | DD | Grand unexplored biologically. Moreover, modern
Groups Total taxonomic research is uncovering many new
Mammals 11 18 12 12 46 99 species in existing collections. For example,
Birds 1 1 34 47 15 98 studies of New Guinean ‘moss-mice’ collected
Reptiles 2 3 4 1 10 since the last major revision of the 1950s has
= ; = 5 114 e raised the diversity in this group from 6 to 15
rogs species (Helgen & Helgen, 2009; Helgen et al.,
Fishes 6 2 30 35 0 43 116 2010), with more species still to name.
Invertebrates 0 9 160 155 3 51 378 . .
Over a thousand species from PNG are listed
A2 L i 19 A U e e by IUCN. One third of these are data deficient
Grand Total 35 52 265 | 276 10 382 1,020 reflecting the limited biological knowledge of

New Guinea. The table shows the breakdown

‘CR: critically endangered, EN: endangered, VU: vulnerable, NT: near threatened, )
by species groups.

LR/cd: low risk/conservation dependent, DD: data deficient.

@ http://www.thebiggive.org.uk/project.php?project_id=5217.
b Endemic species are those that are only found in a given region or location and nowhere else in the world.
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2.0 The Project Area, History and
Proposed Developments

2.1  OIL AND GAS DEVELOPMENT IN THE REGION

Oil was first discovered in PNG in 1911, but it was not until the 1980s that commercial reserves of oil and

gas were found in Southern Highlands Province. Gas production began at Hides in 1991, followed by

oil production at Kutubu (Kutubu Petroleum Development Project) in 1992. In 1995, Chevron Asiatic Ltd
proposed the first gas project in PNG (the PNG Gas Project) to build on this established petroleum production
infrastructure by commercializing gas from Kutubu, Gobe, Agogo and Moran and exporting the gas by pipeline
to Australia. The PNG Gas Project underwent a series of feasibility, socio-economic and environmental
investigations in the years that followed but went
into abeyance in 2000. Shortly thereafter, Chevron
sold its PNG petroleum interests.

Plate 2.1: Gobe Production Facility

By 2004, the PNG Gas Project’'s competitive
position had improved and the project was revived,
with Esso Highlands Limited as the operator. In

late 2004, Esso Highlands Limited proceeded to
front-end engineering design and an environmental
assessment, which received an Approval-in-
Principle from the PNG Government, but, for
commercial reasons, the PNG Gas Project went into
abeyance once again at the end of January 2007.

The studies conducted by Esso Highlands Limited
for the PNG Gas Project encouraged licensees of
the gas fields at Hides, Angore and Juha to enter into an agreement to evaluate production and export of LNG
as an alternative to previous gas project proposals. The PNG Government-approved PNG LNG Project is the

successful outcome of these latter collaborations.

2.2 KIKORI INTEGRATED CONSERVATION AND DEVELOPMENT PROJECT

In recognition of the high biodiversity in the area, the Kutubu Petroleum Development Project and the World
Wide Fund For Nature (WWF) established a collaboration in 1994 aimed at facilitating conservation efforts in
the Kikori River basin via an Integrated Conservation and Development Project (ICDP) whereby WWF works
with local communities to foster conservation through sustainable development activities.

To achieve this, a Kikori ICDP (KICDP®) area was defined that encompassed the entire drainage of the Kikori
River extending over 300 kilometers from the Southern Highlands to the coast and which includes the existing
oil export project and both previous gas projects (see Figure 1.1). This area was defined on a catchment basis
and in order to focus on conservation to counteract possible indirect impacts should in-migration occur’. The
KICDP area is now known as a significant conservation management area, although not legally declared as
such, and thus has major relevance to biodiversity conservation in New Guinea.

2.3 THE PROJECT AND PROJECT AREAS

The Project has been divided into three geographical segments — the Upstream Project Area, the Marine
Project Area and the LNG Project Area (see Figure 1.1). The Project itself is to be undertaken in a series of
development phases (Figure 2.1 and Table 2.1), with Phase | scheduled to commence operations in 2014
followed by additional developments in subsequent years. A detailed description of the Project is provided in
Appendix 1 and the locations of major facilities are shown in Figure 2.2.

5 Now termed the Kikori River Program.
7 This was considered to be the most significant potential impact of the oil development.
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Figure 2.1: Indicative project development schedule

M AREA/ACTIVITY

Government Approvals

Detailed Engineering and Design

lood
Maijor Equipment Manufacture and Delivery

Construction

Upstream Early Works and Infrastructure

Komo Airfield

Upstream Facilities NG Feed iable

[
Onshore Pipeline Right of Way. Onshore Pipeline to u
Offshore Pipeline ‘ Do U Commisining Gos vt
! ]

|
[ | | | | |
LNG Plant Early Works LNG Plant, LNG Tanks and Marine:

Drilling*

F 1t Office and

Associated Gas and Related Implementation

Commissioning and Start Up

Angore Field Development*
- HGCP: Booster Compression H
- Juha Field Development ]
“ South East Hedinia Field Development | ‘ Fu_tltﬁ W‘lb

* Hides Gas Field Development includes one new
wellpad and two new wells during Phase 2.

Figure 2.2: Project elements

142°E 1435 144 145°E 146°E 14r'e 148°E
o i *Wabag ¢~ s = H
L £, b [ - .
Hides Gas to Electricity Plant o ENGA PROVINCE { tes PAPUA NEW GUINEA o s Liirls.
e -y < WESTERN HIGHLANDS PROVINCE MADANG PROVINGE T e e
N £y 2
AN * Mt Hagen b A o - p
guwi AN - A“ o // . < .
g1 S Egari =73 . o+ Kundjaw; ! New Briain 4
Hides Gas Conditioning P! « Vendi N oo (- ke S
ides Gas Conditioning Plant Homa lendi Ryl )
m— — . [} >
— elalby - N ! * Kalnant
Agogo Production Facility oro . U/ CHIVBU PROVINGE 7 # -
- e Kagiia Y R ] :
) " SOUTHERN HIGHLANDS PROVINCE 1.\ EASTERN HIGHLANDS PROVINCE | 7
anu 3 ~3 oral -
Ku:ubu_ antri!'Pr00f§§|ljg Fg/c,l!y/ S e Erave L A ’/ Coral Sea
! be Humane N J AN A AT A S e
. .
(A AR, } Lae
7 y
i :
4 Gobe Production Facility | L IORQBE ARQVNCE @
. GULF PROVINCE aSY iz
Kopi Shore Base NG o Wau
WESTERN PROVINCE Nt |
AN
=] 0 km 50 Kumul Marine Terminal
.
Scale 1:3,000,000 !
Page size: A4 1
Projection: WGS84 GCS '\'
|
|
LEGEND ! 5
" _~”” NORTHERN PROVINCE
O Proposed facilty PROJECT ELEMENTS
W Existing facilt -
9 Y Offshore pipeline
o] e Village B NG Plant Gulf of Papua @
Z PNG LNG Project proposed . L =
pipelines alignment Hides Gas Conditioning Plant (HGCP)
Existing crude oil export pipeline | I Pipeline and infrastructure N
77777 Province boundary I Komo Aifeld AN T AATIONAL
Watercourse I supportinfrastructure - Upstream ] Port M i & SipisTRiGr S
. \ ! ort Moresby™
Waterbody Support infrastructure - LNG Plant \\ ! NS
|
;‘ !
1E 1T 140 15E 1UEE 1T 14

BIODIVERSITY STRATEGY 6




Table 2.1: Project components and phases

Phase Proposed Facilities Estimated
Timing
Phase 1: Initial Development (and Drilling Hides Gas Field: Wellpads A, B, C, D, E and G 2014

Campaign 1) Hides Gathering System and Spineline

Hides-Hides Gas Conditioning Plant MEG
Pipeline

Hides Gas Conditioning Plant

Hides Gas Conditioning Plant-Kutubu
Condensate Pipeline

Kopi Scraper Station

Komo Airfield

LNG Project Gas Pipeline (Onshore/Offshore)
LNG Plant and facilities

Gobe Gas Pipeline

Kutubu Gas Pipeline

Hides Gas Field: Wellpad F and B2
Angore Gas Field Wellpads A and B
LNG Facilities site

Angore Gathering System and Spineline to
Hides Gas Conditioning Plant

Angore-Hides Gas Conditioning Plant MEG
Pipeline

2.3.1 The Upstream Project Area

The PNG LNG Upstream Project Area encompasses the entire drainage of the Kikori River, and hence the
KICDP area, and extends northwest into the drainage of the upper Strickland River in Western Province.

Limestone terrain, mostly extremely rugged polygonal and doline karst, karst plains and plateaus with karst
corridors, dominates the Upstream Project Area, which ranges from sea level to 3,650 meters in altitude. The
Kikori River itself flows through a karst plain overlain with alluvium.

There are extensive areas of volcanics in the north and northwest of the Upstream Project Area, with the
beautiful cone of Mount Bosavi dominating the landscape to the west of the oil facilities at Kutubu. Southwest
of the Hides gas field lies the blown-out crater of Mount Sisa, its lava flows responsible for the basalt soils of
the agricultural lands around Komo. The Doma Peaks, northeast and outside the Upstream Project Area, is a
region of remnant volcanic cones and domes, volcano-alluvial fans, and mudflows resulting from an eruption
several hundred years ago. Alluviums are uncommon in the Upstream Project Area and are associated with
the major river systems.

The Upstream Project Area consists of large expanses of undisturbed tropical forest with high biodiversity values
relative to the Marine and LNG Plant areas. The upstream biodiversity is further discussed in Section 5.2.1.
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The majority of the upstream facilities to be utilized by the Project will be new developments. Major new
developments include gas production wells at Hides, Angore and Juha fields, gas production and processing
facilities at Hides (Hides Gas Conditioning Plant) and Juha (Juha Production Facility) and an onshore gas
pipeline (LNG Project Gas Pipeline) to transport processed gas from the Hides Gas Conditioning Plant
approximately 292 kilometers overland through the Kikori River basin to the Omati River Landfall. Some
existing oil production facilities will also be used to supply associated gas to the Project. These existing oil
production facilities are not a part of the Project. However, upgrades to existing facilities undertaken and paid
for by the Project in connection with the supply of associated gas will be part of the Project.

Plate 2.2: Crude oil export pipeline ROW and access  Pjlate 2.3: Small rugged karst terrain south of
road near the lwa Range Veiru Creek

Appendix 1 describes the developments that are planned for this area.

2.3.2 Marine Project Area

The Marine Project Area comprises the offshore section of the LNG Project Gas Pipeline that will run
approximately 407 kilometers from the Omati River Landfall down river to the open sea, to the west and south
of Kumul Marine Terminal and eastwards across the Gulf of Papua to Caution Bay approximately

20 kilometers northwest of Port Moresby. This route is the most direct from landfall to landfall in water deep
enough to avoid undue effects from surface waves and which steers clear of the existing crude oil export
pipeline and Kumul Marine Terminal infrastructure. It traverses two broad subsea environments: the muddy,
organic-rich sediments of the Gulf of Papua prograding offshore from the deltas of the Kikori and Purari
rivers, and the reefs and coral sand lagoons to the east and approaching landfall at the LNG Facilities site on
Caution Bay.

The Omati River is one of numerous highly turbid rivers that drain the mountainous highlands of central PNG
and discharge sediment-laden waters into the Gulf of Papua. It forms a part of the Kikori—Purari deltaic system
of low-lying mangrove and nypa swamp, a vast network of meandering tidal creeks and channels. The entire
deltaic system is rich in fishery resources but the lower section of the Omati River where the offshore section
of the LNG Project Gas Pipeline will be installed is around 2 kilometers wide, and the pipeline route is away
from the banks and side creek habitats favored by these resources.

The majority of the offshore section of the LNG Project Gas Pipeline is far offshore (greater than 30 kilometers)
and in waters greater than 70 meters depth. The route does not pass through marine reserves or critical
habitats. It passes through the grounds of the Gulf of Papua prawn trawl fishery to the west of the Kumul Marine
Terminal, a fishery that has operated since the early 1970s. Over its route eastwards, it gradually leaves the
muddy bottom of the Gulf of Papua and traverses slightly firmer seabed to landfall in Caution Bay.
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Caution Bay is a shallow coastal basin. The four main marine habitats along the nearshore marine
environment of Caution Bay adjacent to the proposed nearshore marine components of the LNG Facilities are
small areas of coral reef, seagrass and sandy seafloor (submerged and intertidal). The majority of nearshore
coral reefs within Caution Bay are degraded, with low coral and fish abundance, and a veneer of sediment,
dominated by sediment-tolerant corals. The degradation has most likely been caused by heavy fishing use
and resuspension of sedimentation during periods of strong winds and waves, particularly during the season
of the southeast trade winds. Discussions with local fishers indicated that dynamite was sometimes used for
fishing. No fresh evidence of this was apparent during surveys, but the degraded condition of the reef does
not justify particular consideration in this Biodiversity Strategy.

Figure 2.3 below sets out the routing of the offshore portion of the LNG Project Gas Pipeline and Appendix 1
describes the developments that are planned for this area.

Figure 2.3: Offshore LNG Project Gas Pipeline route
It 145°30E
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The offshore section of the LNG Project Gas Pipeline will be concrete-coated and self-bury in the seafloor for
some of the route but installed in a trench in shallow water at both ends.

Six species of sea turtle occur within PNG waters, including the Gulf of Papua?®, but there are no known
nesting beaches in the Gulf of Papua. Marine mammals recorded include the dugong. Whales are not often
seen in the Gulf of Papua but several species of dolphins are present®.

2.3.3 LNG Project Area

The LNG Facilities site on Caution Bay is located
approximately 20 kilometers northwest of Port
Moresby. Unlike the Upstream Project Area, which
has large areas of intact habitat, this site has a long
history of agricultural use and is mostly grazing
land with only remnant terrestrial mangrove and
woodland habitats. There is a complex of relatively
intact coastal and subcoastal habitats on the
Vaihua River to the southeast of the site. Some
areas of supratidal mudflats occur to the landward
side of the mangroves. These only receive tidal
inundation during extreme spring high tides and are
predominantly dry during the dry season. There are
small areas of coral reef, mangrove and seagrass in
the nearshore parts of Caution Bay adjacent to the
proposed facilities.

Plate 2.4: Grassland and cleared terrain
(central part of LNG Facilities site)

The offshore portion of the LNG Project Gas Pipeline will make landfall on the northern part of the site and the
gas will then be processed, cooled, stored and loaded onto LNG carriers for export to the international market.

Appendix 1 describes the developments that are planned for this area.

8 Species such as green, olive ridley and flatback turtles are known from incidental catches in prawn trawlers. However, the National
Fisheries Authority now requires trawlers to be fitted with turtle exclusion devices.

9 There are reports in the Kikori River of the rare and poorly known Irrawaddy dolphin (Orcaella brevirostris), a species inhabiting
turbid waters within 5 kilometers of the coast in parts of southeast Asia and New Guinea and that can travel up large river systems.
Its status is listed as vulnerable by the IUCN Red List of threatened species Version 2010.2. (www.iucnredlist.org, accessed in
August, 2010).
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3.0 Scope of Document

While the land and marine environments in which the Project will be developed are distinct and varied, it is

the high biodiversity and largely undisturbed expanses of tropical forest of the Upstream Project Area that

are the focus of this Biodiversity Strategy. This area contains the highest concentration of high value
biodiversity attributes and is also where the bulk of potential biodiversity related impacts are predicted to occur
(Coffey Natural Systems, 2009). The Biodiversity Strategy therefore applies to the Upstream Project Area only.

Nonetheless, the Project has also developed numerous mitigation measures, monitoring and management
plans for the Marine Area and LNG Facilities sites and a list of these documents is presented in Appendix 3 of
this document.

The Biodiversity Strategy is applicable to the construction and operations phases of the Project. Biodiversity
management during decommissioning and abandonment will be addressed in due course as part of Esso
Highlands Limited’s Site Closure and Decommissioning Plan.

3.1 RELATED PROJECT DOCUMENTS

A number of environmental reports and documents have been produced to date for the Project. The key
documents are outlined below.

3.1.1 Environmental Impact Statement

Esso Highlands Limited prepared the PNG LNG Project Environmental Impact Statement (EIS), which
sought approval to construct and operate the Project, under s. 53 of the Environment Act 2000 and under
the direction of the Department of Environment and Conservation’s (DEC) s. 50 Notice to Undertake an
Environmental Impact Assessment dated 31 May 2007.

The EIS and its appendices encompass the entire Project Area (i.e., Upstream, Marine and LNG Facilities)
and describe the Project, the environmental constraints and planning process and the impacts and mitigation
measures. The EIS was submitted to the DEC, Port Moresby, in January 2009, and an environment permit
was subsequently issued to Esso Highlands Limited on 9 September 2009.

A number of suitably qualified, world-class specialist subconsultants were engaged as part of the EIS,
particularly in the biodiversity and social fields, and the EIS draws upon their work. Approximately 120
technical consultants from some 30 specialist organizations, many with extensive biodiversity, social and
cultural heritage knowledge and experience in PNG, contributed to the preparation of the EIS.

Figure 3.1 shows the content and structure of the EIS. The EIS appendices are listed in full in Appendix 2.

Plate 3.2: Project Awareness and Environmental

Plate 3.1: Kikori Project Community Awareness Inception Report Roadshow presentation
and Mitigation Roadshow presentation to DEC and other government officials

(November 2008) (November 2007)
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The EIS is currently available at http://www.pnging. Plate 3.3: Lea Lea Project Awareness and

com/commitment/environment.htm Environmental Inception Report Roadshow
TN presentation (November 2007)

3.1.2 Environmental and Social
Management Plan

T a—
= : |
X

Esso Highlands Limited developed an Environmental
and Social Management Plan (ESMP) for the Project.
The ESMP includes the mitigation commitments
identified in the EIS and additional measures required
to implement construction-related good industry
practice, EIS approval conditions stipulated by the
PNG Government and applicable International
Finance Institution requirements. The ESMP:

= Scopes the current environmental and social
aspects relevant to the Project.

=  Provides an overview of the environmental and social risks associated with its construction.

= Qutlines environmental and social management and mitigation actions and monitoring requirements.

The objectives of the ESMP are to:

= Describe specific measures required to implement construction-related management and mitigation
commitments made in the EIS.

= Describe specific additional measures required to implement construction-related good industry practice,
EIS approval conditions stipulated by the PNG Government and applicable International Finance
Institution requirements.

= Qutline the roles and responsibilities of the environmental and social management organization for the
Project.

= Communicate environmental and social expectations throughout the PNG LNG Project organization.

= Establish the framework and minimum requirements for Contractors’ ESMPs.

The ESMP is applicable to all phases of construction and drilling execution for the Project. However, as only
execution of Phase 1 is sufficiently defined, the ESMP will be updated prior to each subsequent development
phase. The ESMP is not applicable to operations; an Operations ESMP will be developed at least six months
prior to commencement of production.

A series of discipline-specific environmental management plan and social management plan documents are
included as appendices to the ESMP, and are listed in Appendix 3. As discussed in Chapter 8, some of the
environmental management plan documents included in the ESMP constitute an integral part of the process
established in this Biodiversity Strategy.

3.2 INTENDED USERS AND AUDIENCE

The Biodiversity Strategy is an Esso Highlands Limited document that aims to communicate the company’s
biodiversity management objectives and strategy internally to the Project Team and externally to direct and
indirect stakeholders and interested parties. The Biodiversity Strategy shall be available to the public on the
Project website (http://www/pnging.com/).
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3.3 DOCUMENT CONTROL

The Biodiversity Strategy is a controlled document stewarded by the PNG LNG Project Environmental and
Regulatory (E&R) Department.

Changes requiring modifications to the Biodiversity Strategy will be incorporated in accordance with the
process defined in Company’s Management of Change Procedure.

Changes will be notified to relevant parties, including the Project Team, the Lender Group, the Independent
Environmental and Social Consultant (IESC).
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4.0 Legal and Other Requirements

4.1 LAWS AND REGULATIONS OF PAPUA NEW GUINEA

According to the Directives of the National Constitution of PNG (the Constitution), steps should be taken
to give adequate protection to valued birds, animals, fish, insects, plants and trees. The Constitution also
includes national goals and directives that outline the aspirations and principles for the development of the
nation, the fourth of which states:

We declare our Fourth Goal to be for Papua New Guinea’s natural resources and environment to be conserved
and used for the collective benefit of us all, and be replenished for the benefit of future generations.

The Constitution is supported by a legislative and policy framework that requires proposed
developments to assess, reduce and manage residual social and environmental impacts such that they
are as low as practicable.

Biodiversity relevant legislation includes:

= The PNG Environment Act 2000, which provides the administrative mechanism for environmental impact
assessment and evaluation of activities regulating impacts on the environment through an approval and
permitting system.

= The PNG Fauna (Protection and Control) Act 1966, which establishes procedures to declare fauna
protected and establish sanctuaries, protected areas and Wildlife Management Areas.

= The PNG National Parks Act 1984 and the PNG Conservation Areas Act 1978, which provide for the
preservation of the environment and of the national cultural inheritance by conservation of sites and areas
and their management. National parks are for ‘public use and enjoyment’ as well as conservation and can
be developed as such, whereas conservation areas are primarily for conservation and alteration of land
use within them is controlled under the Act.

= The PNG International Trade (Fauna and Flora) Act 1979, which promotes the sustainable use of fauna
and flora and to implement the State’s obligations as a party to the Convention on International Trade in
Endangered Species of Wild Fauna and Flora (CITES).

= The PNG Crocodile Trade (Protection) Act 1974, which provides the mechanism for the management and
control of crocodile exports and other related activities.

= The PNG Fisheries Management Act 1998 under which the Minister of the National Fisheries Authority, in
respect of fisheries waters, should seek to preserve biodiversity.

In addition to biodiversity-related objectives established in the Constitution and the Fisheries Management
Act, PNG is party to many international conventions relevant to biodiversity.

As part of the State of PNG’s Medium Term
Development Strategy, the PNG National Biodiversity  Plate 4.1: View of Lake Kutubu
Strategy and Action Plan (NBSAP) (DEC, 2007)

has recently been developed. The NBSAP is the
‘roadmap to the sustainable use and management of
the country’s biological resources’. It is the vehicle for
PNG to meet its obligations under the Convention on
Biological Diversity and other multilateral agreements
referenced in Box 4.1. The NBSAP promotes the
following broad programs: policy, legislation and
administration; financial and technical resources;
benefit sharing; research and information on
biodiversity; biodiversity conservation; measures of
sustainability; education and public awareness; and
monitoring, evaluation and adaptive management.
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Box 4.1: Relevant international conventions to which PNG is a party

Convention on Biological Diversity (1992), which was ratified by PNG in 1993.

= Convention on Wetlands of International Importance Especially on Wildfowl Habitat (1971) (The Ramsar
Convention).

Convention on the Protection of Natural Resources and Environment of the South Pacific Region and related
protocols (Noumea, 1986).

= Plant Protection Agreement for the Asia and Pacific Region (Rome, 1956) as amended.
Convention Concerning the Protection of World Cultural Heritage and Natural Heritage (Paris, 1972).

Convention on the Conservation of Migratory Species of Wild Animals (Bonn, 1979) and incorporating the African-
Eurasian Migratory Water Bird Agreement (1995) and the Agreement on the Conservation of Bats in Europe (1991).

= Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES) (Washington, 1973).

International Convention on the Establishment of an International Fund for Compensation for Oil Pollution Damage
(Fund Convention), 1992.

International Plant Protection Convention (Rome, 1952) with revised text and amendments for Southeast Asia and
the Pacific region (Rome, 1956).

= International Tropical Timber Agreement (ITTA) (Geneva, 1994).

4.2 INTERNATIONAL FINANCE CORPORATION

International Finance Corporation (IFC) Performance Standard 6: Biodiversity Conservation and Sustainable
Natural Resource Management applies specifically to biodiversity.

Key biodiversity requirements from Performance Standard 6 are contained in paragraphs 4 to 13 of the
standard. These require an impact assessment on biodiversity to be an integral part of the social and
environmental assessment process focusing on the major threats to biodiversity, which include habitat
destruction and invasive alien species. Under Performance Standard 6, habitats are classified as either
natural, modified, or critical habitats and all are recognized as able to support important biodiversity. In natural
habitats, the ecological functions are essentially unmodified by humans and biological communities are
formed largely by native species, whereas modified habitats have been altered by humans and, often, the
introduction of alien species. Critical habitat are areas with high biodiversity value and can be either natural or
modified habitat.

In modified habitat, care must be taken to limit further conversion or degradation and it is expected that
opportunities to enhance habitat and protect and conserve biodiversity form part of operations. In natural
habitat, a project cannot significantly convert or degrade'® the habitat unless there are no technically and
financially feasible alternatives, the overall benefits of the project outweigh the costs, including those to the
environment and biodiversity, and conversion or degradation is appropriately mitigated in such a way as to
achieve no net loss of biodiversity where feasible.

In critical habitat, no project activities can be implemented unless there are no measurable adverse impacts
on the ability of the critical habitat to retain the values listed in Box 4.2, and there is no reduction in the
populations of recognized critically endangered or endangered species.

'° Significant conversion or degradation is (i) the elimination or severe diminution of the integrity of a habitat caused by a major, long-
term change in land or water use or (ii) modification of a habitat that substantially reduces the habitat’s ability to maintain viable
population of its native species.
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Box 4.2 Some criteria used to define critical habitat under International Finance Corporation Performance
Standard 6

= Areas that meet the criteria of the IUCN protected areas classification.

= Habitat required for the survival of critically endangered or endangered species as defined by the IUCN Red List of
threatened species or as defined in any national legislation.

= Areas having special significance for endemic or restricted-range species.
= Sites that are critical for the survival of migratory species.
= Areas supporting globally significant concentrations or numbers of individuals of congregatory species.

= Areas with unique assemblages of species or which are associated with key evolutionary processes or provide key
ecosystem services.

= Areas having biodiversity of significant social, economic or cultural importance to local communities.

Should a project be located within a legally protected area, the project must also act consistently with the
protected area management plans, consult with key stakeholders of the protected area and implement
additional programs, as appropriate, to support the protected area.

Finally, Performance Standard 6 places emphasis on the importance of controlling invasive alien species.

4.3 EXXONMOBIL’S ENVIRONMENT POLICY

Esso Highlands Limited will plan and execute the ExxonMobil policy to conduct its business in a manner that
is compatible with the balanced environmental and economic needs of the communities in which it operates.
ExxonMobil Corporation and its affiliates are committed to continuous efforts to improve environmental
performance throughout operations worldwide. Accordingly, it is Esso Highland’s policy to:

= Comply with all applicable environmental laws and regulations and apply responsible standards where
laws and regulations do not exist.

= Encourage concern and respect for the environment, emphasizing every employee’s responsibility in
environmental performance, and foster appropriate operating practices and training.

= Work with government and industry groups to foster timely development of effective environmental laws
and regulations based on sound science and considering risks, costs, and benefits, including effects on
energy and product supply.

= Manage its business with the goal of preventing incidents and to design, operate, and maintain facilities so
that emissions and wastes are below harmful levels.

= Respond quickly and effectively to incidents resulting from its operations, in cooperation with industry
organizations and authorized government agencies.

= Conduct and support research to improve understanding of the impact of its business on the environment,
to improve methods of environmental protection, and to enhance its capability to make operations and
products compatible with the environment.

= Communicate with the public on environmental matters and share its experience with others to facilitate
improvements in industry performance.

= Undertake appropriate reviews and evaluations of its operations to measure progress and to foster
compliance with this policy.
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Esso Highlands Limited will plan and execute an Plate 4.2: Goare Project Awareness and
Environmental Inception Report Roadshow
presentation (November 2007)

environmentally responsible development consistent
with the ExxonMobil initiative Protect Tomorrow
Today.

Esso Highland’s commitments promote biodiversity
protection through efforts to limit impacts in sensitive
areas and Esso Highland’s environmental business
planning efforts are designed to identify and steward
environmental and biodiversity protection objectives
and actions that are specific to each project and
location. Mitigation actions include participating

in initiatives that enhance the wildlife and habitat
attributes of ExxonMobil’s properties’.

Esso Highland’s Environmental Policy is supported by
the co-venturers’ environmental objective, which is to
reduce the Project’s impact on the environment and on affected communities (EIS Executive Summary).

8 http://www.exxonmobil.com/Corporate/energy_biodiversity.aspx.
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5.0 Identification of Biodiversity Values
and Impacts

5.1  BIODIVERSITY STUDIES IN THE UPSTREAM PROJECT AREA

A comprehensive description of the biodiversity of the Upstream Project Area is provided in the EIS. Prior to
the development of the Kutubu Petroleum Development Project, the Kikori River basin was one of the major
biodiversity unknowns in PNG. In the 1970s, the southern karst was identified as one of the areas most in need
of botanical exploration (Prance, 1977; Stevens, 1989; Johns, 1993) and the Kikori River basin and adjacent
uplands was ranked among the 16 major terrestrial unknowns in PNG (Sekhran & Miller, 1994).

Following the Kutubu Petroleum Development
Project and the establishment of the KICDP, WWF
carried out many biodiversity surveys in the Kikori
River basin. Since 1995, they have amassed a large
database from 70 sites over many expeditions within
the area, which has resulted in 35 publications and
reports. References to these surveys with details

of their location, timing and biological focus are
presented in Appendix 1 to the EIS. These data were
available for a biodiversity analysis of the Upstream
Project Area but areas north of the oil fields, including
Hides, had not been biologically explored to any
significant extent by WWF, and the inclusion of gas
developments at Juha brought the Project out of the
Kikori River drainage and into mostly uninhabited
and previously biologically unexplored areas in the headwaters of the Strickland River drainage. Esso Highlands
Limited therefore commissioned a further series of eight surveys, the Project surveys, specifically to enhance
data in the northern part of the Upstream Project Area. These latter surveys were carried out independently of
the WWEF surveys by biodiversity scientists with extensive experience in PNG and with over 75 New Guinea
expeditions between them?.

Plate 5.1: The Maruba River at Deviation Camp

The combined data from the WWF surveys and the Project surveys were analyzed to produce 10 independent
assessments of the flora, mammals, birds, reptiles and amphibians of the Upstream Project Area and are
included in Appendix 1 to the EIS.

5.2 IDENTIFICATION OF BIODIVERSITY VALUES

Based on the surveys conducted over the past 15 years, biodiversity values are defined for the Upstream Project
Area as a whole. These biodiversity values form the basis of the avoidance, mitigation and monitoring measures
described in this Biodiversity Strategy. The protection and conservation of these values will take place at three
levels: (i) the large scale, which is the entire Upstream Project Area; (ii) the medium scale, which is represented
by particularly valuable areas called ‘priority ecosystems’; and, (iii) the small local-scale which are sensitive
habitats referred to as ‘focal habitats’. This section describes the biodiversity values in the Upstream Project
Area as well as the three scales of management.

5.2.1 The Upstream Project Area as a Whole

The Upstream Project Area ranges from sea level to 3,368 meters altitude and covers the entire Kikori River
basin and part of the upper Strickland River drainage. It encompasses diverse geologies, geomorphologies, soils
and habitats and there is a great heterogeneity in biodiversity composition and ecology and hence a variable
sensitivity to impacts. ‘Bioregions* of the Upstream Project Area based on landscape, geology, climate and
ecological communities are shown in Figure 5.1,

2 The team spent a total of two and a half months in the field from helicopter-serviced survey camps in remote montane jungles. Three
of the scientists were also key staff in the previous WWF biodiversity surveys.

® The bioregions have notional boundaries, with the centres of the bioregions having the core bioregion features, and bioregions
blending into each other at the boundaries.
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Figure 5.1:

Bioregions of the Upstream Project Area
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As described below, the biodiversity values of the Plate 5.2: Epiphytes in lower montane small crowned
Upstream Project Area are as follows: (i) extensive forest with Nothofagus

intact forest, (i) high floristic diversity, (iii) high : B s
faunal diversity, (iv) endemic species, (v) unique o
assemblages of species, (vi) species of conservation
concern and (vii) biodiversity of importance to local
communities for resource use and cultural and
spiritual purposes.

o

5.2.1.1 Extensive Intact Forest

Virtually the entire Upstream Project Area is forested,
with structure and floristics being influenced by
altitude, climate, topography, soils, geology, degree
of water logging and disturbance regime. Tree size,
leaf size and crown size decrease with increasing
altitude, although trunk sizes of individual trees can still be great in mid-altitude zones. Species diversity of

Box 5.1: Habitat dynamics

The dynamics of all the forests in the Upstream Project Area are determined by disturbance.

Gap Phase Dynamics - occurs where individual tree deaths produce small canopy gaps (1 hectare or less) and seedlings and
saplings that have stayed quiescent in the shade of the understory are ‘released’ and grow up to fill the gap. There is an element
of chance in which particular species fills the gap, and this is one mechanism that maintains the high diversity in tropical
forests. Gaps form all the time and produce continuous low-level disturbance.

Old landslides, Baia River

The need for disturbance in tropical forests tends to make them resilient to
human-induced disturbance, but the extent, type and duration of disturbance

is critical. Short-term, small-scale disturbances can mimic natural gap phase or
small-scale catastrophic dynamics. However, major changes to natural dynamics
result in system collapse or forest conversion. This can be brought about by large-
scale clearing, continuous small clearings fragmenting the forest, disturbances
being too frequent, fire, weeds and/or disease gaining a foothold, or hydrology
being altered. Human behavior promoting clearing and fire is the single biggest
factor influencing forest loss in PNG (Rogers, 2005).

Catastrophic Dynamic Regimes — are common in PNG. When large disturbances,
such as landslides, floods, fire, frost, drought or clearing, devastate large areas of
forest, the area usually regenerates through successional processes. Where the disturbance has exposed large areas of mineral
soil, species that can germinate in such conditions and thrive in full sun are favored over species that need more organic soils
and cannot tolerate open conditions. The Baia River area and the Homa region are examples of unstable landscapes driving
forest succession. Catastrophic disturbances, while a force for maintenance of some forests, can also produce ecosystem
collapse and convert an area to some other habitat type, usually grasslands or scrublands. Rogers (2005) gives several examples
of catastrophic events that have eliminated forest in certain locales.

Fire scar in Nothofagus forest near
Benaria

Fire — is a potent force in rainforest dynamics and even the wettest tropical forests
can burn during drought years. Swamp forests on peat are sensitive to fire. In
most forests, fire and/or extensive clearing can allow grasses and other flammable
species to invade. Such species will carry fire indefinitely if there are continuing
sources of ignition (people, lightning), and permanent grassland can result. Large
areas of the grasslands in the highlands were generated this way (Rogers, 2005).

Fire has had a considerable impact on PNG's forests, from the lowlands to the
subalpine zone. The climatic conditions for severe fire occur about once each
decade; however, there is no evidence to suggest that a single area of forest can
survive repeated burns at this frequency. Although extensive areas of lowland
forests may have originated from past catastrophic fires, such fires may occur once
every 100 years or more. With increased population pressure across mainland New
Guinea, the risk of repeated fires will increase as will the potential for conversion to
permanent grasslands, as has occurred across large areas of the highlands.
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Figure 5.2:

Distributions of broad vegetation groups within the Upstream Project Area
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trees tends to decrease with increases in altitude until the tree line is reached. While trees at all altitudes are
generally festooned with epiphytes, the cooler, wetter and foggier climates of uplands favour epiphytes, ferns,
certain conifers, cool-adapted, broad-leaved trees and mosses.

Seventy-five vegetation types or complexes are mapped by the PNG Plate 5.3: Begonia pseudobotrys
Forest Inventory Mapping System (FIMS) within the Upstream Project '
Area and have been grouped into 21 broad vegetation groups (BVGs) in
the EIS (Figure 5.2 and Appendix 4).

5.2.1.2 High Floristic Diversity

Floristic diversity is high and some 6,000 to 12,000 species from over
150 families of plants may occur. Orchids may be the most speciose
family with 342 species recorded in the vicinity of Kutubu alone.
Epiphytes and ferns dominate in many areas and there may be more
epiphyte and fern species in the Upstream Project Area than tree
species. Epiphytes make up 75 percent of the floristic diversity in upland forests.

Plate 5.4: Lithocarpus rufovillosus 9-2-1.3  High Faunal Diversity

Using the combined data from the Project and the WWF surveys, there
are 3,957 locality records of 702 species of terrestrial mammals, birds,
reptiles and amphibians. One Plate 5.5

hundred thirty-two species of .
mammals were recorded and a
further 28 bat species could occur;
46 (35 percent) of the recorded
species are bats and 50

(38 percent) are rodents. After
rodents and bats, the most speciose groups are the 11 species of
possums, 8 species of macropods, the 6 cuscuses, and 7 marsupial
carnivores.

Ficus arfakensi

The richest bioregions for mammals are the Western Volcanics and the
Plate 5.6: Rhododendron Eastern Uplands Volcanics/Karst. They include the optimal altitudinal

- belt and have some areas of volcanic soils with more productive forest.
The Northern Montane Karst is above the optimal mammal elevation
belt and the fauna there is depauperate Plate 5.7: Nyctimene aello
in rodents but has a high diversity of L
marsupials. In general, the number
of species of arboreal marsupials
increases with altitude but, by contrast,
that of bats declines, particularity the
flying foxes (Pteropodidae). While many
non-volant mammals frequent the forest
interior, data from the Project surveys
showed fewer species of insectivorous bats use the interiors of rainforest than
expected. Instead, forest edges, the edges of rivers and major clearings or
open areas are primary habitats for insectivorous bats.

There are 402 known bird species in the Upstream Project Area and a further
131 species could occur. Parrots, pigeons, honeyeaters and birds-of-paradise
are the largest families and between them account for over 28 percent of the
total species in the Upstream Project Area. Both the lowlands and
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mid-montane bioregions have higher species numbers than the higher montane areas, a well-known
phenomenon in mountain avifauna. This mid-altitude region is an overlap zone where the ranges of montane
and lowland species intersect.

Plate 5.8: Superb fruit dove Migratory birds are concentrated in the coastal
areas and wetlands in the Kikori Lowlands but the
area does not appear to be significant for migratory
waterbirds, as it lacks the open wetland habitats
these species prefer.

There are 61 species of reptiles recorded so far
and there is a distinct reduction of reptile diversity
with increasing altitude since few species tolerate
the cold, wet climates of the mountains. Most of the
reptile species are small- to medium-sized skinks
inhabiting forest or forest clearings and they are
the only lizards found so far in the high montane
karst areas. Crocodiles and freshwater turtles are
restricted to the lowland rivers. Arguably, the most important reptile occurring in the Upstream Project Area
is the New Guinea freshwater crocodile Crocodylus novaeguineae discovered by the Project surveys in the
Western Lowlands bioregion in 2008. While the reptile fauna is depauperate, there are 13 new species at
present only known from the Upstream Project Area. Like amphibians and plants, new species of reptiles are
to be expected in well-conducted surveys of remote parts of New Guinea.

Plate 5.9: Green tree python Morelia viridis at Juha Plate 5.10: The agamid Hypsilurus modestus

There are 107 species of frogs recorded so far and the tree frogs (Hylidae) and the Microhylidae dominate
the fauna. The availability of standing water has dramatic effects on frog community composition. The
Microhylidae have a reproductive strategy independent of free-standing water, laying their eggs in terrestrial
environments humid enough for their embryos to develop, and have radiated extensively in the constantly
moist, montane habitats. Because Hylidae need water, the Microhylidae can dominate in situations of high
humidity with no standing or flowing water.
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Altitude plays an important role in determining the Plate 5.11: The tree frog Litoria pronimia
distributions of most frogs because, at very high
elevations, the temperatures are too cold for most
species. Maximum frog diversity occurs in the low
mountain zone between 500 and 1,500 meters
above sea level. Those that live at high altitudes are
specialized cloud forest species, e.g., most of the
species of Albericus.

The fish fauna comprises 115 species. The PNG

fish fauna is largely derived from marine fish that
entered fresh water in recent geological times. With
the exception of Lake Kutubu, the fish fauna has few
specialist types that are restricted to a single food

or habitat type, so most of the resident species are
widely distributed. This overlap in diet and habitat requirements is an important mechanism for fish survival
since floodplain habitats (e.g., swamps of the lower Kikori River floodplain) may dry out during severe

El Nifo-Southern Oscillation drought years. Altitude, habitat type and sediment regime appear to be the
primary factors controlling the diversity and abundance of fish and other aquatic fauna in the rivers of the
Upstream Project Area. At the highest altitudes, e.g., the Juha and Karius areas, only the fimbriated gudgeon
(Oxyeleotris fimbriata) occurs. In lower altitude rivers and streams, the fish assemblages are generally

more diverse.

Overall, the faunal communities are intact, reflecting the generally undisturbed nature and isolation of most

of the KICDP area. Many rare species persist next to the Kutubu Petroleum Development Project facilities, a
result of the small footprint of facilities and the strict environmental controls that have been maintained to date.
Though overall diversity decreases at higher altitudes, faunal assemblages are most specialized and restricted
in the high montane bioregions, i.e., the Western Volcanics and Northern Montane Karst bioregions and the
proportion of primary-forest specialist birds, marsupials and specialist amphibians increases with altitude. The
species-rich lowland regions tend to include many taxa that are widespread and adapted to disturbed habitats.
The consensus of the scientists conducting the Project surveys was that it is unlikely that many faunal species
will be found to be restricted to small, localized areas of the Upstream Project Area, although cavernicolous
bats may roost or breed only in certain caves.

Plate 5.12: A new species of microhylid 5.2.1.4 New Species

The surveys in the Upstream Project Area have
discovered numerous species new to science, a
reflection of the poor biological documentation of
the region prior to 1995. Five species of mammals,
11 of lizards and 50 of frogs new to science were
discovered by the WWF surveys while the Project
surveys added a further 3 lizards, at least 10 frogs
and possibly 2 new bats. The Project surveys also
found 31 plants new to science. Recent exploration
on Mount Bosavi has added 16 new frogs and
possibly 3 new mammals'. No bird species new to
science have been recorded in the Upstream Project
Area.

4 http://www.guardian.co.uk/environment/2009/sep/07/discovery-species-papua-new-guinea.
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5.2.1.5 Endemic Species

The Upstream Project Area is especially significant for endemic species. Seventy-five percent of the non-
volant mammal species so far recorded from the Upstream Project Area are New Guinea endemics and there
is a trend for increasing endemism with increasing altitude.

One hundred sixty-one species of birds in the Upstream Project Area are endemic to the island of New Guinea
and a further 53 endemic to Melanesia. The Upstream Project Area lies entirely within two endemic bird areas
(EBASs), the Central Papuan Mountains and the South Papuan Lowlands, that support a high concentration

of what is termed ‘restricted range species’ (geographic ranges less than 50,000 square kilometers) found
nowhere else (Stattersfield et al., 1998). The Central Papuan Mountains have the second highest number of
restricted-range species of all EBAs in the Southeast Asian island region and includes nine endemic genera
(BirdLife International, 2003). Eighteen restricted-range species of the Central Papuan Mountains have

been recorded in the Upstream Project Area and a further 16 could occur there. All but five of them are high-
mountain specialists. There are far fewer restricted-range species within the South Papuan Lowlands EBA but
two have been recorded in the Upstream Project Area and two more could occur.

There are notable concentrations of nationally endemic birds in the Western Foothills, Western Volcanics and
Northern Montane Karst bioregions.

Well over 90 percent of the amphibians and reptiles recorded from the Upstream Project Area are endemic to
New Guinea (S. Richards, pers. com.) and many of the frogs and reptiles discovered on the WWF and Project
surveys are known only from the Upstream Project Area so far. However, experience from these surveys
indicates that it is too early to be able to say these species do not occur elsewhere. All of the Project surveys
extend the ranges of species previously known only from one or two localities, e.g., successive EIS surveys
extended the ranges into the Juha and/or Homa Deviation areas of six undescribed species known previously
from only one locality each in the Upstream Project Area. The EIS surveys also extended the range of Litoria
sp. nov. 14 (cf Ok Menga), previously only known from the Star Mountains, into the Upstream Project Area.
Endemism is unlikely to be so localized in the Upstream Project Area that development of Project facilities and
infrastructure would negatively impact any one species.

A total of 15 fish species are endemic to the Kikori River catchment, 12 of which occur in Lake Kutubu. This
high level of lacustrine endemicity exceeds that of any other lake in the New Guinea—Australian region. Five of
these endemics (Hephaestus adamsoni, Mogurnda furva, M. spilota, M. variegata and M. vitta) comprise up to
40 percent of the artisanal fishery and subsistence fish catches in the lake.

5.2.1.6 Unique Assemblages of Species

The Upstream Project Area contains notable assemblages of species. Among these is the high diversity of
birds-of-paradise with at least half of the 40 living species and nearly two-thirds of the 31 species recorded
in New Guinea and its satellite islands occurring in the Upstream Project Area. They are diverse in upland
regions and many, such as the blue bird-of-paradise (Paradisea rudolphi), have restricted distributions.

An important find in the Upstream Project Area is the greater melampitta (Melampitta gigantea), one of New
Guinea’s most enigmatic birds, which is restricted to rugged limestone country where it roosts and nests below
ground (the world’s only passerine to do so).

The Upstream Project Area, in which one third of the New Guinea frog fauna has been recorded, has the most
diverse assemblage of amphibians documented yet recorded for a catchment in New Guinea.

Lake Kutubu stands out as having a remarkable assemblage of fishes.
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Table 5.1: Species in different IUCN red list categories and listed under the PNG legislation in the
Upstream Project Area
IUCN Status Protected under Restricted in Not Listed under Grand Total
the Fauna Trade under the PNG Legislation
(Protection and International
Control) Act 1966 | Trade (Fauna and
Flora) Act 1979
Critically
endangered 3 8
Endangered 4 4
Vulnerable 4 2 8 14
Near threatened 2 2 16 20
Data deficient 27 27
Not listed 24 26 27 77
Grand total 30 30 85 145
Table 5.2: IUCN critically endangered and endangered species in the Upstream Project Area

Common Name

Species Name

IUCN Status

Bulmer’s fruit-bat (possible only)

Aproteles bulmerae

Critically endangered

Long-beaked echidna

Zaglossus bartoni

Critically endangered

Tree Halfordia papuana Critically endangered
Goodfellow’s tree kangaroo Dendrolagus goodfellowi Endangered
Tree kangaroo* Dendrolagus notatus Endangered
Tree Bleasdalea papuana Endangered
Tree Flindersia pimenteliana Endangered

" In the EIS this species was recorded as D. dorianus and classed as vulnerable. Taxonomic changes have since split
D. notatus from D. dorianus.

Box 5.2: Tree kangaroos

There are 14 species of tree kangaroos, twelve of which are endemic to New Guinea. These are the largest native land mammals
in PNG and unique amongst kangaroos in that they are arboreal, although they come down to the ground frequently. They
feed on leaves and fruits and tend to be solitary. They are heavily hunted and this has reduced populations of most species
throughout New Guinea. Four of the New Guinea species are classified as vulnerable by the IUCN (2010), four as endangered
and three as critically endangered.

Tree kangaroo Dendrolagus notatus

Three species occur in the Upstream Project Area. The brightly colored
Goodfellow’s tree kangaroo, Dendrolagus goodfellowi, is a resident of montane
forests of PNG and does not extend into West Papua, Indonesia. The subspecies
most likely to occur in the Upstream Project Area is D. goodfellowi buergersi,
which occurs along the central ranges, west to the Strickland River. It is very
susceptible to hunting, and numbers have been heavily reduced by persecution
and forest clearance.

D. notatus was recently split from D. dorianus and occurs only in the central
ranges of PNG. Its habitats and distribution are similar to the Goodfellow’s tree
kangaroo but generally occurs at higher elevations. It appears to exist at naturally
low densities.

The lowland tree kangaroo, D. spadiy, is classified by the IUCN as least concern. It is one of the least-known tree kangaroos
and has a broad distribution in the south central lowlands of PNG centered on the Kikori River where there is little settlement.
Hence, little is known of this species and the loss of habitat and hunting pressure it has experienced.
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5.2.1.7 Species of Conservation Concern

One hundred forty-two'® species of plants and animals are listed as of conservation concern by the IUCN
(2010), under the PNG Fauna (Protection and Control) Act 1966 or under the PNG International Trade (Fauna
and Flora) Act 1979 (Table 5.1).

While the EIS considered impacts on listed species, the IFC Performance Standard 6 refers only to species
classified by IUCN as Critically Endangered or Endangered in relation to critical habitat. These species are
listed in Table 5.2 and are the biodiversity values of interest with respect to this Biodiversity Strategy.

Box 5.3: The Honeanda Complex

Another example of the link between biodiversity and the local communities is the complex of significant ritual sites on the
Pagada ridgeline, including the Honeanda Complex, located in the vicinity of the onshore LNG Project Gas Pipeline route
between Hides and Idauwi. This site complex represents the largest remaining series of hoop pine (Araucaria cunninghamii)
groves in the region and possibly the largest single stand in New Guinea due to their anthropogenic nature and the fact that
all other major ritual sites in the Tari region have been logged. Each grove marks the presence of one of the sites in this ritual
site complex and it is a significant cultural heritage site in the Upstream Project Area. An early pipeline route option considered
by the Project crossed this site; however, following consideration of the findings of cultural heritage surveys of the area and
consultation with relevant clans representatives, Esso Highlands Limited realigned the onshore LNG Project Gas Pipeline ROW
to avoid the Honeanda Complex and associated hoop pines. This realignment is shown in the figure below.

It is worth noting that, while the hoop pine, a species shared with Australia, has cultural significance, the New Guinea endemic
congener klinki pine (Araucaria hunsteinii) has no cultural significance.

The Honeanda Complex
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'5 Since release of the EIS, the IUCN Red List has been updated and while the species listed under the PNG Fauna (Protection and
Control) Act 1966 remain the same, the status of many species listed by IUCN has changed. This is the most recent figure.

BIODIVERSITY STRATEGY 28




5.2.1.8 Biodiversity of Importance to Local Communities for Resource Use and Cultural and Spiritual
Purposes

Local communities in PNG are linked to the biodiversity values of the surrounding land through their reliance
on subsistence-oriented production and a close physical and spiritual relationship to ancestral territories.
Subsistence land use in the Upstream Project Area consists of shifting cultivation, hunting and gathering and
sago production. Shifting cultivation occurs in all forest types but is restricted by terrain and soil quality. Hunting
and gathering is not so constrained and the forest provides a vast array of natural resources to local people.
Prey includes pigs, cassowaries, wallabies, bandicoots, megapodes, rats, frogs, possums, snakes, bats,
crocodiles, turtles, lizards and birds. Particularly high-value items are birds-of-paradise and cassowaries and, in
the lower parts of the Kikori River basin, pig-nosed turtles (Carettochelys insculpta), listed under the IUCN Red
List (IUCN, 2010) as vulnerable, but whose flesh and eggs are a significant food source for local communities.

Sago production occurs only in swamp forests and sago from a single palm is usually sufficient for a family for
a month. Palm by-products are used for roofing and building.

In addition to relying on the land for subsistence- Plate 5.13: Unbroken low altitude medium crowned
oriented production, there is a strong spiritual forest between Juha and Hides
connection with the land, and culturally significant WS S Ta
sites often include caves, sacred lakes, swamps ;
and creeks, limestone outcrops, sacred groves, and
plant harvest and hunting areas. For example, some
sacred sites associated with water link the places

of the living (such as villages) with the places of the
dead through the journeys travelled by the spirits

of dead family and clan members. Sacred sites

may be located on land and in watercourses. Both
landscapes and waterscapes were considered when
recording cultural and spiritual places during the EIS
and subsequent preconstruction surveys.

5.2.2 Priority Ecosystems

On the medium-scale, biodiversity management will focus on three ‘priority ecosystems’, which were identified
as part of surveys, and have particularly high biodiversity values associated with them (Figure 5.3). These are
the Juha area, Hides Ridge and the high-altitude forest above 1,800 meters on the Homa Deviation'.

In addition Lake Kutubu qualifies as a priority ecosystem in its own right.

Plate 5.14: Forests at Juha

-

6 These were termed ‘Special Areas’ in Appendix 1 to the EIS but grouped with focal habitats (next section) in the body of the EIS
(Chapter 10) as ‘noteworthy areas’.
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Figure 5.3:

Priority ecosystems within the Upstream Project Area
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5.2.2.1 The Juha Area

Juha is a remote region where there has been little human influence on the vegetation and fauna and its
ecological values are maintained by its difficulty of access. There are one or two small villages nearby but

not within the area, and their impact has been minimal to undetectable. This area particularly supports

the biodiversity values described in Section 5.2.1 due to the following attributes: (i) the remoteness of the
region and the lack of human influence on the vegetation and fauna; (ii) the lack of weeds and other exotics

in the area; (iii) the absence or the low populations of wild pigs; (iv) the absence of hunting. Among other
biodiversity values that are specifically represented in this area, Juha contains notable concentrations of
unique assemblages of frog species. The remoteness and mostly untouched condition of the forests warrant a
management focus on access restrictions during construction and operations to prevent the indirect impacts of
hunting, logging and induced settlement.

5.2.2.2 Hides Ridge

The high-altitude Nothofagus forest on karst above 1,800 meters shares with the higher regions of Mount
Sisa and the forests on the Homa Deviation a montane fauna in a mostly undisturbed environment. The
existing gas wells were drilled by rigs flown in by helicopter and the flow lines and helicopter pads have been
constructed by hand and have had little material impact in this area so its ecological values are maintained by
difficulty of access. The epiphytes and ferns developed on trees are the major component of plant biodiversity
in this forest type. The forests on Hides Ridge are little disturbed, and only two exotic weeds were recorded,
neither of which are invasive. Among other biodiversity values that are specifically represented in this area,
Hides Ridge contains (i) unique assemblages of plants, including three remarkable calcium-depositing ferns
that are likely restricted to these high-altitude karst areas; (ii) the potential for occurrence of caves of the
Critically Endangered Bulmer’s fruit-bat (Aproteles bulmerae); (iii) a high diversity of high-altitude birds-of-
paradise and high concentration of restricted-range, endemic high-altitude birds; (iv) frogs that may have
restricted-ranges.

This forest type is sensitive to fire and dieback, Plate 5.15: Hides Ridge lower montane small
and the high altitude means slow growth rates and crowned forest with Nothofagus
slow regeneration (Rogers, 2005); slow-growing
individuals of Nothofagus one meter in diameter
may be over 300 years old.

Dieback investigative surveys completed in the
Upstream Project Area in June 2010 indicate
dieback is present in the Hides Ridge area, more
specifically, the pathogen Phytophthora sp. has
been confirmed as causing the dieback. The
Nothofagus forest in the Hides Ridge area has been
historically affected by Phytophthora sp. but has
been regenerating in recent times.

The Hides Ridge area warrants special erosion
control and regeneration systems for construction,
but controlling access to this area in the long term
in order to eliminate indirect impacts of hunting and
weed and pest invasion is the highest priority.
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Box 5.4: Bulmer’s fruit-bat

This cave-dependent flying fox was originally described from subfossil material in an archaeological dig at 1,530 meters above
sea level at the Kiowa rock shelter, 2 kilometers east of Chauve Government Station, Chimbu Province in layers dated between
10,000 and 11,000 years before present. Menzies (1977) described the species from 200 skulls that were 'kitchen waste’ in a
human occupation site in a small entrance to a large limestone cave complex. Living animals were subsequently discovered in
1975 at an altitude of 2,400 meters in Luplupwintem cave close to the main walking track between Tabubil, the Ok Tedi mine
and Telefomin (Hyndman & Menzies, 1980).

In 1975, thousands of bats were present at Luplupwintem but, in 1977, only two bats were seen and local informants advised
Hyndman and Menzies (1980) that several groups of hunters entered the cave and virtually eliminated the colony. The cave
has a 100-meter drop at the entry, so hunters were keen enough to use ropes to get to their prey. A small number of bats were
again resident in Luplupwintem in 1992 and 1993 (Flannery & Seri, 1993).

The species is likely to occur more widely as there are two other modern records; an animal shot in 1984 near Telefomin,
Sandaun Province, and a recently hunted jawbone given to S. Hamilton in 1995 in the Eastern Highlands (Bonaccorso, 1998).

All that is know about the species’ ecology is that it is probably frugivorous and inhabits large, deep, inaccessible caves. It
probably commutes large distances to forage.

The Project surveys suggested an undiscovered colony could occur in large caves in the higher karst areas of the Upstream
Project Area. This remains unconfirmed but the preconstruction surveys have been made aware of the species and the
discovery of a large cave, even though there was no confirmation the species was present, resulted in precautionary redesign
of Project components.

5.2.2.3 High-altitude Forest Above 1,800 Meters on the Homa Deviation

The area above 1,800 meters altitude between Homa and Hides has similar qualities to Hides Ridge. It is
largely weed-free and has one of the highest mammal diversities in the Upstream Project Area. However,

it differs from Hides Ridge in two fundamental ways: it is not a pure karst area and hence has generally
better soils, and it is crossed by the walking trail from Homa to the settlement of Benaria. Regarding the
biodiversity values, high-altitude forest contains excellent forest area and condition, high diversity of flora and
high diversity of fauna. Construction through this area will require similar erosion control and regeneration
management as for Hides Ridge.

5.2.2.4 Lake Kutubu Wildlife Management Area

The Lake Kutubu Wildlife Management Area (WMA) of 25,455 hectares is the only WMA that the Project
footprint intersects. The high degree of fish endemism and the fact that the area is a WMA warrants special
consideration of this area. Other than Lake Kutubu, there are four other government conservation areas in the
Upstream Project Area'”, none of which are impacted by the Project. Box 5.5 provides a full description of the
Lake Kutubu WMA.

Eleven other areas of particular biodiversity significance in the southern section of the Upstream Project
Area have been identified by WWF (Figure 5.4). As yet, none of these WWEF significant biological areas have
received official recognition as a reserve within PNG.

5.2.3 Focal Habitats

Biodiversity values are captured at the small or local scale in several habitat types and areas that require
special focus for avoidance and mitigation measures. These are described below.

7 Neiru/Aird Hills WMA of 3,963 hectares southeast of Kopi, Libano—Arisai WMA of 3,964 hectares on Libano Creek, Libano—Hose WMA
of 7,736 hectares adjoining Libano—Arisai, and Sulamesi WMA of 86,451 hectares on Mount Bosavi.
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Figure 5.4: Areas of biodiversity significance recognized by WWF
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Box 5.5 Lake Kutubu

Lake Kutubu is the largest perched lake in PNG and is the second largest lake in PNG after Lake Murray in Western Province. It

is one of the only large permanent lakes in the highlands region of the Upstream Project Area. At an elevation of 800 meters
above sea level, the lake has a catchment area of 4,924 hectares, is about 19 kilometers long and 4 kilometers wide at its widest
point, and has a maximum depth of about 70 meters (Osborne & Totome, 1992). It lies within karst terrain and was formed
originally as a result of volcanic-derived debris and ash blocking the valley in which it now lies.

Twelve of the 18 species of fish in Lake Kutubu are endemic, the highest level of lacustrine endemicity of any lake in the New
Guinea-Australian region. Five of these endemics comprise up to 40 percent of the artisanal fishery and subsistence fish
catches in the lake (Enesar, 2005) and provide an important source of dietary protein for the local communities residing within
the lake’s catchment.

Lake Kutubu is included in the Lake Kutubu Wildlife Management Area (WMA) (see figure below), and is currently managed under
the WMA arrangement. The boundary includes most of the lake’s catchment and approximately 1,000 hectares of surrounding
swamp forest. The lake was listed as a Ramsar wetland in 1998 and the Ramsar boundaries match those of the WMA.

Not only does the biodiversity of Lake Kutubu provide significant resources for local communities living around it, but the lake
is also the locale for a number of traditional myths. Sisibuitono (see figure below), a myth site of major significance to the Lake
Kutubu region, is a small grassy island at the northern end of Lake Kutubu that marks the location of the original mythical tree
from which the waters of Lake Kutubu flowed.

Lake Kutubu Wildlife Management Area
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Plate 5.16: Large cave in the
Upstream Project Area

Plate 5.17: Sinkhole swamp on
Hides Ridge

5.2.3.1 Caves

Caves are abundant in the karst of the Upstream Project Area, but only
some are important for conservation of cave-dwelling bats as particular
species require caves with specific conditions and architecture in which to
roost and breed. Large caves in the uplands may support colonies of the
extremely rare and critically endangered Bulmer's fruit-bat.

5.2.3.2 Sinkhole Swamps

Sinkhole swamps are microhabitats of ponds at the bottom of dolines or
depressions in high-altitude karst on Hides Ridge, where falling leaf litter
and other organic debris has impeded the drainage. These are the only
habitats where tree frogs and other water-dependent frogs can breed in
karst, which tends to have few flowing streams.

5.2.3.3 Upland Streams

Stream condition is important for maintaining populations of torrent-dwelling
frogs and birds such as Salvadori’s teal (Salvadorina waigiuensis),
torrent-lark (Grallina bruijni) and torrent robin (Monachella muelleriana).
The torrent-dwelling frogs, in particular, require fast-flowing, clear-water,
rocky streams with intact riparian vegetation. Such vegetation can also be
a specialized habitat for hydromyine rodents and, less commonly in these
higher elevations, for birds.

5.2.3.4 Swamp Forest

Swamp forests support a range of specialist vertebrates, including the
twelve-wired bird-of paradise (Seleucidis melanoleuca), the New Guinea
flightless rail (Megacrex inepta) and a range of freshwater turtles and
crocodiles. The swamp forests are not always wet but are maintained

by a drying and wetting regime. Drier conditions promote the growth of
trees and a forest structure. Wetter conditions promote palms, particularly
sago palms. Ponding converts them to freshwater swamps and, if there

is seawater ingress, to mangroves. Dry conditions convert them to drier
forest complexes, scrublands or grasslands. Swamp forests tend to be
resilient to disturbance but the dependence of these forests on inundation

and restricted drainage means that changes to hydrology may destroy them. Fire can eliminate these
complexes if they are developed on peat substrates, which can readily burn when dried out.

Plate 5.18: Swamp forest complexes at Lake Kutubu
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5.2.3.5 Stream Refuges in Unstable Landscapes

Areas of mature habitat on stable substrates (for example, stream heads or small plateaus) are
disproportionately important as regional fauna refuges in otherwise unstable and landslide-prone areas
around the Baia River on the pipelines route from Juha to Hides. Moreover, the dynamic hydrological
conditions of major rivers in these unstable landscapes mean that the clearing, earthworks and sedimentation
effects of Project construction activities add little damage to what occurs naturally. In these circumstances, it
is appropriate to shift the emphasis of environmental management from its usual focus on river crossings to
protecting the more stable backwater refuge areas in the general vicinity.

5.2.3.6 Lowland Rivers in Stable Landscapes

The lowland rivers in more stable landscapes
provide the habitat for crocodiles and freshwater
turtles. Within the Upstream Project Area,

there does not appear to be a specialized bird
fauna restricted to riverine forest (as there is

in gallery forests in dry woodlands). However,
some species are notably abundant, including
kingfishers and shining flycatchers (Myiagra
alecto). In the lowlands, riverine forest supports
a variety of large fruiting trees and there are
consequently many pigeons and parrots. No
species is restricted to this habitat, but many
birds will take refuge in riverine forest during the
drier parts of the year and at hot times of the
day, particularly in the lowlands.

Plate 5.19: Pig-nosed turtle (Carettochelys insculpta)

5.2.3.7 Off-river Waterbodies

The discovery of breeding New Guinea freshwater crocodiles in a small, off-river waterbody alongside
the Baia River during the Project surveys identifies this habitat type in unstable lowland landscapes as a
management priority. Such habitats are created by localized damming of runoff by landslides and should
therefore be reasonably simple to maintain through construction.

5.2.3.8 Habitats and Flora and Fauna of Cultural Significance

Culturally significant areas, habitats and species may occur throughout and surrounding settled areas in the
Upstream Project Area. They may vary from a small swamp that harbors a spirit to a place where medicinal
plants are harvested. As such sites are only known to locals and cannot be located by outsiders, local input is
included in the preconstruction surveys.

5.3 RISKANALYSIS AND IDENTIFYING POTENTIAL IMPACTS TO BIODIVERSITY VALUES

The EIS was prepared to assess potential impacts on a range of environmental and social parameters.
Twenty-six independent studies carried out by environmental technical specialists, many with long experience
in PNG and the Kikori River region, were conducted to assess the potential impacts of the Project and
reported as appendices to the EIS and the results summarized in the main body of the EIS™.

8 Part Il of the EIS presents the impact assessment for the Upstream Project Area. The results of the cultural heritage impact assessments
and of the socio-economic impact assessments are given on a Project-wide basis in Chapters 22 and 23 of the EIS, respectively.
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Box 5.6: New Guinea’s long-beaked echidnas

There are four species of echidna; all occur in New Guinea and one is shared with Australia. The three species of long-beaked
echidnas, Sir David's long-beaked echidna (Zaglossus attenboroughi), eastern long-beaked echidna (Z. bartoni) and western
long-beaked echidna (Z. bruijnii), are endemic to PNG and all listed as critically endangered by the IUCN (2010). Together with
the Australian platypus, they form the ancient monotremes.

Eastern long-beaked echidnas occur in the Upstream Project Area and are large, ant-eating, terrestrial, egg-laying mammals
reaching to 0.75 meters in length and weighing up to 9 kilograms. While echidnas are mostly forest animals, if not persecuted,
they can occur in grasslands and secondary forest areas. Zaglossus are specialised feeders of earthworms, which they detect
with their keen sense of smell. Signs that an echidna may be present are the tubular holes that they make with their snouts
when foraging.

Hunting has reduced populations of long-beaked echidnas in most populated regions of New Guinea and they have become
extinct in several areas. If not persecuted, they can attain moderately abundant populations but this now tends to be localised
to inaccessible rugged mountains.

The impact assessment for biodiversity relies on the biodiversity data collected during project surveys and on
expert opinion on the dynamics of the habitats and species involved, as well as on the experience that had been
gained with other hydrocarbon and resource projects. In such a diverse region as the Upstream Project Area,
the knowledge of species biology and of habitat dynamics varies from reasonable to non-existent so impact
assessments needed to be guided by a decision system that attempted to produce consistency across discipline
assessments. The system had, as its core, the concept of significance of an impact, which in this case had the
common English meaning of the word, not classical statistical significance.

For the EIS, significance was derived from two elements: the magnitude of change, including scale and duration
of the impact; and the value or sensitivity to change of the receptor (species or habitats). The magnitude of
impact was defined for three classes of effects: habitat impacts, population impacts, and other ecological effects
that degrade habitat or reduce population viability e.g., barrier effects, fire, exotic species, contamination etc.
Categories and definitions of magnitude are shown in Table A5.1 of Appendix 5. The value and/or sensitivity of
the receptor related to biodiversity value is shown in Table A5.2 of Appendix 5. Significance was determined by a
cross tabulation of impact magnitude and value of the receptor (see Table A5.3 of Appendix 5).

This approach is similar to Esso Highlands Limited’s preferred risk-based assessment approach. Both
methods utilize criteria concerning magnitude and susceptibility to determine the significance/risk of an impact
and appropriate avoidance/mitigation measures to reduce the significance/risk of the identified impacts to
acceptable levels.

The impact analysis identified many potential direct impacts on biodiversity: habitat loss, edge effects, barrier
effects, physical damage and disturbance to caves, fauna falling in the pipe trench, erosion, movement of spoil
and changes to hydrology, materials handling, disposal of hydrotest fluids, dust, loss of breeding and display
grounds, noise, lights and other disturbance, Project traffic and other operations. Potential indirect impacts
included fire, dieback, the introduction and spread of alien species and diseases, hunting, and enhanced access
to the Project Area.
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The significance of residual impacts after mitigation of all but seven potential impacts were low. The seven
impacts whose residuals were moderate or major and therefore of most significance to biodiversity values were
habitat loss in priority ecosystems, edge effects in high-altitude karst, barrier and erosion impacts in deep, steep
cuttings in karst'®, and the indirect impacts of fire, the introduction and spread of alien species and diseases, and
enhanced access. The latter two are arguably the most significant in that they have the potential for system-wide
impacts in the Upstream Project Area forests. All seven residual impacts on the biodiversity values as defined

in Section 5.2.1 formed the basis for offsetting and monitoring. Examples of impact analyses are given in Table
A5.4 of Appendix 5 and a cross tabulation of the relevance of residual impacts to the biodiversity values are
presented in Table A5.5 of Appendix 5.

' These barrier and edge effects were divided in the EIS analysis into: ‘edge and barrier effects in high altitude karst’, ‘edge and barrier
effects on arboreal species in high karst’ and ‘erosion, movement of spoil and change to hydrology on arboreal species in high karst'.
The expression of these impacts in the Biodiversity Strategy is more useful.
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6.0 Goals and Objectives

6.1 GOAL

The goal of this Biodiversity Strategy is to retain the biodiversity values of the Upstream Project Area
on a regional scale for the long term. This goal is designed to be consistent with paragraph 10 of IFC’s
Performance Standard 6.

Box 6.1: IFC Performance Standard 6 paragraph 10 (critical habitat)
In areas of critical habitat, the client will not implement any project activities unless the following requirements are met:

= There are no measurable adverse impacts on the ability of the critical habitat to support the established population of
species described in paragraph 9 or the functions of the critical habitat described in paragraph 9.

= Thereis no reduction in the population of any recognised critically endangered or endangered species and any lesser
impacts are mitigated in accordance with paragraph 8.

6.2 OBJECTIVES

The Biodiversity Strategy is based on the premise that achieving this goal requires objectives at a regional,
priority ecosystem and focal habitat scale as described in Chapter 5.

1. To maintain the ecological intactness of the Upstream Project Area as a whole. The long-term
maintenance of biodiversity requires long-term functioning of the ecosystems in the Upstream Project
Area. This objective can be realized by ensuring impacts capable of system-wide effects on function, i.e.,
invasion and spread of exotic weeds, pests and diseases, fire and uncontrolled access leading to wide-
scale deforestation and defaunation, do not propagate into the Upstream Project Area as a whole.

2. To conserve the priority ecosystems. Some Project infrastructure will be built within these priority
ecosystems and therefore it is necessary to demonstrate that these ecosystems do not degrade after
construction. This has required changes to Project design, the development of special mitigation measures
and will require ongoing management and control of access during operations.

3. To protect focal habitats. Focal habitats avoided or managed during construction need to be protected
during operations to ensure that the risks of reducing a population of a critically endangered or endangered
species are as low as possible.

4. To account for residual impacts.
All projects have residual impacts
and appropriately accounting Plate 6.1: Stakeholder consultation at Benaria (October 2005)
for these by offsets is the final : : : -
requirement to meet the goal of this
Biodiversity Strategy.

Integral to achieving the goal and
objectives of this Biodiversity Strategy is
a management hierarchy of avoidance,
mitigation, offset and monitoring, each
of which is discussed in Chapters 7, 8, 9
and 10, respectively.
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7.0 Avoidance of Impacts on
Biodiversity

7.1  PROCESS

Avoiding impacts on the biodiversity of the Upstream Project Area has been factored into Project feasibility,
planning and design studies since its inception. In practice, this has meant considering avoidance measures
at discrete phases of the Project and at discrete scales, the latter within the Upstream Project Area aligning
with the three scales of biodiversity values discussed in Chapter 5.

Early feasibility investigations prior to the EIS assessed avoidance measures at the regional scale by
contemplating the development of Project infrastructure on the north coast of PNG outside of the KICDP.
For various technical and environmental reasons, this option was discarded (Box 7.1).

Box 7.1: Pipeline routing: Upstream Project Area versus other regions

A major planning decision early in the Project lifecycle was whether to locate the LNG Facilities site on the north or south coast
of PNG. A north-coast option near Wewak would be closer to customers in Asia. However, constructing the LNG Project Gas
Pipeline to the north coast would involve crossing the central cordillera of PNG whose northern slopes are largely biologically
unexplored and undisturbed. Moreover, the extensive swamps and large rivers of the Sepik River floodplain would have to be
crossed and disturbed. Most of this almost wholly greenfield pipeline alignment

would cross country with no roads, little population and correspondingly large Existing controlled-access petroleum
expanses of primary tropical forest of even higher value than that of the Kikori road near the Kutubu Central Production
River basin. Facility

A south coast option through the Kikori River basin, on the other hand, could take
advantage of co-locating for much of its route in the existing disturbance corridor
of the Kutubu crude oil export pipeline ROW. Here, the limestone-dominated
terrain is inherently more stable, the risk of a seismic event is lower, and the
environment and social setting are much better understood.

Esso Highlands Limited did not, therefore, proceed with the north coast option
because the environmental (largely biodiversity) and constructability issues
outweighed the commercial advantages of lower LNG shipping costs.

Once the Upstream Project Area had been chosen, limiting impacts on biodiversity values focused on (i) the
large scale — the preferential siting of pipeline infrastructure and facilities in or near habitats that have already
incurred some level of disturbance, (ii) the medium scale — limiting the Project footprint in priority ecosystems
and (iii) the local scale — avoiding focal habitats.

7.2 AVOIDANCE MEASURES

7.2.1 Pipeline Routing — Options Within the Upstream Project Area

As part of the pipeline routing process, Esso Highlands Limited followed a hierarchical system of guidelines
to inform the preferential siting of pipeline infrastructure giving due consideration to sometimes competing
environmental, social and cultural, constructability and safety constraints (Box 7.2).

Significant alternate route options were analyzed in six pipeline route sections within the Upstream Project
Area to meet the above guidelines (Appendix 6 and Figure 7.1):

= An eastern versus western route from the Hides Gas Conditioning Plant to Kutubu Central Processing
Facility.

= Two routes from Idauwi to Homa.
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Box 7.2: Routing guidelines for the upstream pipelines

Level 1. Follow existing infrastructure corridors (e.g., the Kutubu crude oil export pipeline, few existing roads and other
infrastructure). If not possible then apply Level 2 guidelines.

Level 2. Route to best manage safety, social and environmental constraints.

= Route to optimize traversing landscapes of clearings, logged or degraded forest.

= |n areas of undisturbed continuous forest, choose the shortest route to reduce habitat loss. The shortest route would then
be modified, where practicable, according to the following safety, environmental and cultural criteria:

A Safety: Logging roads in Gulf Province
- The pipeline could be physically and safely built. Tl > s
- The crossing of active faults is reduced.
- Avoid or reduce traversing terrain prone to landslides.
B Cultural:
- Passing through villages is either avoided or reduced.
- Passing through areas or sites of high cultural significance is either avoided
or reduced.
C Environmental:
- Traversing a WMA or WWF noteworthy area for special protection measures
is either avoided or minimized.
- Traversing swamplands or other areas prone to flooding is either avoided or reduced.
- Traversing terrain containing longitudinal or side slopes is either avoided or reduced.
- Crossing of large watercourses is either avoided or reduced.
- Traversing terrain where soils are stable and not prone to erosion is optimized.
Level 3. In areas of existing petroleum production infrastructure, reduce interference with existing petroleum infrastructure.

Level 4. Environmental and social constraints too localized at the scale of mapping for the EIS were added to a catalogue of
constraints to be identified for tactical micro-scale routing in preconstruction surveys.

= Three routes from Homa to Moro (Wage Creek).
= Two routes from Moro to the Ai'io River.
= Two routes between Manu and Gobe (Digimu River).

= Three routes from the Kikori River crossing to the Omati River Landfall.

In all cases, avoiding impacts on biodiversity by limiting losses of intact primary forest was a major
consideration of the large-scale routing process.

7.2.2 Priority Ecosystems

The three priority ecosystems that will see development as part of Phase 1 of the Project, i.e., Hides Ridge,
high-altitude forest above 1,800 meters on the Homa Deviation and the Lake Kutubu WMA, received particular
design consideration to limit impacts in these areas. Table 7.1 and Box 7.3 summarize the design and
management mitigation measures implemented by the Project to protect biodiversity values in these areas.
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Figure 7.1: Alternative pipeline alignments
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Table 7.1: Biodiversity-related design considerations and changes in priority ecosystems

Hides Ridge

Design options considered:

« This area received much study with the primary aim of limiting disturbance to terrain and reducing loss of forest on the ridge. Keeping
wellpad production and pipeline access facilities and infrastructure off the ridge by directional drilling from base of the ridge was analyzed
but a range of physical factors, including the difficulty of controlling pressure in the gas bearing formations, the highly stressed nature of
the rocks potentially fracturing shallow angle drill holes and limits to the density of drilling muds that can be used, conspired to force
abandonment of the concept.

» To limit the development footprint on the ridge, low-impact construction activities such as using similar helicopter-supported methods as
were adopted to build the existing gathering system at Hides field were investigated. However, constructing the pipeline and drilling wells
using only helicopter support was abandoned because of the limited cloud-free time on the ridge and because a ROW would still be
needed for heavy machinery to lay the 22-inch pipe.

* Manually building multiple above-ground flowlines with helicopter support using numerous small diameter pipes was canvassed as a
means of delivering the gas from the wellheads to the Hides Gas Conditioning Plant. This option was abandoned as the environmental
damage was likely to be greater because of the large work force that would need to be accommodated on the ridge and the necessary
wide ROW needed to accommodate the many pipes, and on which no regeneration could be allowed.

Design features implemented:

» Average pipeline ROW width reduced by ~ 50 percent i.e., 30 meters to 18 meters.
« Construction track and ROW separated where possible to reduce size of cuttings.
» High-level quarantine and access control.

Juha

The banks of the Baia River are particularly unstable and susceptible to erosion if disturbed. The proposed ROW will be located along the
more stable northern areas of the Baia River valley, and special construction procedures will be taken into consideration for the crossing of
the river to reduce the potential for landslip.

South of the Karius Range, the proposed pipelines ROW and access way cross karst terrain with small pools or swamps at the bottom of

some sinkholes offering high-value conservation microhabitats. Design mitigation and management measures to limit erosion and sediment

delivery to these habitats include:

« Aligning the pipelines ROW to bypass potentially high-value conservation swamps and sinkholes less than 50 meters deep where
practicable.

* Locating the temporary Juha drilling camp within the footprint of the Juha Production Facility.

» Optimizing construction to protect stream heads in the Baia River area and elsewhere above 1,800 meters to reduce erosion and
sediment delivery to those watercourses.

High-level quarantine and access control over the life of the Project.

High-altitude forest above 1,800 meters on the Homa Deviation

Deviation around Homa to reduce crossing and disturbance to steep slopes, unstable volcanic soils and a landslide-prone terrain.

Construction track and ROW separated where possible to reduce size of cuttings.

High-level quarantine and access control.

Lake Kutubu

Lake Kutubu has been a focal point for management and protection for Esso Highlands Limited in the design and planning of Project

pipeline routes and facilities. Design mitigation measures have been in areas as follows:

* ROW Optimization. Reducing ground disturbance in the catchment of Lake Kutubu by reducing the LNG Project Gas Pipeline ROW
footprint, in particular the crossing of watercourses draining into the lake thereby significantly reducing potential turbidity impacts to the
waters of Lake Kutubu.

¢ Liquids Loss Control. The Hides—Kutubu Condensate Pipeline that will share a common ROW with the onshore LNG Project Gas Pipeline
between the Hides Gas Conditioning Plant and Kutubu will feature four mainline valves at approximately 20- to 25-kilometer intervals
which will separate the pipeline into five segments and limit the volume of a potential spill from each segment to approximately 800 cubic
meters. A check valve approximately 12 kilometers downstream of the last mainline valve will provide additional protection within the Lake
Kutubu catchment. This valve will be buried; however, a security fence to restrict access will be installed as necessary. The volume
between the last mainline valve and the check valve will be approximately 360 cubic meters.

* Above-ground Fault Crossings. Project pipelines will cross major faults that could, if movement along the fault plane occurred, damage or
even rupture the pipeline. There are seven potentially active faults (15 splays) along the pipeline route between Hides and Kopi. Two
active faults, the Tibi Fault and Papua Fault, are crossed by the ROW at the north end of Lake Kutubu.

» Pipelines will be designed to withstand earthquakes with a return frequency of 300 years, but with sufficient ductile strength to deform
without rupturing under more severe shaking with a return frequency of 1,500 years. In order to reduce the risk of damage, in the vicinity
of the fault, the pipeline will be constructed above ground and include an expansion loop sized to take into account predicted vertical
movements of the fault.
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Box 7.3: Design mitigation measures in priority ecosystems

Pipeline ROW Formation Earthworks on Hides Ridge
. X . L . Hides Ridge very small crowned forest
The conventional practice of co-locating the pipeline trench and construction with Nothofagus

access track requires a pipeline ROW 18 meters wide. This will generally reduce ; ~
earthworks volumes in most types of terrain and, for much of Hides Ridge, could '
be achieved by routing along ridge tops. However, there are places where steep
slopes on the long axis of Hides Ridge would require large cuts to meet the grade
requirements of the access track. The alternative was therefore investigated of
separating the pipeline ROW from the access track in separate benches. The
stylized sections show that the volume of earthworks, and hence forest damage,
reduces considerably if the access track and pipeline ROW can be separated in this
way, and this approach has been adopted in Project design.

Between Homa and Idauwi—High-altitude Forest Above 1,800 Meters

This section of the onshore portion of the LNG Project Gas Pipeline ROW is constrained by lack of access roads, continuous forest
cover and unstable soils. A previous proposed western alignment (Option A) to facilitate a future public road took the onshore
portion of the LNG Project
Gas Pipeline ROW through
unstable volcanic soils on
steep slopes, where major
earthworks were needed
with the attendant issues

Reducing impacts on Hides Ridge

Option A

Option B

Volume of cut spoil
to be removed

of unstable slopes, erosion, - ™
o D
large footprint,tight g
i N
working space, workforce XX
i D
and public safety and the AN
, : oo e
disposal of cut spoil. A Colocated pipeine ROW_ \ULOUOLOLOLONY

)

and access track Y

NN acszenack
$ optimised

for vehicles

Ve

longer route (Option B)
running east, then south
was able to take advantage
of more stable soils and
ridge tops (see Figure 7.1).

Pipeline

Option A Option B

It involved more direct
clearing of forest, but
this was outweighed by
the stability, safety and

Initial routing option co-located pipeline and access track ROW:  Base case is pipeline ROW and access track, with separate

+ Major earthworks required to achieve grade limit for
access road.

+ Large volumes of excess spoil generated and sidecast.

access track routed in separate alignment in steep areas:
« Pipeline ROW routed along ridge top requires smaller cut.
* Access track can route across side-slope contours to

achieve road grade limit, resulting in smaller earthwork cuts.

+Overall, less earthworks and excess spoil generated

the other environmental
advantages of much
reduced earthwork
volumes, less cutting
spoil and lower fugitive
sediment potential.

Example of separated ROW and access track for Hides Ridge

Wage Creek Pipeline ROW Optimization - Lake Kutubu Catchment

= The original onshore portion of the LNG Project Gas Pipeline ROW alignment (Option A) along the valley of Wage Creek
to a point near Lake Kutubu was the shortest constructible route between Homa and Moro, but faced a number of
environmental constraints. Wage Creek occupies a narrow and steep valley and flows directly into Lake Kutubu. Earthworks
would increase sedimentation in Wage Creek and through its delta. As well, the route traversed previously undisturbed
terrain and an area of ecologically significant swamp forest.

= Option B, subsequently proposed, followed an existing road and co-located the main upstream Project logistics route
with the onshore portion of the LNG Project Gas Pipeline ROW. The pipeline ROW was longer by 12 kilometers but largely
avoided the impacts of Option A.

= On further evaluation, a decision to use the ‘ring road’ between Moro Junction, Poroma, Tari, ldauwi and Hides as the main
upstream Project logistics route rightly separated the discrete pipeline construction and logistics functions. Option C, as
proposed between Homa and Moro, no longer has to meet the shallower slope angle required for road construction and
therefore has been optimized to use steeper ground to shorten the route. Option C takes the onshore portion of the LNG
Project Gas Pipeline away from swamp forests north of Lake Kutubu, maintaining a buffer width greater than1 kilometer
between the pipeline ROW and the edge of the lake, onto the more stable limestone hills resulting in reduced clearing and
disturbance impacts to the sensitive swamp forest of the lake (see Figure 7.1).
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Box 7.4: Limestone

Limestone and karst, which tend to produce poor soils, comprise 79 percent of the Upstream Project Area. On the limestone
plains of the lowlands and on some upland ridges, there is often a solid limestone pavement with little evidence of rock
breakdown and little soil, with the forest in these areas supported by its own thin root mat covering the pavement. These
forests are prone to wind throw that peels sections of forest off the pavement. Nutrient cycling on limestone pavements is
highly internalized, with the bulk of the nutrients tied up in the forest itself. Regeneration of these areas appears to be very
slow and require lichens and fine roots to form a mat in which larger plants and trees can germinate.

In areas of polygonal karst, in upland karst corridors and in the decomposing rock of the upper ridge slopes, tree roots can
penetrate into the many fissures and weaknesses in the rock. Consequently, trees have bigger crowns and boles, producing
better developed forests overall, similar to those on the richer valley alluvial soils. A feature of polygonal karst is the rarity of
flowing steams; most surface water runs into the limestone through numerous fissures or into sinkholes. Underground rivers
can also break out and form surface streams.

Most of the limestone landforms are well drained, and perched valleys with terra rossa clays occur in the uplands. However,
the watertable in many parts of the lowlands is close to the surface and in areas of impeded drainage, dry forest gives way to
palm- and pandanus-dominated swamp forest, swamps and wetlands. Close to the coast, swamp forests and swamps merge
into mangroves.

While there is a specialized limestone flora, it is not restricted to the limestone of the Upstream Project Area.

Only some 21 percent of the Upstream Project Area is on volcanics and alluviums that provide high-quality growing conditions
for plants. The soils on flat and rolling terrain are preferentially used for shifting cultivation, and the forest in these areas has
been cleared or comprises a complex of secondary growth, old growth forest and regenerating areas.

Water ponding on karst on the
A large waterfall has its source in this  Kutubu crude oil export pipeline ROW  Darai Plateau showing polygonal karst
upwelling from karst at the Liddell River approaching the Mubi River valley countryside

7.2.3 Focal Habitats

Following the EIS process, Esso Highlands Limited committed to undertaking preconstruction surveys for
all worksites, prior to the commencement of work. The objective of these surveys was to identify additional
environmental and cultural heritage sensitivities that were impossible to map at the scale of assessment
conducted during the EIS and to develop appropriate site-specific mitigation measures focused on avoiding
local-scale focal habitats where possible. As of 30 June 2010, over 80 surveys have been conducted for
ecology, weeds and cultural heritage and over 40 sites were surveyed for surface water quality.

As well as the focal habitats, the preconstruction surveys searched for the following sensitivities as required
by the Project’s environment permit:

= Recognized or pending protected areas, which include but are not limited to WMAs, conservation areas,
Ramsar sites, provincial reserves, national reserves, sanctuaries and protected areas, and national parks.

= Any species protected under PNG legislation or listed in CITES appendices, or in the IUCN Red List as
critically endangered, endangered, vulnerable or data deficient.
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Potential Bulmer’s fruit-bat colonies.

Bird-of-paradise and bowerbird display grounds or trees.

Large individual trees (greater than 1 meter diameter at breast height).
Nothofagus forest that will require special hygiene measures.

Areas of Nothofagus dieback.

Areas of infestations of priority weeds or pests that require management.

High-risk areas for new weed and pest invasion.

Cultural heritage (archaeological and oral tradition) sites.
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8.0 Identification of Mitigation Measures
and Development of Management Plans

8.1  MITIGATING IMPACTS THROUGH THE ENVIRONMENTAL AND SOCIAL MANAGEMENT
PLAN

The management and mitigation commitments contained in the EIS were taken forward during the
development of the ESMP for the Project (see Section 3.1.2).

All environmental and social management and mitigation commitments made by Esso Highlands Limited

are identified in the PNG LNG Project Environmental and Social Mitigations Register, which is used to track
and document the implementation and status of each commitment. The register is updated as necessary to
incorporate new commitments that arise as construction progresses. It includes site-specific mitigation and
management measures resulting from preconstruction environmental and social surveys and other alternative
and/or additional measures identified as Project execution progresses and lessons learned from field
programs are documented.

Some key environmental impacts relating to biodiversity in the Upstream Project Area, as listed in Table A5.4
of Appendix 5, are addressed in the following Esso Highlands Limited environmental management plans:

=  ESMP Appendix 1: Ecological Management Plan.

= ESMP Appendix 8: Weed, Plant Pathogen and Pest Management Plan.

= ESMP Appendix 9: Erosion and Sediment Control Management Plan.

= ESMP Appendix 11: Reinstatement Management Plan.

= ESMP Appendix 12: Induced Access Management Plan.

= ESMP Appendix 31: Quarantine Management Plan.

The scope of these plans and key management measures contained therein are discussed below.

Environmental preconstruction surveys will be undertaken both by Esso Highlands Limited and its contractors
in order to further define environmental characteristics on a site specific basis, assess the associated potential
environmental impacts to enable measures to prevent, reduce, mitigate, and otherwise manage and control
such impacts.

8.1.1 Ecological Management Plan

The objectives of the Ecological Management Plan are to reduce the impacts on habitat and specific ecological
aspects arising from construction activities. It addresses the impacts of habitat loss, edge effects in high-altitude
karst, barrier and erosion impacts in high-altitude karst, and barrier and erosion impacts in high cuttings.

The focus of the Ecological Management Plan is twofold: to protect particularly susceptible features from direct
impacts; and to pay due attention to preventing indirect impact processes that could survive the period of direct
impacts. It applies at all three scales of biodiversity values.

Environmental preconstruction surveys are undertaken prior to construction and the Ecological Management
Plan requires these surveys of all Project worksites to identify not only focal habitats but also karst pinnacles
that may contain bat colonies, bird-of-paradise and bowerbird display grounds or trees, large individual trees,
Pandanus swamp forest, Nothofagus forest that will require special hygiene measures and IUCN-listed species.

The outcome of the surveys are defined GPS-registered constraints/sensitivities for avoidance, definition of
further measures/methods to reduce and mitigate impacts on sensitive ecological features, such as seasonal
constraints (breeding and lekking periods, migratory stop-over or pass-through periods, etc.) and
identification of sections of access ways/infrastructure that require area or site-specific rehabilitation and
revegetation intervention.

Please refer to the Ecological Management Plan for further details.
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8.1.2 Weed, Plant Pathogen and Pest Management Plan

The objectives of the Weed, Plant Pathogen and Pest Management Plan are to prevent the introduction and
spread of alien species and diseases in the Project Areas during construction works, identify and contain,
suppress or manage significant weeds, plant pathogens and pests already in the Project Area to prevent spread
by Project activities and implement measures to reduce the risk of spread of dieback in Nothofagus forests.

The scope of this plan includes measures to address (i) new weeds, plant pathogens or pests® imported into the
Project Area from contaminated vehicles, machinery, equipment and/or freight and (ii) weeds, plant pathogens
and pests spread by Project activities from existing infestation/dieback areas.

The plan requires preconstruction surveys to identify activities that present a high risk of spreading weeds and
pests?!, construction areas that are high risk for new weed and pest invasion?, particular weeds and pests for
surveillance, control and management, including compilation of a list detailing priority weeds and pests?® and
common weeds, Nothofagus forest susceptible to fungal disease and associated dieback that will require
special hygiene measures, areas of Nothofagus dieback and areas of infestations of priority weeds or pests
that require management.

Control of priority weed species is required to prevent them becoming further established at Project worksites
and to prevent the spread of priority weeds beyond their current distribution. Monitoring for the presence of
weed species identified during preconstruction surveys shall be undertaken during construction and, when
encountered, priority weeds species shall be appropriately controlled. Topsoil from Project worksites shall not be
transported offsite nor stockpiled directly adjacent to natural drainage lines.

To facilitate the control of weeds, plant pathogens and pests, vehicle washdown facilities will be installed at
strategic locations to prevent contamination of priority ecosystems.

8.1.3 Erosion and Sediment Control Management Plan

The objectives of the Erosion and Sediment Control Management Plan are to maintain stable landforms to
reduce erosion and enhance reinstatement, maintain integrity of assets (through stable landforms) and reduce
adverse impacts on stream water quality, and associated beneficial values, and in-stream sedimentation. It
addresses the impacts of habitat loss, edge effects in high-altitude karst, barrier and erosion impacts in high-
altitude karst, and barrier and erosion impacts in high cuttings.

The scope of the plan includes measures to address destabilized landforms and soil erosion potentially
resulting in reduced water quality and/or reinstatement success, loss or degradation of topsoil from cleared
areas, potentially resulting in reduced reinstatement success and runoff from cleared and disturbed areas
causing increased suspended solids/turbidity and in-channel sedimentation, potentially resulting in reduced
water quality with consequent reduction in availability of aquatic resources and suitability of water for drinking.

Project contractors are required to assess and establish erosion and sediment control requirements for
each worksite (particularly in relation to site-preparation earthworks, road construction across watercourses,
watercourse diversions, site drainage), detailing specific erosion and sediment controls to be implemented
(e.g., diversion drains, sediment ponds and fabric silt curtains).

20 An exotic weed or pest is defined as an invasive (native or introduced) or introduced species that causes an adverse impact on the
ecology and/or communities.

21 High risk is defined as anything that a weed or pest can attach itself to, or be transported by.

22 High risk is defined as an area that intersects a priority ecological area, i.e., Hides Ridge, or anywhere that has potentially uncontrolled
access.

2 Weeds and pests that have a high potential for significant adverse impacts if an incursion occurs or spread from an existing incursion
occurs.
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8.1.4 Reinstatement Management Plan

The objectives of the Reinstatement Management Plan are to establish stable landform conditions in areas
disturbed as a result of construction activities and create ground conditions conducive to natural plant
regeneration. It is another plan addressing the impacts of habitat loss, edge effects in high-altitude karst,
barrier and erosion impacts in high-altitude karst, and barrier and erosion impacts in high cuttings.

No specific surveys are required for the plan as part of the environmental program; however, preconstruction
pipeline engineering surveys will be undertaken, which will include the collection of data required to facilitate
reinstatement planning.

Project contractors are required to develop site-specific reinstatement plans based on land systems or
equivalent and address ground-preparation activities, interim and permanent soil erosion and sediment
management issues, and approaches to revegetation (natural regeneration versus intervention). Project
contractors are required to undertake site reinstatement promptly and progressively as works are staged, and
as soon as possible after disturbance, taking into account the nature of subsequent Project activities that will
be undertaken at the same sites and agreed end uses.

8.1.5 Induced Access Management Plan

This plan is entirely focused on managing the potential impact of induced access. Its objectives are to control
access to new Project roads and reduce the occurrence of potentially damaging non-Project activities.

The planned approach for controlling access is an integrated management process that involves:

i) Use of natural terrain features and conditions to control access e.g., steep slopes, watercourses.
i) When no longer required, removal of strategic Project infrastructure to control access.

i) Installation of operational controls, e.g., security guards, physical barriers.

Additionally there are three specific measures for particular sections.

1. Controlling Access for the Southern Access Route?*: the road from Gobe to Kantobo will be closed
at the end of the construction phase to prevent induced access. A combination of natural terrain features
and the removal of two culverts will prevent through access in the Southern Access Route.

2. Kantobo Section: the removal of culverts will occur at the end of the construction phase. Natural terrain
and removal of culverts will prevent future passage of traffic.

3. Gobe Section: the removal of culverts will occur at the end of the construction phase.

8.1.6 Quarantine Management Plan

The Quarantine Management Plan has been developed to prevent the importation and spread of pest, plant
pathogen or disease (invasive species) via Project personnel or cargo and ensure full compliance with all
PNG laws and regulations.

24 The Southern Access Route is a Project-developed logistics route between Kopi in the south and Hides in the north. It involves
construction of new and repairs to existing sections of roads and bridges to allow transport of essential equipment and machinery to
develop the facilities and infrastructure in the Upstream Project Area.
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The objectives of this plan are to:

i) Prevent the importation and spread of pest, plant pathogen or disease (invasive species) via Project
personnel or cargo.

i) Ensure full compliance with all PNG laws and regulations.
iii) Facilitate expedient quarantine clearance of all freight imported into PNG for the Project.
iv) Implement effective quarantine control measures for the export of Project freight.

This plan is focused on prevention before either freight or personnel arrive in PNG. This is directly compatible
with PNG Government policy, which, in view of the high quarantine risk associated with the import of goods
such as new and used vehicles, plant and machinery, requires offshore cleaning and inspection before cargo
is exported to PNG.

8.1.7 Fire Management

Prevention and response to fires (including wildfires) is addressed as part of the Project Safety Plan.

8.2 EXAMPLES OF MITIGATING IMPACTS ON VALUES

The majority of the mitigation and management commitments from the ESMP are applicable to the Upstream
Project Area, priority ecosystems and the focal habitats. More specifically, 199 have been identified that apply
to all three aspects. Appendix 3 includes the number of mitigation and management measures included in
each ESMP appendix.

8.2.1 Upstream Project Area

There are 33 mitigation and management measures from the ESMP that are specific to the Upstream Project
Area. Examples of these include:

= The standard pipelines’ right-of-way (ROW) width for the Project is 30 meters. The pipeline ROW
disturbance area should be limited to a 5-meter-wide buffer either side of the standard pipeline ROW,
where practicable. Following construction, the ROW will be allowed to naturally regenerate except for
a 15-meter-wide swathe to provide a gap in the canopy for aerial surveillance of the pipeline. If there
is a requirement to exceed the ROW design width, the contractor shall seek approval through a formal
procedure from Esso Highlands Limited.

= Design the modified and new wharfs at the Kopi Shore Base to take account of channel characteristics of
the lower Kikori River that may affect the long-term stability of the river frontage.

= The construction and reinstatement of the pipeline ROW in the Omati River swamp area will be managed
to maintain natural hydrologic flows and connectivity in the surrounding area. Monitoring of vegetation
condition in the vicinity of the pipeline ROW will be conducted to assess the need for post-construction
remedial works in this area.

8.2.2 Priority Ecosystems

There are 29 management and mitigation measures from the ESMP that directly relate to priority ecosystems.
Those specifically related to Hides Ridge, for example, include:

= Prohibit transportation of live animals, plants or seeds to the Hides Ridge area.

= At Hides Ridge, hydrotest water sourced off the ridge will be discharged into the same watershed as its
source to prevent cross-contamination with live organisms from another catchment.

BIODIVERSITY STRATEGY 52



No quarries beyond cut to be established on the Hides Ridge where practicable.

No construction camps are to be constructed on Hides Ridge beyond Hides Wellpad A?® (with the exception
of drilling camps).

If a temporary drilling camp is necessary on Hides Ridge, there should be only one and it is to be located
near Hides Wellpad D and to be used by successive drilling campaigns.

The design criteria for the pipeline ROW width on Hides Ridge is 18 meters. During operations, the pipeline
ROW will be allowed to regenerate except for a 10-meter-wide access road required for ongoing drilling
and maintenance access to the wellpads on the ridge.

Control access to Hides Ridge west of Hides Wellpad A and implement a permit system for vehicle access
for the duration of construction.

Dispose of drilling fluids, drilling cuttings and other drilling materials in an appropriate manner away from
Hides Ridge.

Dispose of wastes from pipeline ROWSs and access ways construction activities (not spoil or timber) and
camps (including the drilling camp) away from Hides Ridge.

Identify areas requiring active revegetation on Hides Ridge and in areas between Idauwi and Homa, in
particular unstable volcanic terrains.

8.2.3 Focal Habitats

There are 14 mitigation measures specific to focal habitats from the ESMP. The main focus of these
management and mitigation measures is to avoid these particular habitat types, where possible. Examples of
these measures include:

Locate off-river waterbodies that might provide juvenile nursery habitat for New Guinea crocodiles and
swamps in sinkholes less than 50 meters deep, and avoid destroying or avoid sidecasting into them.

Implement appropriate avoidance measures for caves with bat colonies by prohibiting or controlling
blasting within 100 meters of known colonies of cave bats.

Reduce impacts on Pandanus swamp forest by designing access ways, pipeline ROWSs, facility sites and
supporting infrastructure to allow adequate surface flows.

Conduct surveys along access ways, pipeline ROWs, facility sites and supporting infrastructure sites to
identify sensitive features.

The main focus of the preconstruction surveys is to locate focal habitats (see Section 7.2.3). In instances
where these habitats are found, the management and mitigation measures in the ESMP are refined and made
specific to the survey site. Examples of site-specific mitigation measures include:

The Ramsar-listed Lake Kutubu is located downstream of the Moro Parker Camp worksite. Control is required
to prevent the release of pollutants to the Hamua Creek. Pursuant to Mitigation Measure M134 of Esso
Highlands Limited’s Water Management Plan, wastewater discharges shall be treated as necessary to comply
with the wastewater discharge conditions prescribed in the Environment Permit. A contingency plan shall be
developed to enable prompt preventive/remedial action in case discharge criteria may not be or are not met.

Pursuant to Mitigation Measure A61 of Esso Highlands Limited’s Weed, Plant Pathogen and Pest
Management Plan, control is required to prevent Lantana camara and frangipani ginger becoming established
at the Kobalu Camp worksite. Monitoring for the presence of these weed species shall be undertaken and,
when encountered, be appropriately treated (i.e., via chemical application) or otherwise controlled.

2 Wellpad A is the southernmost wellpad and located off the ridge in previously disturbed terrain.
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9.0 Development of a Biodiversity Offset
Delivery Plan

9.1 INTRODUCTION

Objective 4 of this Biodiversity Strategy (see Section 6.2) requires that residual impacts on biodiversity values
be appropriately accounted for through an offset program of conservation/rehabilitation measures, guided by
good industry practices. Planning and delivery of conservation/rehabilitation projects is not Esso Highlands
Limited’s core business nor does it have a right to make conservation decisions on lands it does not control.
Fundamental to the Project’s offset program, therefore, is the involvement of stakeholders who have the
knowledge, experience, skill and rights to help determine what may be appropriate and effective offsets and
how they may be delivered. At this early stage of Project development, this Strategy therefore presents an
outline only of an offset program that is being contemplated for the Project so as not to close off structures and
options that stakeholders may demonstrate are more appropriate.

Following stakeholder involvement, a detailed Biodiversity Offset Delivery Plan will be produced that will detail
what, how and when offsets may be delivered.

9.2 INTERNATIONAL GUIDANCE AND REFERENCES

Biodiversity offset is subject to a variety of definitions that reflect differing interpretations of terms such as
mitigation and compensation, and concepts such as no net loss, net benefit, the mitigation hierarchy of avoid,
minimize, restore and offset impacts on biodiversity. The definition of biodiversity offsets adopted here is
(BBOP, 2009a):

conservation outcomes resulting from actions designed to compensate for significant residual diverse biodiversity
impacts arising from project development after appropriate prevention and mitigation measures have been taken.
The goal....is to achieve no net loss and preferably a net gain of biodiversity.

Given that no net loss and preferably net gain is the aim of the offset program, there is a range of experience
that can be drawn upon from other jurisdictions. Biodiversity offset frameworks already in place or being
developed include:

= Australia:
Net Environmental Benefit (Western Australia).
Significant Environmental Benefit (South Australia).
Native Vegetation Framework (Victoria).
Biobanking Scheme (New South Wales).
Environmental Offsets Policy (Queensland).
= United States of America:
Habitat Evaluation Procedures.
US Wetlands Compensatory Mitigation.
= South Africa:
Western Cape Draft Provincial Guideline.
= New Zealand:
Risk Index Method and Averted Risk Formulae.
= European Union:
Resource Equivalency Methods for Assessing Environmental Damage.
= International:

Business and Biodiversity Offsets Program (BBOP).
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Box 9.1 Principles for the Biodiversity Offset Delivery Plan

A review of practices implemented or being developed internationally has allowed the following principles to be developed
for the Biodiversity Offset Delivery Plan.

1. Ano netloss approach has been adopted, but it is recognized that the suite of example offset projects currently
identified, if successful, could potentially provide some net gain and a range of conservation outcomes, well beyond the
Upstream Project Area, with no added cost.

2. Prior to developing offsets, the Management Hierarchy of avoid and mitigate was followed.
3. ABiodiversity Offset Delivery Plan cannot replace irreplaceable or extremely vulnerable biodiversity components.

4.  Local culture, safety and practicality limit potential offset projects. Offset projects that might clash with local cultural
norms, are unsafe, or impractical to deliver will not be pursued.

5. The Biodiversity Offset Delivery Plan recognizes that the key residual impacts on biodiversity values requiring offsetting
occur in a landscape that is not fragmented and is in a less-disturbed condition based on the scientific and local
information available for the area.

6. Landholder engagement is key to the offset program’s success. Any offset plan would require permission and most likely
participation from landholders before it could proceed. The final arbiters of which offsets can go ahead on particular
parcels of land are the landholders, rather than the Government of PNG or Esso Highlands Limited.

7. Initially, offset projects might need to comprise a range of measures that can be presented to landholders for
consideration and may not be the final set of offset projects that are implemented.

8. The final agreed-upon offset projects would be made publicly available.

Most offset frameworks appear to have sought to reduce uncertainty for development projects and provide a
scientific or engineering approach to offsets, which has in some instances resulted in complex systems but
has provided consistency across all types of projects within each jurisdiction. These existing national and state
frameworks have the advantage of being tailored to local environmental, legislative and social conditions.

BBOP has been used for guidance in developing the principles of the PNG LNG Project’s Biodiversity Offset
Delivery Plan.

9.3 DEVELOPING BIODIVERSITY OFFSETS IN THE PNG CONTEXT

The offset plan must take account of the uniqueness of PNG and the circumstances of the Project. It has to be
recognized that:

1. Papua New Guinea has no system, formal or otherwise, guiding the development of an offset plan.

2. Programs developed in jurisdictions with fragmented and degraded landscapes elsewhere have limited
relevance in extensively forested tropical landscapes such as those in PNG.

3. Acquiring or managing land as an offset is not a likely option because most land in PNG is subject to various
forms of customary, and hence inalienable, tenure and there is little land solely controlled by government.

4. Landholders successfully practice subsistence shifting cultivation; hence, to acquire lands for a biodiversity
offset project would likely affect landholders’ livelihoods.

5. There are limited offset opportunities on government-controlled lands in the Upstream Project Area.

6. Non-forested lands that may warrant restoration are rare in the Upstream Project Area and are mostly
restricted to roadsides. Non-forested land is part of the population’s agricultural base and provides for part of
their livelihoods. Thus, there is little potential for undertaking offset projects on this type of land.

7. Protected area establishment and management in PNG is difficult because most land is in customary tenure.
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9.4 OFFSETTING RESIDUAL IMPACTS

Objective 4 of this strategy requires that residual impacts on biodiversity values be offset (see Table A5.4 of
Appendix 5). Table 9.1 relates residual impacts to the three scales used to develop this Biodiversity Strategy.
The residual impacts requiring offsetting such as indirect Project-associated impacts and edge and barrier
effects, are mostly difficult or impossible to quantify and demonstrating that offsets are relevant to the residual
impacts will be difficult. This will be an important element of consultation and it is likely some system of expert
judgment will be required.

Table 9.1: Residual impacts associated with the Project ranked as moderate or higher

Impact Description Entire Priority Focal Habitats
Upstream Ecosystems
Project Area

Edge effects in high-altitude karst. X X
Direct Barrier and erosion impacts in high- X X
effects on altitude karst.
fauna . S o

Barrier and erosion impacts in high X X

cuttings.
Overall X X
habitat loss

Fire. X X X
Indirect Introduction and spread of alien X X X
impacts species and diseases.

Enhanced access. X X X

Esso Highlands Limited has approached this by challenge by adapting the Victorian Native Vegetation
Framework (Parkes, Newell & Cheal, 2003; DNRE, 2002) as a guide in planning its residual impacts offset
program. This method was selected because of its maturity.

The Victorian Native Vegetation Framework calculates a quantitative offset debt based on the formal
calculation of ‘habitat hectares’ that a development will clear. This is a function of the size of the area cleared,
its condition, landscape context, and defined conservation value. In the State of Victoria, this debt is then
repaid by acquiring and managing other lands that meet the same quantitative value of the debt, or by some
agreed conservation program. This requires an analysis of the potential offset actions that are available in the
form of lands that can be reclaimed and/or acquired for conservation purposes equivalent to the debt. In this
system, the emphasis is on acquiring conservation lands and the proportion of the debt that can be met by
revegetation schemes is restricted.

It is not possible for the Project to follow this system completely because, as indicated above, most lands

in PNG are under the control of landholders and, therefore, obtaining conservation lands is extraordinarily
difficult. Instead, the framework was used in order to calculate a habitat hectare debt based on the area to
be cleared by the Project. Then, instead of using this figure to determine the area of habitat to be secured for
an offset, it was used as a surrogate to estimate an approximate amount to invest in offset activities. Rules
for developing offsets were then developed and it is at this stage that consultation with stakeholders will take
place to determine the suite of offset projects that will be implemented.

There were sufficient data available from the EIS studies to calculate a habitat hectare debt with a slightly
modified set of algorithms (Appendix 7). The initial calculation was a debt of 6,586 habitat hectares?.
However, all but 15 meters of the ROW will be allowed to regenerate and so this means that, after 30 years,

26 This was based on estimates of forest loss in the EIS plus allowances for Komo Airfield. An assessment of as-built losses after
construction may require the calculations to be revisited.
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enough land will have regenerated to reduce this debt to 3,633 habitat hectares. Estimates were then made
of how much it might cost to reforest this amount of bare land?, which provided a base case for deciding how
much to invest in offsets?. It needs to be remembered that this estimate of offset debt included multipliers
and so resources would be committed above and beyond that which would be required to simply purchase or
replant the actual area of habitat lost.

Given that land purchases for conservation initiatives will be unlikely to form the bulk, if any, of the offset
projects, it is considered that the best approach is to choose offsets that are most suited to the specific
circumstances and stand the optimal chance of long term success in securing additional conservation
outcomes (BBOP, 2009b).

9.5 CHOOSING OFFSET PROJECTS
In developing offset projects with stakeholders, there needs to be an awareness of the following:

= ltis difficult to quantify what effect a particular offset project will have on the Project’s residual
environmental impacts on biodiversity values, and expert judgment will be a key component in the rationale
for offset selection.

= No offset project has a 100 percent chance of success.

= There is likely to be a time lag between investment in an offset and achieving the full effect of the
conservation benefits of an offset.

= Restricting offsets to be carried out in the Upstream Project Area may be suboptimal, and better outcomes
may be achieved elsewhere. This is particularly the case for Critically Endangered and Endangered species.

= Offset projects involving culturally important biodiversity need to be included in considerations of offset
projects if there are project residual impacts on these values.

= Ultimately the Government of PNG and landholders will be the final arbiters of what offsets may proceed.
A minimum set of preliminary criteria for the selection of biodiversity offset projects have been developed as follows:

1. The proposed project must address residual impacts on biodiversity values as identified in this Biodiversity
Strategy to the extent practicable given the in-country challenges (see Table 9.1 and Appendix 5, Table A5.5).

2. ldeally, the proposed project is carried out in the Upstream Project Area but may be carried out elsewhere
or may be carried out nationally.

3. If not carried out in the Upstream Project Area, the project should target the same biodiversity values as
are impacted by the project in the Upstream Project Area.

4. For species-based conservation projects, the proposed project must target threatened species of biodiversity
listed in the EIS and in priority order of Critically Endangered, and Endangered as listed in this Strategy.

5. Projects targeting Critically Endangered and Endangered species are best carried out where the best
outcomes can be generated.

6. Projects involving managing indirect impacts, e.g., exotic species management, will be favored if they
have a national or regional benefit beyond the Upstream Project Area.

7. If the proposed project has a research component, it must be an obvious requirement for the offset to be
implemented and must be subject to external peer review.

27 This was based on costs of employing, for example, a PNG forestry, environmental and/or landowner company, not the costs for using
foreign-based consultant companies.

2 This figure will not be made public as it may compromise discussions with stakeholders.
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8. Biodiversity survey components of offsets must be within the Upstream Project Area and focused on
the new species discovered in the Upstream Project Area and/or on the Critically Endangered or
Endangered species.

9. The potential must exist that landowners, and/or other relevant national stakeholders, will be in favour of
the offset.

10. Every project is required to have measures of success and a monitoring program built in and budgeted for
and is required to supply results of monitoring annually.

11. Preference will be given to projects that have socioeconomic benefits.

In addition, the following may be considered:

= Will the project have a positive social benefit?

= Will the project have a positive climate benefit?

= |s there technical and management capacity to implement the offset?
= |s there a management system capable of delivering the project?

= Is there a track record of delivering conservation outcomes?

= Can the project be managed for the long-term in coordination with the Government of PNG and relevant
stakeholders?

= Does the project take account of PNG’s national biodiversity conservation priorities, as provided in the
National Biodiversity Strategy and Action Plan (NBSAP)?

9.6 MANAGEMENT

There are a variety of ways offset projects may be developed and delivered by the Project:

A. Development

= Projects can be designed internally.

= Suitable existing projects can be investigated.
= Projects can be suggested by others.

= Asystem can be set up for submissions of projects on a competitive basis.
B. Delivery Options

= Esso Highlands Limited contracts and manages projects individually.

= Esso Highlands Limited invests in the support and/or expansion of existing conservation projects that meet
the criteria.

= Funds tied to specific projects are invested in conservation trust or endowment funds managed by others.
= Trust or endowment funds are set up and run by a board with Esso Highlands Limited as a board member.

= Esso Highlands Limited contracts out the offset program to a third party.
Prior to stakeholder consultation all the above remain options.

Table 9.2 outlines the steps required to finalize the Biodiversity Offset Delivery Plan.
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Table 9.2: Steps required to finalize the Biodiversity Offset Delivery Plan

Step Timing
Establish Biodiversity Working Group & Charter H2 2010
Stakeholder Communication & Consultation’ H1 2011
Finalize process for review and approval of Biodiversity Offset Projects H2 2011
Review and approval of proposed Biodiversity Offset Projects H2 2011 — H2 2012
Finalize and commence execution of Biodiversity Offset Delivery Plan H2 2012

' Stakeholders will include as a minimum national and international NGOs and research institutions, government
departments and possibly industry. There is an extensive and long-running stakeholder consultation process covering
government agencies, local communities and national NGOs run by PNG LNG Project Public Affairs and SELCA. The
Biodiversity Offset Delivery Plan will capitalize upon the mechanisms already in place and consultation with stakeholders
will be through this group.
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10.0 Development of a Biodiversity
Monitoring Plan

10.1 INTRODUCTION

Esso Highlands Limited will develop a Biodiversity Monitoring Plan to monitor the success of this Biodiversity
Strategy. Monitoring Activities will be started during the later stages of construction and will be in addition to
monitoring of environmental performance of the Project during construction that will be carried out under the
ESMP.

The ESMP dictates monitoring requirements for Esso Highlands Limited and contractors and is the primary
mechanism by which environmental performance of the Project will be monitored during construction. The
core environmental monitoring under the ESMP focuses on ensuring mitigation measures are carried out
and specified environmental standards are adhered to. The ESMP monitoring activities most relevant to
biodiversity are concentrated in the Ecological Management Plan, the Water Management Plan, the Weed,
Plant Pathogen and Pest Management Plan, the Erosion and Sediment Control Management Plan, the
Reinstatement Management Plan, and the Induced Access Management Plan.

The Biodiversity Strategy Monitoring Plan is complementary to the biodiversity related monitoring activities
documented in the ESMP and will determine, in the longer term, whether the objectives of the Biodiversity
Strategy have been met. While monitoring under the ESMP is for construction, the Biodiversity Monitoring
Plan will mostly be carried out during operations.

10.2 GOAL

The overall goal of the Strategy Biodiversity Monitoring Plan is to determine if the objectives of the Strategy
have been met:

1. Maintain the ecological intactness of the Upstream Project Area.
2. Conserve the priority ecosystems.

3. Protect focal habitats.

4. Account for residual impacts.

If degree of success of objectives 1 to 4 (see Chapter 6) are to be usefully related to the Project’s activities, it
will be necessary to add a fifth objective:

5. Determine the extent to which the project design parameters were followed and mitigation measures
duly implemented.

10.3 APPROACH

Monitoring is aimed at the three scales. For each value at each scale, a set of targets is defined, each with an
end-point. The end points are based on predictions of the EIS assessment process.

It is impractical to develop an individual monitoring system for each of the many high biodiversity values in

the Upstream Project Area. Instead a suite of five Programmed Monitoring Activities (PMAs) was conceived
each designed to gather information for indicators for many targets, so that the least number of data-gathering
activities can inform the maximum number of targets. One of the PMAs involves remote sensing, three involve
regular collection of field data and one involves regular compilation of data from elsewhere. The PMAs are as
follows and their relevance to the values and impacts presented in Table 10.1.
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PMA 1 Remote Sensing of Indirect Impacts — involves the use of remote sensing to determine to what
extent the Project has facilitated or increased major or moderate indirect impacts and degradation within the
Upstream Project Area. This PMA will also allow estimation of final forest losses after construction. The data
gathered is generally status at a particular time but change analysis will be used to monitor forest loss and
gain and thus provide some insight into forest cover dynamics.

PMA 2 Aerial ROW Surveys — gathers data on the condition of the whole ROW and Project roads, by regular
aerial inspection. It is this PMA that will be used to regularly check focal habitats along the ROW and act as an
early warning system for invasion and spread of alien species and diseases.

PMA 3 Regeneration Surveys — gathers data on the progression of successions and faunal communities
upstream using permanent plots stratified by substrate, location and treatments and scored using a
benchmarking system. This PMA is not to be confused with the monitoring to be undertaken as part of the
Reinstatement Management Plan under the ESMP during construction under which vegetation cover will
be measured quarterly (field operation). This PMA aims at assessing regeneration performance, a part of
ecosystem function measure.

PMA 4 Road Record Assessment — monitors the use of Project roads and infrastructure in order to
demonstrate that during operations their use remains restricted to Project activities only. It will be carried out
by regular compilation of road use records from the Induced Access Management Plan.

PMA 5 Efficacy of Offset Projects — assesses the efficacy of the Biodiversity Offset Delivery Plan. It is
realized by regular compilation, review and evaluation of monitoring results required by every offset project.

Details of the PMAs are presented in Appendix 8 and the targets and end points are given in Appendix 9.

Indicators are being developed simultaneously with the development of each PMA and will be refined as data
from field monitoring trials becomes available. Some example indicators are presented in Appendix 9 but
these are notional only and will be developed as field techniques are tested.

The monitoring will be designed to be practical and be able to be carried out by Operations staff. It will provide
high-level information to detect major changes. It will be designed to avoid some of the mistakes commonly
made by theoretical designs of monitoring, which ambitiously aim for monitoring to cover too much and
provide definitive answers to what are fundamentally research questions while overlooking functionality and
common sense.

10.4 ADAPTIVE MONITORING

Monitoring activities should adapt to changing circumstances and results of the monitoring itself. The key

to effective adaptation of monitoring is to keep track of the changes that are made, and decide what kind of
changes will allow continuity of effectiveness of the monitoring program and are permissible. Table 10.2 below
provides a general guide to the Project’s adaptive monitoring approach related to the Biodiversity Strategy.
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Table 10.2: Suggested adaptation “rules” for the Biodiversity Strategy’s monitoring program (not exhaustive)

Activity

Permissible

Adding indicators.

Permissible.

Removing an indicator.

Permissible only when the indicator’s usefulness has
ended.

Replacing an indicator with another.

Would generally not be permitted unless the link with
the previous indicator is real and acceptable to
management.

Changing timing of sampling in a PMA.

Could be permissible depending on reasons.

Adding a PMA.

Permissible.

Deleting a PMA.

Permissible once the consequences were understood
and accepted.

Changing a data gathering method in a
PMA.

Not permitted if it results in discontinuity of data by
seriously changing the bias of the method.

Changing a particular designed spatial
pattern of samples.

Generally not permitted.

Depending upon the reason for the patterning, a case
might be made for changing it. This would need
investigating before changes are made.

Changing the number of samples for an
indicator.

Would be undesirable but probably permissible since
it would only change the confidence interval for an
estimate.

10.5 NEXT STEPS

Remote sensing (PMA 1) will begin in 2011 but field monitoring for PMA 2 and PMA 3 will generally commence
towards the end of the Project construction phase when most potential direct impacts have occurred. Starting
the latter too early is likely to be inefficient as there remains strong likelihood of plots (PMA 3) established

too early being compromised by construction and sections of the ROW may need to be revisited during
construction for emergency works and/or reinstatement (PMA 2). Target milestones for development of the

monitoring plan are as follows:

Development of indicators:

Indicators complete Q2 2011
Develop and test procedures for PMAs:

PMA 1 complete Q2 2011

PMA 2 complete Q2 2011

PMA 3 complete Q4 2011

PMA 4 complete Q4 2012

PMA 5 complete Methodology complete
Design monitoring management system:

System complete and ready for contracting Q4 2012

BIODIVERSITY STRATEGY

64



11.0 References

11.1 BIBLIOGRAPHY

Allison, A. 2007. ‘Herpetofauna of Papua’. In The ecology of Papua. Edited by A. J. Marshall and B. M. Beehler.
Periplus Editions. Singapore.

BBOP. 2009a. Business, biodiversity offsets and BBOP: an overview. Business and Biodiversity Offset
Programme.

BBOP. 2009b. Biodiversity offset design handbook. Business and Biodiversity Offset Programme.

Beehler, B. M., Pratt, T. K., and Zimmerman, D. A. 1986. Birds of New Guinea. Princeton University Press.
Princeton, NJ.

BirdLife International. 2003. BirdLife’s online world bird database: The site for bird conservation. Version 2.0. A
WWW publication accessed on 25 May 2008 at http://www.birdlife.org. BirdLife International. Cambridge, UK.

Bonaccorsco, F.J. 1998. Bats of Papua New Guinea. Conservation International Tropical Field Guide Series.
Conservation International, Washington, D.C.

Coates, B. J. 1985. The Birds of Papua New Guinea, including the Bismarck Archipelago and Bougainville.
Volume |, Non-Passerines. Alderley, Queensland: Dove Publications.

Coffey Natural Systems. 2009. PNG LNG Project Environmental Impact Statement. January 2009. Report
prepared by Coffey Natural Systems Pty Ltd for ExxonMobil, Brisbane, Queensland.

DEC. 2007. Papua New Guinea National Biodiversity Strategy and Action Plan. October. Report prepared by
Department of Environment and Conservation, Boroko, Papua New Guinea.

Del Hoyo, J., Elliott, A. and Sargatal, J. (eds.) 1999. Handbook of the birds of the world. Volume 5. Barn-owls to
Hummingbirds. Barcelona: Lynx Ediciones.

Del Hoyo, J., Elliott, A. and Christie, D.A. (eds.) 2007. Handbook of the birds of the world. Volume 12. Picathartes
to Tits and Chickadees. Barcelona: Lynx Ediciones.

Del Hoyo, J., Elliott, A. and Christie, D.A. (eds.) 2008. Handbook of the birds of the world. Volume 13. Penduline-
tits to Shrikes. Barcelona: Lynx Ediciones.

DNRE. 2002. Victoria’s native vegetation management: A framework for action. Department of Natural
Resources and Environment, Victoria.

Ecological Society of America. 1997. Ecosystem services: Benefits supplied to human societies by natural
ecosystems. Issues in Ecology No. 2, Spring 1997.

Enesar. 2005. PNG Gas Project Environmental Impact Statement. Main report, Volume 1. December. Prepared
by Enesar Consulting Pty Ltd for Esso Highlands Limited. Port Moresby.

Flannery, T. F. and Seri, L. 1993. Rediscovery of Aproteles bulmerae (Chiroptera: Pteropodidae). Morphology,
ecology and conservation. Mammalia 57:19-25

Flannery, T.F. 1995. Mammals of New Guinea. Revised and updated edition. Reed Books, Chatswood, New
South Wales.

Gunther, R.G. 2006. Derived reproductive modes in New Guinean anuran amphibians and description of a new
species with paternal care in the genus Callulops (Microhylidae). Journal of Zoology London 268:153-170.

Helgen, K. M. and Helgen, L. E. 2009. Biodiversity and biogeography of the moss-mice of New Guinea: A
taxonomic revision of Pseudohydromys (Muridae: Murinae). Bulletin of the American Museum of Natural
History 331:230-313.

Helgen, K. M., Leary, T., and Aplin, K. P. 2010. A review of Microhydromys (Rodentia, Murinae), with description
of a new species from southern New Guinea. American Museum Novitates No. 3676

Hyndman, D. and Menzies, J. |. 1980. Aproteles bulmerae (Chiroptera: Pteropodidae) of New Guinea is not
extinct. Journal of Mammalogy 61:159-160.

IUCN. 2010. IUCN Red List of threatened species. A WWW publication accessed on 20 February 2010 at www.
iucnredlist.org. International Union for the Conservation of Nature. Gland, Switzerland.

65 BIODIVERSITY STRATEGY




Johns, R. J. 1993. ‘Biodiversity and conservation of the native flora of Papua New Guinea.’ In: Papua New
Guinea Conservation Needs Assessment Report, Vol. 2. Edited by B. M. Beehler. PNG Dept. of Environment
and Conservation, Boroko.

Mack, A. and Dumbacher, J. P. 2007. ‘Birds of Papua.’ In The ecology of Papua. Edited by A. J. Marshall and B.
M. Beehler. Hong Kong: Periplus Editions.

Menzies, J. |. 1977. Fossil and subfossil fruit bats from the mountains of New Guinea. Australian Journal of
Zoology 25:329-336.

Menzies, J. |. 2006. The frogs of New Guinea and the Solomon Islands. Sofia-Moscow. Pensoft.

Oliver, P., Tjaturadi B., Mumpuni, Krey, K. and Richards, S.J. 2008. A new species of large Cyrtodactylus
(Squamata: Gekkonidae) from Melanesia. Zootaxa 1894:59—68.

Osborne, P. L., and Totome, R. G. 1992. Influences of oligomixis on the water and sediment chemistry of Lake
Kutubu, Papua New Guinea. Archiv fur Hydrobiologie 124:427—449.

Parkes, D., Newell, G. and Cheal, D. 2003. Assessing the quality of native vegetation: The ‘habitat hectares’
approach. Ecological Management and Restoration 4:29-38.

Prance, G. T. 1977. Floristic inventory of the tropics: Where do we stand? Ann. Missouri Bot. Gard. 64:659-684.

Richards, S.J. (ed.) 2007. A rapid biodiversity assessment of the Kaijende Highlands, Enga Province, Papua
New Guinea. RAP Bulletin of Biological Assessment 45. Arlington, Virginia. Conservation International.

Rogers, H. 2005. Fire and dieback in Papua New Guinea’s forests: Brief review for the PNG Gas Project EIA.
Report to Enesar Consultants Pty. Ltd.

Rosler, H., Richards, S.J. and Glinther, R. 2007. Remarks on morphology and taxonomy of geckos of the genus
Cyrtodactylus Grey, 1827, occurring east of Wallacea, with descriptions of two new species (Reptilia: Sauria:
Gekkonidae). Salamandra 43:193-230.

Sekhran, N., and Miller, S. (eds.) 1994. Papua New Guinea country study on biological diversity. Colorcraft Ltd,
Hong Kong.

Stattersfield, A. J., Crosby, M. J. Long, A. J. and Wege, D. C. 1998. Endemic bird areas of the world. Priorities for
Bird Conservation. Birdlife International, Cambridge, UK.

Stevens, P. F. 1989. New Guinea. Pp 120-132 in Campbell, D. G. and Hammond, H. D. (eds.) Floristic inventory
of tropical countries: The status of plant systematics, collections, and vegetation, plus recommendations for
the future. New York Botanical Gardens, New York.

11.2 PERSONAL COMMUNICATION

Richards, S. Verbal communication to F. Crome. 1 July 2010.

BIODIVERSITY STRATEGY 66



12.0 Abbreviations

BBOP Business and Biodiversity Offset Program.

BVG Broad Vegetation Group.

CITES Convention on International Trade in Endangered Species of Wild Fauna and Flora.
DEC Department of Environment and Conservation.

EBA Endemic Bird Area.

EIS Environmental Impact Statement.

ESMP Environmental and Social Management Plan.

FIMS Forest Inventory Mapping System.

ICDP Integrated Conservation and Development Project.

IESC Independent Environmental and Social Consultant.

IFC International Finance Corporation.

IUCN International Union for the Conservation of Nature.
KICDP Kikori Integrated Conservation and Development Project.
LNG Liquefied Natural Gas.

MRDC Mineral Resources Development Company Limited.

NBSAP National Biodiversity Strategy and Action Plan.

PMA Programmed Monitoring Activities.
PNG Papua New Guinea.
ROW Right of Way.

SELCA Socio-Economic, Land and Community Affairs.
WMA Wildlife Management Area.

WWF World Wide Fund For Nature.
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Appendix 1 — Project Developments

1. Upstream Project Area

1.1  NEW UPSTREAM PROJECT FACILITIES

The new upstream facilities will include wellpad facilities at Hides, Angore and Juha; the Hides Gas
Conditioning Plant; the Juha Production Facility and associated upstream infrastructure, and are designed to
optimize development of the primary gas fields with proven technologies and demonstrated design concepts.

1.1.1 Development Drilling

The drilling activity associated with the Project comprises a total of 14 new wells in the Hides (eight wells),
Angore (two wells), and Juha (four wells) fields and re-completing two existing Hides Wells (Hides 1 and 4).
Drilling activities will occur in a phased approach, with the Hides and Angore activities occurring under

a combined Phases 1 and 2 Drilling Campaign, and the Juha activities under a subsequent Phase 3
Drilling Campaign.

Six of the eight Hides development wells comprising the Phases 1 and 2 Drilling Campaign are planned to be
drilled directionally. The wellpads (some with multiple drills) will be customized for each location to provide a
surface that allows safe and efficient drilling, workover and production operations while reducing the footprint
and the amount of vegetation clearance required.

1.1.2 Hides Gas Conditioning Plant

The Hides Gas Conditioning Plant (Figure A1.1) will be located in the Southern Highlands Province at the
southeast end of Hides Ridge near the village of Laite (1.5 kilometers from the existing Hides A Wellpad). The
plant will include the processing facility, rotator housing community and industrial park.

Figure A1.1: Artist’s impression of Hides Gas Conditioning Plant and typical wellpads
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The Hides Gas Conditioning Plant will process gas and liquids from the Hides field and will be designed

to stabilize condensate and gas. Process systems include slug handling, gas and liquid inlet separation,
dewpoint conditioning, compression, produced water injection, condensate stabilization and condensate
transfer system. The facility includes a number of supporting utility systems. A housing community will be
developed, geographically separated from but within a shared security zone of the processing facility. An
industrial park will be a separate security area adjacent to the processing facility and will provide the facilities
necessary to support ongoing operations and maintenance. It will include a warehouse, chemical and
hazardous materials storage shelter, outdoor storage yard, and maintenance workshop.

Monoethylene glycol (MEG) will be used to prevent the formation of hydrates in the well production tubing and
in the surface wellstream collection pipelines. The MEG will be regenerated by removal of trapped water at the
Hides Gas Conditioning Plant and recirculated to injection points as required.

Over time, as reservoir pressure in the gas field naturally declines, additional booster compression will need to
be installed during Phase 3 of the Project to maintain production volumes. After the Juha Field is developed,
its wellstream products will be transported to the Hides Gas Conditioning Plant after being separated into
natural gas and liquids at the Juha Production Facility.

1.1.3 Juha Production Facility

The wellstream products from the Juha gathering system will be transported to the Juha Production Facility
for gas and liquids separation prior to transportation to the Hides Gas Conditioning Plant for further liquid
stabilization and gas treating/compression.

The Juha Production Facility will be installed approximately 60 kilometers northwest of the Hides Gas
Conditioning Plant during Phase 4 of the Project and will provide 295 thousand standard cubic meters per
hour (250 thousand standard cubic feet per day) separator gas to the Hides Gas Conditioning Plant inlet.

Other process systems and utilities at the Juha Production Facility will include power generation, MEG
storage, a diesel system, open and closed drainage, a flare system and a water system.

1.1.4 Komo Airfield

A new government-certified international airfield is to be constructed at Komo in the Hides area, approximately
10 kilometers southeast of the Hides Gas Conditioning Plant. The Komo Airfield is required as part of the
Project in order to enable the delivery of large, heavy and bulky plant and equipment to the Hides Gas
Conditioning Plant in a timely, efficient and dependable manner. The airport is to be situated east of the
existing Komo airstrip. It is designed for use by Dash 8 aircrafts and Antonov AN 124-100 aircraft with
capability for heavy lift. The new Komo Airfield will comprise a 3,400-meter-long runway, navigation and
landing aids, aircraft parking aprons, taxiway to runway, two helicopter pads, meteorological station, terminal
building, hangar, freight and equipment storage area, fuel depot, fire station, boundary and security fencing,
internal and external access roads, powerhouse/airfield lighting equipment room, entrance guard house and
pump house.

1.1.5 Early Works Upstream Project Infrastructure

A program of infrastructure upgrades will be undertaken in advance of main construction activities in the Gulf
Province and Southern Highlands Province. This program includes civil works at and in the areas of Hides and
Kutubu and the upgrade or new construction of roads and bridges along two main logistics routes. The scope
of this work, referred to as Upstream Infrastructure, is summarized below:

= Construction of approximately 30 kilometers of new road and upgrade of approximately 280 kilometers of
existing road to enable vehicular access to upstream facilities and materials supply points.
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= Upgrade or replacement of 20 to 30 bridges and construction of up to five new bridges to allow connection of
existing and new roads.

= Construction of a new wharf at Kopi to serve as an Upstream Project Area supply point for the onshore
portion of the LNG Project Gas Pipeline and oversized equipment needed for construction of Project facilities.

= Establishment of telecommunications to enable communication between facilities.
= Establishment of permanent waste disposal sites, including incinerators and landfill sites.

= Construction of the Hides Industrial Park to support ongoing operation and maintenance of the Hides Gas
Conditioning Plant.

= Creation of contractor construction camps along the length of the onshore portion of the LNG Project Gas
Pipeline and permanent operator camps at or near the Hides Gas Conditioning Plant and Juha Production
Facility to house both operations staff and contractor personnel.

= Installation of new helipads at several locations for emergency medical evacuations.

Reliable transport routes are required during construction and operation of the Project. These logistical
transportation corridors will comprise a combination of existing public roads, restricted access roadways
and new Project roads. Key considerations in determining the routing of the Project roadways include
environmental, social and safety issues, construction logistics, construction risks, earthworks and reducing
pipeline length.

1.1.6 Onshore Pipelines

An extensive pipeline network will be constructed to transport gas from the individual wellpad facilities to the
Hides Gas Conditioning Plant and on to the LNG Facilities site, and liquids from the Hides Gas Conditioning
Plant to the Kutubu Central Processing Facility. The pipeline facilities will consist of an onshore pipeline
network and an offshore pipeline (discussed below) with the interface between the two sections being located
at the landfall of the offshore portion of the LNG Project Gas Pipeline at the Omati River. Approximately one-
third of the onshore portion of the LNG Project Gas Pipeline will be constructed along the existing crude oil
export pipeline corridor.

The onshore portion of the Project pipeline network will consist of:

= Approximately 284 kilometers of a 34-inch diameter gas pipeline — the onshore portion of the LNG Project
Gas Pipeline — starting from the Hides Gas Conditioning Plant to landfall at the Omati River.

= Approximately 104 kilometers of an 8-inch diameter condensate pipeline running from the Hides Gas
Conditioning Plant to the Kutubu Central Processing Facility.

= Approximately 266 kilometers of pipeline gathering systems for transportation of wellstream products from
the Hides field and Angore field wellpad facilities to the Hides Gas Conditioning Plant, from the Juha field
wellpad facilities to the Juha Production Facility and gas and liquids separated at the Juha Production
Facility to the Hides Gas Conditioning Plant.

= Approximately 31 kilometers of 10-inch to 12-inch diameter associated gas tie-in from the existing oil fields.

Figure A1.2 sets out the route of the onshore portion of the Project pipeline network from the Hides Gas
Conditioning Plant to the Omati River and the associated gas tie-ins.

The onshore pipeline system includes facilities such as pig launchers and receivers, main line valve stations,
check valve stations and cathodic protection sites.
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Figure A1.2: Upstream Project pipelines
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1.2 UPGRADE OF EXISTING UPSTREAM PROJECT FACILITIES

The existing non-Project upstream facilities that will be utilized for the Project include the Kutubu Central
Processing Facility, the Agogo Production Facility, the Gobe Production Facility, and the associated gas field
wellpad facilities and the Kutubu crude oil export system. Several upgrades to these facilities will be required
to enable integration with the Project and to extend the life of these existing facilities beyond their original
design life to be consistent with the Project design life. These include upgrades to the field processing facilities
to bring the associated gas within required specifications for transportation to and liquefaction at the LNG
Facilities site.

1.2.1 Kutubu Central Processing Facility

The Kutubu Central Processing Facility will receive
condensate extracted at the newly constructed Hides
Gas Conditioning Plant and blend it with stabilized
crude. The blended product will be pumped from
storage tanks through the existing 260-kilometers-
long, 20-inch-diameter crude oil export pipeline to the
existing Kumul Marine Terminal in the Gulf of Papua.

Plate A1.1: Kutubu Central Processing Facility

The Kutubu Central Processing Facility was installed
between 1990 and 1992 as part of the Oil Search-
operated Kutubu Oil Project and has been producing
oil for export since 1992.

As part of the development of the Project, new
installations will be put in place to integrate the
existing production facilities at the Kutubu Central
Processing Facility with Project infrastructure. These include installation of gas metering, two enhanced
dehydration and regeneration packages, battery limit valving, piping to the Project’s gas metering station and
modifications to the tank farm isolation and emergency shutdown systems to enhance the capacity to reliably
import condensate from the Hides Gas Conditioning Plant. Modifications will also be made to the gas re-
injection system.

1.2.2 Agogo and Gobe Production Facilities

Plate A1.2 : Agogo Production Facility

The Agogo Production Facility is located
approximately 20 kilometers from the Kutubu
Central Processing Facility and is connected by
road. The Gobe Production Facility is located
approximately 90 kilometers southeast of the
Kutubu Central Processing Facility.

New developments required for the supply of
associated gas from these facilities will consist of
installation of gas metering, new valving to allow
isolation, additional piping and enhanced gas
dehydration and regeneration packages.
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2. Marine Project Area

The offshore portion of the LNG Project Gas Pipeline length will be approximately 407 kilometers from the
Omati River onshore/offshore pipeline tie-in to the LNG Facilities site onshore/offshore tie-in. The Omati River
Landfall section of the pipeline will start at an onshore tie-in location approximately 200 meters onshore from
the river bank. This section of pipeline will be pulled ashore from a Shallow Water Lay Barge (SWLB) through
a prepared trench to the tie-in location with the onshore pipeline. The shallow water section of the offshore
portion of the LNG Project Gas Pipeline includes areas of pipe lay in water depths less than 10 meters lowest
astronomical tide. From the tie-in location with the onshore portion of the LNG Project Gas Pipeline at the
Omati River Landfall, the pipeline will run from the landfall for 24 kilometers until it reaches the open sea at the
mouth of the Omati River.

The offshore section of the LNG Project Gas Pipeline will start at a location beyond the mouth of the Omati
River, in the Gulf of Papua. The pipeline will be laid on the seabed by lay barge through the Gulf of Papua until
it reaches the landfall at the LNG Facilities site. The onshore tie-in point at the LNG Facilities site is located at
approximately +1 meter highest astronomical tide. The shore approach zone is approximately 1.3 kilometers
in length. The pipeline will be pulled ashore through a prepared trench to the tie-in location.

Offshore pipeline construction activities include pipelaying, pipeline protection and stabilization, and pre-
commissioning activities (i.e., cleaning, hydrotesting and dewatering). The offshore portion of the LNG Project
Gas Pipeline will include a concrete weight coat to ensure that the pipeline is stable on the seabed under
design environmental conditions. Additionally, the weight coating provides protection against natural and

or third-party impact. Due to the prevalence of soft deltaic sediments in the Gulf of Papua, the pipeline is
expected to embed in these sediments for most of its length.

The offshore portion of the LNG Project Gas Pipeline will be buried for protection against impacts from vessels
and anchors in the Omati River (and for some distance beyond the river mouth to a water depth of between

5 and 10 meters) and seaward from the landfall in Caution Bay to a water depth of 15 meters. In addition, the
pipeline will be trenched and buried for the shipping channel crossing offshore from the LNG Facilities site.

3. LNG Project Area

The LNG Facilities site will be located at Caution Bay approximately 20 kilometers northwest of Port Moresby.
The plant will receive and process gas into approximately 6.3 million tonnes per annum of LNG. An impression
of the LNG Facilities site layout is provided in Figure A1.3.

A program of early works will be undertaken at the LNG Facilities site and environs. The scope of this work, is
summarized below:

= Upgrade of the existing public road from Motukea Island to LNG Facilities site.

= New bypass road (rerouting of existing public road, which transects LNG Facilities site).
= LNG Facilities site security fence.

= A 7,500-person temporary construction camp.

= Desalination facilities to provide water to the site during construction and operations.

The LNG Plant’s processing facilities include inlet gas receiving, acid gas removal unit, dehydration, mercury
removal, refrigeration, liquefaction and condensate fractionation. Major utilities include power generation, hot
oil, air and nitrogen systems. Major offsite systems at the LNG Facilities site include LNG storage (2 x 160,000
cubic meters) tanks, condensate storage (2 x 8,500 cubic meters) tanks, firewater system, flare systems, fresh
water system and effluent handling.
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The LNG Facilities site’s marine facilities design will accommodate the loading of LNG carriers in the size
range of 125,000 cubic meters to 220,000 cubic meters and condensate tankers of 7,000 dead weight tonne.
The marine facilities include LNG export berth, condensate export berth, tug landing area and materials
offloading facility with permanent tug mooring berths.

A permanent operator personnel camp will also be installed within the boundary of the LNG Facilities site.

Figure A1.3: Impression of proposed LNG Facilities site layout
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Appendix 2 — Environmental Impact
Statement Documents

This appendix outlines the specialist appendix reports that have been prepared for the EIS.

1. Upstream and Offshore Pipeline

Biodiversity Impact Assessment. Appendix 1 to the EIS.

= Aquatic Fauna Impact Assessment. Appendix 2 to the EIS.
Resource Use Survey of the Omati—Kikori Delta. Appendix 3 to the EIS.
Hydrology and Sediment Transport Impact Assessment. Appendix 4 to the EIS.
Water and Sediment Quality Impact Assessment. Appendix 5 to the EIS.
Groundwater Impact Assessment. Appendix 6 to the EIS.

= Forestry Impact Assessment. Appendix 7 to the EIS.
Soils and Rehabilitation Impact Assessment. Appendix 8 to the EIS.
Air Quality Impact Assessment. Appendix 9 to the EIS.
Noise Impact Assessment. Appendix 10 to the EIS.

= Offshore Impact Assessment. Appendix 11 to the EIS.

2. LNG and Marine Facilities

Biodiversity Impact Assessment. Appendix 12 to the EIS.
= Aquatic Fauna Impact Assessment. Appendix 13 to the EIS.
Hydrology and Sediment Transport Impact Assessment. Appendix 14 to the EIS.
Water and Sediment Quality Baseline Impact Assessment. Appendix 15 to the EIS.
Groundwater Impact Assessment. Appendix 16 to the EIS.
Soils and Rehabilitation Impact Assessment. Appendix 17 to the EIS.
= Air Quality Impact Assessment. Appendix 18 to the EIS.
Noise Impact Assessment. Appendix 19 to the EIS.
Visual Impact Assessment. Appendix 20 to the EIS.
Road User Survey. Appendix 21 to the EIS.
Hydrodynamic Modeling. Appendix 22 to the EIS.
= Nearshore Marine Impact Assessment. Appendix 23 to the EIS.
Resource Use Survey of Caution Bay. Appendix 24 to the EIS.
Greenhouse Impact Assessment. Appendix 25 to the EIS. This is a Project-wide study.
Social Impact Assessment (including Cultural Heritage). Appendix 26 to the EIS. This is a Project-wide study.

= LNG Facilities Onshore Preconstruction Summary Report. This report includes information on terrestrial
ecology, aquatic ecology, weeds, hydrology, groundwater and cultural heritage.
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Appendix 3 — Environmental and Social
Management Plan Appendices

The following are the appendices to the Environmental and Social Management Plan. Those with more of
an environmental focus number the management and mitigation measures included as well as the
associated objectives.

= Appendix 1: Ecological Management Plan. One hundred eighty-six management and mitigation measures
included. Objective is to:

Reduce impacts on habitat and specific ecological aspects and species arising from construction
activities.

=  Appendix 2: Air Emissions Management Plan. Fourteen management and mitigation measures included.
Objectives are to:

Reduce the impact of Project activities on ambient air quality.
Optimize equipment to reduce greenhouse gases.

= Appendix 3: Noise and Vibration Management Plan. Fourteen management and mitigation measures
included plus three in common with the Air Emissions Management Plan and two with the Ecological
Management Plan. Obijective is to:

Reduce noise and vibration impacts from Project activities to local residents and specific fauna habitat,
including marine fauna and bats.

=  Appendix 4: Waste Management Plan. Twenty-five management and mitigation measures included.
Objectives are to:

Contain, transport, handle and dispose of solid and liquid wastes arising from Project construction
activities in such a manner as to avoid impacts to human health and the environment.

Dispose of wastes at facilities approved by Esso Highlands Limited, for which disposal (with or without
prior treatment) is the only practicable option.

=  Appendix 5: Water Management Plan. Twenty-three management and mitigation measures included plus
three in common with the Waste Management Plan. Objectives are to:

Reduce the impact on water quality (and associated beneficial values) from construction activities.

Reduce the impact on existing surface water flow regimes and groundwater aquifers (and associated
beneficial values) arising from construction activities.

= Appendix 6: Spill Prevention and Response Plan. Twenty-five management and mitigation measures
included. Objectives are to:

Prevent spills.
In the event of a spill, reduce environmental and social impact.

= Appendix 7: Hazardous Materials Management Plan. Twenty-seven management and mitigation
measures included plus one in common with the Water Management Plan and six with the Spill Prevention
and Response Plan. Objectives are to:

Avoid the use of chemicals and hazardous materials subject to international bans or phase-outs.

Prevent uncontrolled release of hazardous materials during transportation, handling, storage and use.
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= Appendix 8: Weed, Plant Pathogen and Pest Management Plan. Seventy-six management and mitigation
measures included and one in common with each of the Ecological Management, Noise and Vibration
Management, Spill Prevention and Response and Water Management Plans. Objectives are to:

Prevent exotic weeds, plant pathogens and pests from entering, spreading or becoming established in
the Project Areas during construction works.

Identify and contain, suppress or manage significant weeds, plant pathogens and pests already in the
Project Area to prevent spread by Project activities.

Implement measures to reduce the risk of spread of dieback in Nothofagus forests.

= Appendix 9: Erosion and Sediment Control Management Plan. Eighty-three management and mitigation
measures included plus one in common with the Air Emissions Management Plan and five with the
Ecological Management Plan. Objectives are to:

Maintain stable landforms to reduce erosion and enhance reinstatement.
Maintain integrity of assets (through stable landforms).

Reduce adverse impacts on stream water quality, and associated beneficial values, and in-stream
sedimentation.

= Appendix 10: Raw Materials Management Plan. Seven management and mitigation measures included
plus twelve in common with the Erosion and Sediment Control Management Plan and one with the
Ecological Management Plan. Objectives are to:

Extract aggregate from Esso Highlands Limited-approved locations and manage according to the
relevant, individual management plans.

Maximize use of cleared timber and purchase additional timber supplies from known and approved
sources.

= Appendix 11: Reinstatement Management Plan. Fifteen management and mitigation measures included.
Objectives are to:

Establish stable landform conditions in areas disturbed as a result of construction activities.
Create ground conditions conducive to natural plant regeneration.

= Appendix 12: Induced Access Management Plan. Three management and mitigation measures included.
Objective is to:

Control access to new Project roads and reduce the occurrence of potentially damaging non-Project
activities (i.e., via improved access).

= Appendix 13: Cultural Heritage Management Plan. One hundred eight management and mitigation
measures included plus one in common with the Induced Access Management Plan. Objectives are to:

Avoid known cultural heritage sites (including both archaeological sites and oral tradition sites) where
necessary and practicable.

Where avoidance is not possible, manage cultural heritage sites in consultation with the PNG
Government and landowners.

= Appendix 14: Hydrotest Management Plan. Eighteen management and mitigation measures included.
Objective is to:

Reduce environmental impacts related to hydrotest water abstraction and discharge.

BIODIVERSITY STRATEGY 80




Appendix 15: Acid Sulfate Soils Management Plan. One management and mitigation measure included.

Objectives are

to:

Provide measures to avoid or minimize the disturbance of acid sulfate soils and to contain, mitigate and
minimize the impacts of disturbed acid sulfate soils.

Protect the

local environment from adverse impacts arising from the disturbance of actual acid sulfate

soils and potential acid sulfate soils.

Appendix 16:
Objectives are

Reduce impacts of dredging on the marine life and water quality.

Reduce sediment (turbid plume) mobilization during dredging and placement of dredge material.

Appendix 17:
Appendix 18:
Appendix 19:
Appendix 20:
Appendix 21:
Appendix 22:
Appendix 23:
Appendix 24:
Appendix 25:
Appendix 26:
Appendix 27:
Appendix 28:
Appendix 29:

Appendix 30:
Requirements.

Appendix 31:

81

Dredge Management Plan. Three management and mitigation measures included.
to:

Community Health and Safety Plan.

Community Impacts Management Plan.

Labor and Worker Conditions Management Plan.
Camp Management Plan.

Procurement and Supply Management Plan.
Community Engagement Plan.

Community Infrastructure Management Plan.
Community Health, Safety and Security Management Plan.
Community Support Strategy.

Resettlement Framework Document.
Stakeholder Engagement Plan.

Environmental Monitoring Plan.

Social Monitoring Plan.

Environmental Performance Indicators and Statutory Reporting and Notification

Quarantine Management Plan.
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Appendix 4 — Vegetation in the Upstream
Project Area

Montane Forest (greater than 3,000 meters) with/without Grassland - is very small crowned mossy forest
(‘elfin’ forest) and alpine grassland complexes. It is low, 5 to 15 meters high with thin, crooked stems and lacks
emergents. It only occurs in the far north of the Upstream Project Area and no Project infrastructure is planned
in this vegetation.

Grasslands — within the Upstream Project Area are mostly alpine grasslands above the tree line in the north
and no Project infrastructure is planned in this vegetation.

Rocky Scrub — occurs on the extreme slopes of the Karius Range. No Project infrastructure is planned in this
vegetation.

Lower Montane Small Crowned Forest — occurs above 1,000 meters altitude. It has an even to undulating
canopy 20 to 30 meters high and is very dense to almost closed. Nothofagus is absent or very rare but, in the
vicinity of ldauwi and Nogoli, the forests on the ranges have many emergent Araucaria. Ferns and epiphytes
are common. Trees tend to be thin, and oaks (Castanopis and Lithocarpus) are common, dominating in some
areas. While somewhat less diverse in tree species composition than other forests, it can have high diversity
of smaller plants and epiphytes. At lower elevations in the river valleys, clearing for gardens has heavily
disturbed the forest. Areas of this vegetation occur frequently at the eastern end of the pipeline corridor
between the Juha Production Facility and the Hides Gas Conditioning Plant and for a long length of the
onshore portion of the LNG Project Gas Pipeline between the Hides Gas Conditioning Plant and Lake Kutubu
at elevations of approximately 1,200 meters altitude and above.

Lower Montane Small Crowned Forest with Conifers — only occurs in the high far northeast of the
Upstream Project Area. Emergent conifers include the genera Dacrydium, Libocedrus and Phyllocladus. No
Project infrastructure is planned in this vegetation.

Lower Montane Small Crowned Forest with Nothofagus — has a closed, even to slightly undulating
canopy 20 to 30 meters high and is dominated by Nothofagus pullei and N. rubra. This is a classical mossy
forest. Nothofagus is concentrated along ridgelines and subcrests. In the drainage channel subcatchments,
the canopies are usually lower and the mixed communities typical of Papuasian habitats become more
apparent. Small patches of seral growth are scattered through the forest as a result of natural canopy-opening
mechanisms (e.g., wind throws and tree senescence and death). Generally, the dynamics of Nothofagus
communities tend to be site-specific; however, the forests on Hides Ridge and the Homa Deviation are clearly
being maintained by a classic process of patch dynamics and spatial rotation of forest units in different stages
of maturation. In the Homa Deviation area, fire has influenced this vegetation. As in most other places that this
vegetation group occurs, on Hides Ridge it contains large numbers of epiphytic ferns and orchids, which may
represent up to 75 percent of the local plant diversity.

Large areas occur on the Doma Peaks, Mount Sisa, Hides Ridge and between the Benaria and Kondari rivers.
The eastern end of the pipeline corridor between the Juha Production Facility and the Hides Gas Conditioning
Plant traverses this vegetation and the onshore portion of the LNG Project Gas Pipeline crosses large
expanses of this forest above 1,600 meters between the Benaria and Kondari rivers and sporadically at higher
elevations between the Kondari River and Lake Kutubu.

Lower Montane Very Small Crowned Forest Complexes — occurs on the central eastern boundary of the
Upstream Project Area northeast of Gobe. No Project infrastructure is planned within this vegetation.

Lower Montane Very Small Crowned Forest Complexes with Nothofagus — is concentrated in the uplands
surrounding the Kutubu Central Processing Facility. The forest has a dense, evenly textured, dark-toned
canopy 5 to 15 meters high. Around Kutubu, Nothofagus dominates in areas such as along ridges but is far
less obvious than in the higher regions to the north. There are fewer ferns but more vines in this vegetation.
The onshore portion of the LNG Project Gas Pipeline traverses this forest type either side of the Kutubu
Central Processing Facility, as does the South East Hedinia Spineline.
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Medium Crowned to Small Crowned Forest Complexes — covers large areas of the southern and central
parts of the Upstream Project Area. It has a canopy 25 to 30 meters high with 60 to 80 percent closure, the
smaller crowned forest having thinner trees and a more even canopy with no emergents, while the medium
crowned forest has emergents up to 40 meters high. The smaller crowned forest tends to develop on the more
difficult pavement sites. The Gobe Gas Pipeline and South East Hedinia Spineline encounter this forest type
as does the onshore portion of the LNG Project Gas Pipeline between Wassi Falls and the Mubi River and
between the Kikori River crossing and the Omati River Landfall.

Medium Crowned to Small Crowned Forest Complexes with Nothofagus — occurs in the central eastern
part of the Upstream Project Area. It has a canopy 25 to 30 meters high with 60 to 80 percent closure and is
a mixture of medium crowned forest and small crowned forest. The latter tends to have a more even canopy
with no emergents; the former has emergents up to 40 meters high. There is an abundance of a range of
Nothofagus species. The South East Hedinia Spineline crosses some of this forest type and the onshore
portion of the LNG Project Gas Pipeline crosses large areas between the Kutubu Central Processing Facility
and the Ai’io River.

Low Altitude Large Crowned Forest — occurs on the slopes of Mount Bosavi. It has an uneven canopy
30 to 35 meters high and 80 percent closure with emergents to 40 meters. No Project infrastructure is planned
within this vegetation.

Low Altitude Medium Crowned Forest — occurs widely in the Upstream Project Area. The canopy is 25 to
30 meters high with 60 to 80 percent closure with emergents up to 40 meters high. Species composition
varies widely according to altitude and substrate. In the Juha area, it has many upland forest features and
plants other than trees may dominate the flora. Project infrastructure mostly encounters this vegetation at
Juha and along the Juha—Hides Rich Gas Pipeline and again sporadically between Lake Kutubu and the
Gobe turnoff where it merges into open lowland forest on the edge of the karst pavements.

Low Altitude Small Crowned Forest with Nothofagus — has a fairly even canopy approximately 30 meters
high with emergents up to 35 meters high. Tree crowns average between 8 and 15 meters in diameter, orchids
and figs are very common, ferns are moderately common, and palms and pandanus are sparse. Conifers
such as Papuacedrus spp. and Phyllacladus spp. can be abundant, and oaks (Castanopis and possibly
Lithocarpus) are common. A single area occurs east of the Kutubu Central Processing Facility and the
proposed Agogo Gas Pipeline traverses part of this.

Large to Medium Crowned Lowland Forest — occurs in small areas in or near the Sirebi Bioregion on
alluvial fans. It is tall with a canopy 30 to 35 meters high and emergents exceed 50 meters. Structurally it is the
best-developed forest in the Upstream Project Area. No Project infrastructure is planned within this vegetation.

Small Crowned Lowland Forest — has a canopy 25 to 30 meters high composed of dense small crowns
with no emergents, and the canopy is often dominated by single species such as Intsia sp. and dipterocarps.
This type of forest often occurs on very poor or badly drained substrates, such as limestone pavements. It will
be crossed by the onshore portion of the LNG Project Gas Pipeline between the Gobe turnoff and the Omati
River Landfall.

Open Lowland Forest — consists of small and medium crowned trees with large crowned emergents up to
40 meters high. The canopy profile is very uneven with many large gaps produced probably by frequent tree
falls on the limestone pavements. A variety of palms occur, and climbing rattans are common. In low-lying
areas, sago palm (Metroxylon sagu) stands develop, and where they have the opportunity, broad-leaved
trees can reach great sizes (greater than 1 meter diameter at breast height). The onshore portion of the LNG
Project Gas Pipeline encounters this forest type near Gobe and, while the Forest Inventory Management
System does not map it as such, the forest at Baia River is also of this type.
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Open Lowland Forests and Freshwater Swamps — is a complex of open forest and mixed swamp forest.
The onshore portion of the LNG Project Gas Pipeline crosses this forest type several times either side of the
Gobe turnoff.

Swamp Forest Complexes — occurs patchily but widely in the Upstream Project Area wherever impeded
drainage allows its development. The trees can be large (greater than 1 meter diameter at breast height) and
up to 30 meters tall. Lianas are common, and epiphytes abundant. Selaginella is common on the forest floor.
A feature of this area is the abundance of palms. In frequently inundated areas, sago palms can form almost
pure stands. In areas where karstification has produced some relief within these basins or plains, sago palms
dominate in the small hollows or dolines, while the raised ridges of limestone support medium crowned or
small crowned forest. Where inundation is less frequent, other palms, such as Arenga sp. and Galubia sp.,
are dominant. There are large areas behind the mangrove of the Kikori River mouth and scattered patches
towards the centre of the Upstream Project Area. The onshore portion of the LNG Project Gas Pipeline
traverses large areas approaching the Omati River Landfall.

Swamp Woodland and Forest Complexes — occurs around the north of Lake Kutubu, near Kantobo and
behind the Kikori River mangroves. Swamp woodland is a dense layer of sago palms with scattered broad-
leafed trees and an understorey of sedges, ferns, reeds and/or grass. Swamp forest has an irregular open
canopy of medium to very small crowned trees 20 to 30 meters high and an understorey of sago palms visible
in gaps in the canopy. Sago and tree density varies, giving this type of forest a very patchy appearance. The
onshore portion of the LNG Project Gas Pipeline crosses this forest type to the north of Lake Kutubu and in
the Ai’'io River valley.

Mangroves — are extensive in the Kikori River delta. The onshore portion of the LNG Project Gas Pipeline
does not cross mangrove vegetation except for a fringe of Nypa palms at the landfall.
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Appendix 5 — Determining Magnitude of

Residual Impacts

These tables are reproduced from Appendix 1 to the EIS.

Table A5.1 Magnitude of impact categories used in assessment
Magnitude of Habitat Other Ecological Effects Populations
Impact (Barrier Effects,
Contamination, Exotics, etc.)

Very high Large impact on substrates and habitats that will Impact may be widespread Populations will be lost from impact
be permanent and reduce ecosystem survival and | effecting greater than 10 percent | site and losses may cause local
health over large areas within the Upstream of Project Area or local region, extinctions in a Special Area or
Project Area or a local region possibly even perhaps even up to a national within the entire Project Area or
leading to system collapse. scale. local region.

Recovery, if possible, is likely to take more than
25 years or never.

High Substrates will be lost and replacement or Impact is regional affecting up to | Impacts will involve local loss of
treatment may be difficult or impossible. If 10 percent of Project Area or population for at least 25 years or
replaced there is a strong possibility that local region. recolonisation may never occur.
succession may not lead to original habitats and Any losses of local population likely
there is a reasonable chance of long-term to seriously reduce chances of
reduction in site capacity to support original species persisting in a Special Area
habitat. Loss and/or degradation of habitat and/or would significantly reduce
extends more than 1 kilometer beyond impact site. likelihood of species persisting in
Habitat regeneration, if allowed, will be slowed the Upstream Project Area or local
and good tree cover in forest may take up to region. No national impacts.

25 years after substrate treatment or replacement.
Loss of habitat may affect up to 10 percent of the
habitat’s range within the Upstream Project Area
or within any one Special Area.

Medium Substrates will be lost and replacement or Detectable up to 10 kilometers Impacts will involve local loss of
treatment may be necessary to initiate from impact site. population for up to seven years or
successions. However there is unlikely to be any recolonisation may never occur.
long-term reduction in site capacity to support However loss of the local
original habitat. Loss of and/or degradation of population highly unlikely to affect
habitat extend up to 500 meters beyond impact persistence of the species within
site. Habitat regeneration will be slowed and good the Upstream Project Area or local
tree cover in forest may take up to 12 years after region.
substrate treatment.

Low Substrates may be disturbed or lost but habitat Effects immediate surrounds Impacts likely to involve loss of a
can readily develop on remaining substrate with from impact and detectable up to | portion of the local population that
slowing of successions by only one to three years | 2 kilometers from impact site. will reduce the chances of long-
at most. Generally only a short-term (one to three term survival in remaining habitat
years) reduction in site capacity to support original around the Project component and
habitat. Impacts restricted to immediately around species may be temporarily lost.
impact site. Habitat regeneration capable of Recolonisation will be rapid and
starting within one to three years and successions occur within three years after
likely to proceed normally to good tree cover in development of successions to the
forest within five years after start of succession. stage of canopy closure.

Negligible Deleterious impacts unlikely to be detectable on Not detectable. Species populations may lose a
habitats. few individuals or home ranges

may retract but there is unlikely to
be any long term lowering of the
viability of local populations, i.e.,
those around the Project
component site. Changes only
detectable by intensive population
monitoring pre and post impact.
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Table A5.2

Biodiversity value and/or sensitivity of receptor

Value Sites and/or Habitats Species
Category
Category 1 An internationally designated site. A population of internationally
(very high A Special Area within the Upstream Project Area. important species in IUCN category
value) . . o critically endangered.
A designated national protected area, e.g., Wildlife Management Area.
An area with an unusually high concentration of very high and high
value species.
Site supports 20 percent or more of a national population of any
species.
Category 2 A sustainable area of priority habitat identified by WWF. A population of internationally
(high value) Habitat of peculiar sensitivity that is hard to restore or regenerate (focal important species in IUCN categories
habitat). endangered or vulnerable.
Site supports up to 20 percent of national population of any species.
Category 3 A local reserve. A population of a species in [IUCN
(moderate A high diversity area with a moderate concentration of very high and category near threatened and/or
value) highgspecies. y v g classified as P under PNG legislation.
Site supports up to 10 percent of national population of any species.
Category 4 Sites that enrich the local area. A population of a species that is either
(minor value) A low to moderate diversity area with a low concentration of very high classified by IUCN as data Qefigient
and high species. and/or as R under PNG legislation.
Category 5 Lower ecological value. A population of a species that is
(least value) classified by IUCN as of least concern
or is unclassified and is not listed under
PNG legislation.

Table A5.3 Significance matrix
Value
Ma?:‘i;:gf & Category 1 Category 2 Category 3 Category 4 Category 5
Very high Major Major Major Low Minimal
High Major Moderate Moderate Low Minimal
Medium Moderate Moderate Low Low Minimal
Low Moderate Low Low Low Minimal
Negligible Minimal Minimal Minimal Minimal Minimal
Positive Positive Positive Positive Positive Positive

BIODIVERSITY STRATEGY




'S13 0} | Xipuaddy wouy Wwijeqen usyel,

*MO| 89 0} A|9yj1] sI uoiiebiiw Jaye sioedwi Joalip [BNPISaJ JO douediiubis

8y} 0s }osse uolieAlasuod z Alobaje) e aie swealis pueldn ‘Mo| 0} paonpal 8q p|Nod sy} uay} }|is Jo
99l 1dey aq ued sisjew QQ8‘| dA0qe speay weas Ji Ing ybiy aq pjnos sjoedwi jo apnjubew |epusjod
8y "saunwiwod uelqiydwe Jidy} j0830.d 0} Jueaw s| sweals puejdn Jo speay 8y} Jo Uono8joid

MO

Mo

ajeIBPON

ybIH

uoisoi3

sweaJs puejdn

sjejiqeH |e204

‘lewiuiw 1o Mo| 0} uonebiiw Jaye syoedw [enpisal 8y} Jo souedliubls

ay) pue 9|qibi|6au 10 mo| 0} paonpal aq p|nod syoedwl 10aJipul Jo apnjubew ayy pajuswa|dwi
AlaA10aye ale asay) §| "92J0j3110Mm s}08[01d Sy} JO |04UOD PUE |0JJUOD SSBIJE pue dufjuelenb

0} pajejal sueld ay) ale sjoAs| a|qejdedoe o) eale siy) ul syoedwi [enpisal Buionpas 0} sAey ay |

-Jolew joedwi ay} jo aouesyiubis ayy pue ybiy Aian aq pinod syoedwi

108.1pul Jo Ajanas ay) pajebiiwuun §| “sonsuajoeIeyD [e0160]098 pue A}JISIaAIpolq S Bale ay) Aosjsap

0} [enuajod 8y} 9Aey sjoeduwl Jo81Ipul 8S8Y] "SS920B pasealoul pue ‘Bununy ‘seseasip pue spaam
‘sysad ‘auypiim a1 1sayiuew Ajqissod o} syoedwi Joalipul MOJ[E ||IM Yydiym siapuabus i uonjosjoid ay)
pue eale ay} Jo uone|os! ay} Buonpas ybnouyy aq |jim 308foid ayy jo 1oedwi |ejusjod Jofew ayy JoremoH

Mo

Mo

‘lewiuiw 0} Joedwi [enpisal ay) Jo aouedyiubis ay) pue o|qibiBau 0} paonpai

aq p|nod apnjubew joedwi ay) ‘Janamoy ‘pajebiyiu 8ouQ “djelapow ag pjnom uonebiiw Jnoyym
joedwi ay} Jo aoueoIubls ||eIaA0 BU) ‘Jasse uoljeAlasuod | Alobaje) e s| eale siu ey Buueapisuod pue
wnipaw 8q p|nod eaJe sy} ul sjoedwi 10a.1p 8y} Jo spnjubew ay) ‘pajebiiwun ‘pagqInisIp SS| USAS aJe
suone|ndod |euney pue eloj} ‘sjelqey ay) Jeyl Joe} ay} 4o} 1daoxa ‘ealy 108loid 8y} ul a1aymas|a uey}
eale eynr paje|os! ay) ul Ajsanss alow ajesado 0} Aj@xijun ale anoge passnasip syoedwl j9a.1p ay |

fewuiy

ajqibybaN

2)eIapo

uby Asap

ssaooe
paonpu|

senjeA
||le ease eynp

wnipay

syoedwi
108.Ip IV

sanjea
|le eale eynp

swa)sAsoo3 Ajuond

‘lewiuiw aq 0y Ajay| aJe uonebiiw

Jaye syoedw J0al1pul [enpisal Jay}o Jo 8ouUedIublsS 8y "S[9A8] MO| 0} PaaM B UINS JO UO[oNpojul
8y} Jo pooy|ayi| 8y} 8dnpaJ pjnod sueld aupuelenb ybnolyy suonebiiw jng saroads siy} uo joedwi
pIN0O paam 21}0Xa Ue JO UOIONPOJIUI [BJUBPIODY ‘[ewiuiw 8q o} Ajoy| ale sjoedwi Joauip payebiiwun
uaAa® Jo aouedllubls ayy ‘seale pates|d Ajsnoiraid pue paginisip ul moib oy Ayoeded sy Buliepisuo)
‘dweo eleuag Jeau abpu e jo doy ayy je a)is abe||iA pauopuede ue Uo pajedo| sem saloads ay]

" plooau eoyiubis Ajjeolydesboabolq e sjuasaidal }siey ngniny| ay) uo eajepses)g Jo A1DA0ISIp 8y |
‘apis uended a8y} wouy sl 8y} S| UOND3||00 ABAINS 8y (G/61 SEeH B UIWS) BBUINS MaN UJayuou
Ul Sal}|e0o] JO Jaquinu [[ews e 0} pajouisal Apasoddns Jo1ja1 oluempuos pawnsald e s| 981} ay],

[ewnuiy

[ewIuI

‘a)elapow aq 0} pajoipald sI AlSIaAIpolq uo 8l Jo 10edwi |enpisal

ay} Jo aoueoylubis ||BJaAO By} ‘Josse uolealasuod | Aiobaje) e se ealy j0sloid ay) Buuspisuo)
“Jo)je mo| Ing ybiy aq 0} pajewi)se sI uonebiiw aiojeq aJy Jo 1oedw [ejusaiod ay) jo spnyubew ay |
Joedw aAlsod B 8q pjNod SIY ] "BSISA SDIA 1O 1SaMm }sea Buljjaael) ONd Ul 81aymas|a

woJj sally Jo pealds ay) yeaiq pue yealqally e Se Joe pinod A\OY 9y} ‘S9OUEJSWNDIID SWOS U]
‘peaids pue Jejs aalp|im pinoys ease 4aoiM

pue ealy J09foid ay} Jo sease abie| sano uonepelbap walsAsods peasdsapim sjowoud o} [eijusjod
ay} sey MOY ay} Buoje syuiod wouy a1y jo uonebedoud jey) suesw juridiooy 10afoid auy jo yibus| ay |

2jeIapo

Mo

‘lewiuiw 8q 0} pajoipald si elojy

uo s)08ys abpa jo uonebniw Jaye Joedwi [Bnpisal 8y} Jo aduedyiubis ||BJOAO BY} ‘}9SSE UOIIBAISSUOD

| AioBeje) e se ealy j09foid 8y} jo elojy pue uone}aban ay) Buuspisuo) "uonebiiw Jaye a|qibi6au Inq
MO| 8q 0} pajew}sa a10ja1ay) s| uonebiiw 81049q BJOJ UO S}0aye abpa Jo 10edwi ay) jo spnjubew ay |
‘abpa sy} Jo uoisols Jayuny Joj [enusjod ay)

ajeulwi|a Jo aonpal ||Im abpa ay) Buoje Bujulewas saal) abewep A|DAISS8IXS JOU SBOP UOIIONJISUOD Jey)
a1eo Bupje] ‘s|eas A|pidel abpa }sa104 8y} Jey) pue Aresodway aie uoionysuod auljadid snoiraid woly
s}oay)o abpa [9As| BSOS SA0QE SISBW 008‘| INOJE MOJaq Jey} sajedlpul Josfoid |10 8y} yim sousuadxy

[ewnuiy

[ewiuI

ajeISPON

ajRISPON

[ewnuiy

S]]
jejiqeH

(e8n
paiabuepus
NONI) euended
eajepses|g

- UIB0U0D
Uol}eAIaSU0D

J0 sa10adg

ubIH

au4

eunej pue
elo)} ‘uoneyebop

Mo

[SETIE]
abp3

eJol4

ealy joafoid weansdn

+«S3JON

joedw)
lenpisay

uonebN
Ryy
apnjubepy

uonebN
Inoyum
joeduw)

alojeg
apnjubepy

J10ydasay
Jo anjep

10)oedw)
lenuajod

anjep

SI3 @y} wodj sisAjeue joedwi jo sajdwex3]

'SV 9d|qel

BIODIVERSITY STRATEGY

89



'$9|e0s Jauly Je Jueoylubls aiow sawooaq }i ‘JeAsmoy ‘S| ey} ul a|qibljBau aq 0} paulwlsiep sem ealy 108(old Wwealsdn 8y} uo sso| Jeliqey Jo syoedwi [enpisay,

aoueoyiubis |eunynd
1O BUNE]J puUe BlIOj) pue sijejigeH

X

X

X

X

$81pogJalem JIBALI-IIO

X

x

X

X

sadeospue| 8|ge]s Ul SI9AL pUB|MOT]

sadeospue|
a|gejsun uj sabnjas weass

}sa40} dwemg

sweaJ)s puejdn

X | X | X[ X

sdwems sjoyjuis

X[ X [X[X]|X

XXX [X]|X

X[ X |[X[X]|X

soAe)

s

e)iqeH [es0

ealy
Juswabeuepy SjIIpIM NGNINY a3e

uoljeine BWOH 8y} Uo siajow 008‘L
aAoqe 18810} apnyyje-ybiH

X

X

X

x

abpry sepiH

eale eynp oy

swa)sAsoo3 Ajuolid

sasodind jenjuids pue |einynd
pue asn 82JN0Sal 10} SalJIUNWWO0D
|eo0| 0} @ouepodwl Jo AjisiaAlpolg

UJaoU0d UONBAISSUOD JO sal0adg

sa10ads jo sabejquiasse anbiun

sa10ads ojwapu]

sa10ads maN

X | X[X|X|X|X

X[ X|X|X|X|X

Ayistanip [euney ybiH

XX [X|X|X|[X]|X

Ayssenip onsuioly ybiH

XX |[X|X|X|[X]|X]|X

XX |X|X|X|[X]|X]|X

XXX X|X|[X]|X]|X

1S8.0} J0BIUI BAISUBIXT

ealy }

299foid weassdn

$S300y
pasueyug

saseasiqg
pue sajoadg

ual|y jo peaidg

pue uoijonpoujuj

aig4

sbuimpng ybiH
ul sjo9443 uoisouy
pue isrueg

}siey]
apnyyje-ybiH ui
S)09))3 uoisolg

pue uaiieg

isiey| apnyyje
-ybiH ui
s)o9y3 abp3

LSS0 Jenqey

sanjep

309443 10211pU|

syoay3 30aa1a

sanjeA AjisiaAlpolq 0} sjoeduwi] [enpisal JO aoUBAd|Y

G'GV 9d|qel

90

BIODIVERSITY STRATEGY



Appendix 6 — Route Choices

1 PNG LNG Project Pipeline Routes — Broad Scale

The Project’s principal pipeline routes have been divided into four sections; Juha Production Facility to Hides
Gas Conditioning Plant, Hides Gas Conditioning Plant to Kutubu Central Processing Facility, Kutubu Central
Processing Facility to Omati River Landfall, and Omati River Landfall to the LNG Facilities site.

1.1  SECTION A: JUHA PRODUCTION FACILITY TO HIDES GAS CONDITIONING PLANT

There is no option to deliver gas from Juha to Hides Gas Conditioning Plant except through largely
uninhabited and undisturbed primary tropical forest. In other words, the Juha—Hides Rich Gas Pipeline and
Juha—-Hides Liquids Pipeline will break new ground wherever they are located. The route alignment, therefore,
is the shortest that can be constructed safely and avoids unstable terrain. This broadly equates to the lowest
level of forest clearance and ground disturbance.

1.2  SECTION B: HIDES GAS FIELD TO KUTUBU CENTRAL PROCESSING FACILITY

The LNG Project Gas Pipeline starts at Hides, together with the Hides—Kutubu Condensate Pipeline. Within
the vicinity of this pipeline route section is the Agogo Gas Pipeline, which will generally parallel the existing
crude oil export pipeline ROW from Agogo to the Kutubu Central Processing Facility.

1.2.1 Eastern or Western Routes

Options for this section involved first a high-level choice between routes east and west of the Tagari and
Hegigio rivers.

The western option was some 40 kilometers shorter over an area of more stable ground and easier
construction. However, this advantage would be offset by taking the pipeline some distance from the Angore
gas field, by having to cross land undisturbed for all but the first few kilometers south of Hides, and by the
logistical and practical issues of crossing the large highland Hegigio River as it exists at the Hegigio Gorge.

The eastern option and its features are largely the inverse of the western route. Much of the route has been
lightly disturbed by human activity and there are roads at either end. It avoids a major crossing of the Hegigio
River and it is more conveniently located in relation to Angore and existing roads. These factors outweigh the
distance and terrain advantages of the western route and the eastern route has been selected on this basis.

1.2.2 Options with the Eastern Route

The eastern route will be able to take advantage of the roads and human disturbance at either end. However,
alternatives were identified between Homa and |dauwi and again at Wage Creek, north of Lake Kutubu, which
offered optimizations.

1.3 SECTION C: KUTUBU CENTRAL PROCESSING FACILITY TO OMATI RIVER MOUTH

While generally following the ROW easement of the existing crude oil export pipeline, the presence of this
pipeline in the Kikori River raised safety and operability constraints for what would otherwise have been the
most direct way out to sea. Therefore, the next-best landfall, through the delta of the Omati River to the west,
was chosen.

The route basically follows the crude oil export pipeline route but significant options were considered and
adopted in two important sections: Moro to the Ai'io River, and Kikori River Crossing to Omati River Landfall. A
third option to align the pipeline between the Kutubu Central Processing Facility and the Mubi River along the
valley of the Digimu River crosses undisturbed country and was rejected to follow existing infrastructure.
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1.4 SECTION D: OMATI RIVER LANDFALL TO LNG FACILITIES SITE LANDFALL

From the Omati River Landfall to the Caution Bay Landfall at the LNG Facilities site, the LNG Project Gas
Pipeline base case runs 407 kilometers past existing oil export facilities and across two broad subsea
environments: the sediments of the Gulf of Papua prograding offshore from the deltas of the Kikori and Purari
rivers; and the reefs and coral sand lagoons approaching landfall at Caution Bay.

The alternative for this section is to take the pipeline overland to Port Moresby. This would entail an almost
entirely greenfield route, with environmental impacts, land access issues, a number of large river crossings
and constraints imposed by special features, such as caves and archaeological sites. The preferred option by
sea avoids these issues.
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Appendix 7 — Calculation of Offset Debt

The system used for terrestrial habitats was a modification of the Victorian Native Vegetation Framework.
The procedure to calculate the offset requirement was as follows.

1. Determine the Broad Vegetation Group (BVG) (see Appendix 4) to be cleared.

2. Determine the quality of the vegetation being cleared. In the Victorian system, this is done by comparing
the structure of the vegetation on the site to be cleared with a benchmark set of values of what top
quality habitat should look like and further judged on landscape ecology principles as to how the site
fits in the landscape. The scores are then normalized to generate a score between 1 and 0 with 1 being
pristine habitat in a non-fragmented landscape and 0 being a site bare of vegetation.

The scoring system for habitat quality used here was based on the vegetation condition classes defined
in Table A7.1 (extracted from the Appendix 1 to the EIS). A score was attributed to each habitat condition
type based upon the assumption that condition A1 (old growth forest with no disturbance) was the
optimum condition and attracted the maximum score of 1. At the other end of the scale, road and facility
surfaces do not support biodiversity so are given a score of 0.

3. Determine the area lost in each BVG multiplied by condition class category.

4. Apply multipliers according to the biodiversity value of the habitat being cleared. The highest multiplier as
defined by the Victorian Native Vegetation Framework is X2. Considering that the forests in the Upstream
Project Area support many rare and threatened species, and that the forests constitute a significant area
of the world’s intact rainforest, a multiplier of X2 was applied to all scores. In addition a further multiplier
of X2 was applied if the cleared area was in a priority ecosystem or in a WWF significant biodiversity
area. The multipliers were applied cumulatively. Table A7.2 gives examples of the calculations.

Tables A7.3 and A7.4 present the habitat hectare debt for the Upstream Project Area according to vegetation
type and bioregion.

Table A7.1 Habitat condition categories

Condition Description Score for Habitat
in EIS Hectare Analysis
A1 Old growth forest in non-fragmented landscapes. 1
Reduction in biodiversity value due to small-scale local use near settlements,
A2 . . 0.8
larger mammals reduced, some medium sized trees cut.
c Loss of many medium sized trees and diminution of populations of harvested 0.7

wildlife.

Forest with many pioneer and secondary species, low populations of forest
D interior specialists but good populations of generalist species. Poorer 0.5
structure than other condition classes.

Cleared areas and gardens still have biodiversity value with populations of 0.1
many species of vertebrates.

Logged forest with severe reduction of commercial trees, disrupted

. ) L o 0.25
populations of canopy species and forest interior specialists.

River surface - no vegetation.

Existing oil pipeline ROW — no vegetation.

Road surface - no vegetation.

m A O <
o|lo|o|o

Facility surface - no vegetation.

' DNRE. 2002. Victoria’s native vegetation management: A framework for action. Department of Natural Resources and Environment,
Victoria.
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Table A7.2

Examples of offset debt calculations

Segment Bioregion Broad Condition| Area Habitat Priority If Yes, Ina | If Yes, Final
Vegetation (Hectare)| Hectare | Ecosystem| Then | WWF | Then Habitat
Group Score X2 Area? X2 Hectare
Score
Juha wells | Western Low altitude A1 2.70 5.41 Juha 10.82 No 10.82 10.82
to the Baia | Foothills medium
River crowned forest
catchment
Kondari Eastern Lower D 3.50 3.50 No 3.50 No 3.50 3.50
River to Uplands montane small
Lake Kutubu| Volcanics/ |crowned forest
Karst
Kutubu to Moro Swamp R 2.89 0.00 Lake 0.00 Yes 0.00 0.00
Moro Region woodland and Kutubu
forest
complexes
Ai'io River | Mubi River |Medium E 0.15 0.01 No 0.01 No 0.01 0.01
valley Karst crowned to
small crowned
forest
complexes
Table A7.3 Habitat-hectare debts in various vegetation types
Broad Vegetation Group Habitat Hectare Debt Percent
Cultivated or non-vegetated 14 0.2
Low altitude medium crowned forest 1,708 25.9
Low altitude small crowned forest with Nothofagus 15 0.2
Lower montane small crowned forest 1,406 21.3
Lower montane small crowned forest with Nothofagus 1,243 18.9
Lower montane very small crowned forest complexes with Nothofagus 507 7.7
Mangroves 7 0.1
Medium crowned to small crowned forest complexes 922 14.0
Medium crowned to small crowned forest complexes with Nothofagus 250 3.8
Open lowland forest 119 1.8
Open lowland forests and freshwater swamps 24 0.4
Small crowned lowland forest 107 1.6
Swamp forest complexes 215 3.3
Swamp woodland and forest complexes 49 0.7
Grand total 6,586 100
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Table A7.4 Habitat-hectare debts in various bioregions

Bioregion Habitat Hectare Debt Percent

Eastern Uplands Volcanics/Karst 1,463 22.2
lagafu Agogo Limestone Uplands 868 13.2
Kikori Lowlands 995 15.1
Moro Region 258 3.9
Mubi River Karst 1,154 17.5
Northern Montane Karst 532 8.1

Western Volcanics 592 9.0

Western Foothills 684 10.4
Western Lowlands 40 0.6

Grand total 6,586 100
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Appendix 8 — Details of Programmed Monitoring
Activities (PMAS)

1. PMA 1 Remote Sensing of Indirect Impacts

1.1 AIM

This PMA uses remote sensed imagery analysis to determine to what extent the project has facilitated or
increased the occurrence of anthropogenic habitat loss and degradation within the Upstream Project Area.
The PMA will also allow estimation of final forest losses after construction.

1.2 METHODS

Various remote sensing techniques are used to:
1. Detect and map changes to forest cover in the Upstream Project Area.

2. Determine which of these are the result of natural processes such as landslides and changes to river
morphology and which are the result of anthropogenic processes.

w

Distinguish between anthropogenic processes:

— Road building.

— Logging.

— Development of broad scale agriculture such as oil palms, fish farms and other crops.
— Broad scale shifting cultivation.

— Permanent settlement.

— Other human activities resulting in habitat loss and degradation.

4. Detect and map fires.

5. Determine the geographic source of anthropogenic activities and which have emanated from project
infrastructure.

1.3 ADAPTATION

Locations and resolution of imagery may be adapted depending upon results of previous analysis. However,
continuity is required so changes must a) be additional to, not instead of, previous imagery acquisition system,
and/or b) allow legitimate year-to-year comparisons of the same areas.

1.4 PROPOSED FREQUENCY

Every two years starting in 2011.

2 PMA 2 Aerial ROW Surveys

2.1  AIM

This PMA gathers data on the condition of the whole ROW and Project roads, as well as checking for local indirect
impacts by regular aerial inspection and the status of focal habitats located adjacent to the ROW or roads.
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2.2 METHODS

Aerial reconnaissance and if possible, videography of the ROW, Project roads and facilities at low level will
be carried out by helicopter. On each occasion, the ROW and the nearby focal habitats will be checked for
condition. The following aspects of condition will be recorded:

= Measures of ingrowths of regeneration.
= Areas of the ROW not regenerating.

= Areas of erosion not rehabilitating.

= Focal habitats still intact.

= Weed infestation.

= Signs of human intrusion.

= Status of focal habitats identified and mapped during the preconstruction surveys next to the ROW, roads
and facilities.

Ground checks will be undertaken as necessary during the flyovers.

2.3 ADAPTATION

This PMA would be adaptive in that, if monitoring indicated remedial action, e.g., weed eradication, was
necessary, the monitoring team would carry out the action and adjust monitoring accordingly. However,
continuity is required so alterations to the monitoring regime must a) be additional to, not instead of, previous
monitoring, and/or b) allow continuity of comparisons of the same areas.

2.4 PROPOSED FREQUENCY

Twice annually starting a year before the start of operations.

3 PMA 3 Regeneration Surveys

3.1 AIM

This PMA gathers data on the progression of successions and faunal communities and the condition of
forest adjacent to the ROW and roads and facilities. This PMA is not to be confused with the monitoring to be
undertaken as part of the Reinstatement Management Plan under the ESMP during construction under which
vegetation cover will be measured quarterly.

3.2 METHODS

1. Regeneration will be monitored using permanent plots stratified by substrate, location and treatments
(left to regenerate naturally or assisted regeneration) and scored using a benchmarking system.

2. Forest condition next to the ROW and roads will be monitored to determine if the forest is degrading or
maintaining its condition (edge effects).

3.3 BENCHMARKING

Following clearing, succession is predicted to progress to the original forest in structure and species
composition. Under natural circumstances, species composition is unpredictable since tree recruitment has
a strong stochastic basis driven by dispersal dynamics, seedling competition, sweepstakes establishment in
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gaps, and density dependent seed mortality. High, small-scale variability in species composition is a salient
characteristic of tropical forests. Were a monitored site to develop an identical species composition to the
original, it would be considered that regeneration was successful. However, if it regenerated to a completely
different suite of species found in surrounding primary forest, then it would also be considered a success.
Thus, knowledge of the exact previous composition is not critical to judging success of regeneration, only
whether the regeneration is within the limits found in intact examples of that particular forest type.

A similar argument can be made for structure, which also varies locally but, in this case, it is possible to make
finer judgments as to the progression of succession. A regenerating site may have good representation of
saplings of ‘primary’ forest trees but the site’s structure as measured by, for example, canopy cover, height,
size class distribution of trees, leaf litter development, diversity of life forms and plant functional types, etc.,
may indicate a retarded succession that will not develop well.

The argument is the same for fauna. A change in community composition is to be expected but would not be
considered as evidence of failure because such variability across the forest landscape is to be expected.

Thus, instead of a control-impact/before—after approach, the monitoring system proposed for the Project uses
a benchmark approach. Sites will be compared against benchmark values for intact habitat types (see, for
example, Parkes et al., 2003)

3.4 FREQUENCY OF SAMPLING, NUMBER OF SAMPLES AND FIELD ROUTINE

The frequency of sampling for PMA 3 is best determined by the expected rate of change of the variables being
measured. In the case of the regeneration of forest habitats and build-up of faunal communities, it is useful

to consider that there will be an initial rapid colonization of pioneer and secondary plant species, followed

by colonization of fauna characteristic of open and secondary areas (generalist forest species according to
Appendix 1 to the EIS). Subsequently, there will be gradual maturation of the succession with an increase

in frequency of primary forest species then the colonization of adaptable then primary forest fauna species.
There is probably a continuum in species dependence on old growth, but this has not been a very active
research topic. It should be noted that some primary forest fauna species might not colonize for a couple of
decades.

Frequent sampling may be necessary to estimate the speed of succession but the major interest of monitoring
is to determine whether progress towards mature forest and faunal communities is occurring. A longer period
between samples is preferable as this will enable more resources to be placed in increasing sample size on
each sampling occasion.

To monitor if forest is degrading next to the ROW or roads, the plot will be extended into the intact forest and
that will be scored against mature forest benchmark. No deviation from benchmark is expected if edge effects
ameliorate rapidly.

The number of plots will depend upon final Project layout and accessibility. The level of replication would
depend upon final Project layout and logistics. Ideally, several plots would be assessed from each helicopter
landing point. The suggested number of sample sites and stratification is shown in Table A8.1. In order to
conveniently monitor both regeneration and forest condition next to the ROW, a plot design involving a long
plot extending from the ROW or road centerline into the forest will be considered.

Fauna may also be monitored, logistics allowing, at the same sites or a subset of the permanent plots.
Methods would be:

1. Birds:
a. Twenty species counts.

b. Species tally walking between plots.
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2.  Mammals:
a. Spotlight transects 1 kilometre long for nocturnal mammals.
b. Species observations walking between plots.

Fauna results are likely to be expressed as abundance of guild types, e.g., frugivores, carnivores.

3.5 PROPOSED FREQUENCY

Years 1 (2 years before start of operations), 2, 4, 7 and every three years thereafter.

Table A8.1 Cross tabulation showing occurrence of substrate, location and treatment combinations and
number of replicates for monitoring regeneration using permanent plots

Substrate
Limestone Limestone . Sedimentaries
Volcanics .
Pavement Rubble and Alluviums
° - - -
Q Q () ()
= © = © —= ® —= ®
< = < = S = | £ = 2
Location S o) S S =
5 § 5 ® |5 8|8 E o
4 < 4 < 4 < 4 < L
() (<) () ()
14 © 14 ©

Juha Special Area (Juha Production
Facility to Wai Asia River)*

w
N
a

Juha Special Area (Wai Asia River
; . 3 3 6
to Karius Range)

Hides Ridge Special Area (end of

pipeline to Wellpad A) 8 . 9
Hides Gas Conditioning Plant to

. 3 3
Benaria
Homa Deviation Special Area

: 3 3 6
(Benaria to Homa)
Kutubu (Tibi Creek to Moro) 2 2 2 6
Moro to Heartbreak Hill 3 3 3 9
Heartbreak Hill to landfall 3 3 3 3 3 15
Totals 3 3 14 10 6 3 11 6 56

* Not to be commenced until Juha section of project is constructed.
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4. PMA 4 Road Record Assessment

4.1 AIM

To monitor the use of project roads and infrastructure in order to demonstrate that during construction and
operations their use remains restricted to Project activities only.

4.2 METHODS

Compile records being collected under the Induced Access Management Plan of the ESMP during construction.

4.3 PROPOSED FREQUENCY
Six monthly, starting in 2012.

5 PMA 5 Efficacy of Offset Projects

5.1 AIM

To assess the overall efficacy of the Biodiversity Offset Delivery Plan.

5.2 METHODS

Each biodiversity offset project will be designed with its own performance indicators and monitoring plan.
Requirements will be included for monitoring results to be integrated with the overall monitoring database
utilized for the Biodiversity Monitoring Plan. Performance of each biodiversity offset project will be included in
reporting of the Biodiversity Monitoring Plan and the results compiled to provide an overall assessment of the
efficacy of the delivery plan.

5.3 PROPOSED FREQUENCY

Yearly.

6 Reference

Parkes, D., Newell, G. and Cheal, D. 2003. Assessing the quality of native vegetation: The ‘habitat-hectares’
approach. Ecological Management and Restoration 4:29-38.
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Appendix 9 — Biod

Targets and Endpoints

Proposed targets and endpoints for the PMAs are provided in Tables A9.1 to A9.3 below.

slaumopue|
JuapIAe 10 108f01d Yum pajeloosse
QUON JUSPIAS SUON JUSPIAG SUON JOU—UOISINOUl UBWNY ON uoIsINoul uewny
ainjoniselu
wouJj pajesauab Aiebew abueyo ainjonJyseljul
juing sjoid oN S911} JO BOUSPIAS ON u| sJeos ally oN UiMm pajeloosse sallj ON all4
ainjoniselul
sjo|d 1salo} yim pajeloosse 9INJONJISELUl YIM pajeloosse
WwoJj 82UapPIAS YoEgaI] pa108)ap 3oegalp JO Baly 3oegalp Jo uoisuedxa ON yoegalg
Aonins
sjo|d uopelsuabal | Buunp pajeso| suole)sajul 9INJONJISELUI UM Pajeloosse
U1 spaam jo Ayuap| Ul spaam Jo Ajuap| seale paam Jo uoisuedxa oN
sjo|d uonelssusabal S1aA0A}} Ul suone)sajul 2INJONJISELUl YIM PaJeloosse
UO SP9aM JO JOAOD | Poam JO eale pue JaquinN Spaam Jo sa10ads mau oN LT
saljljioey
pue speol ‘MOY sal}l|1oe}
y}lewyouaq wouy 10 abpa Jo sivlewW Q0L sylewyouaq pue speos ‘\\OY
sjo|d }sa.0} Jo uonelnaqg UIY}IM JOAOD }s8104 mo|aq apelbap jou ||Im }s8104 0} }xaU jejqey ||
aBpry sapIH yo
yJewyouaq AydesBoapin wouy ‘'MOY Ajjewdsou a|qgnJ auojsawli| uo
woJ} syoid uoneisuabal MOY 8y} uo ayensqgns 8y} uo ajelisqns ssalboid uopelsusbal | ejessuabal 0) pamoje
Jo uonelnaq ey} UOo JBA0D }s8104 Jey} Uo JBA0D }sa10 :paddu aleym sjuawaned uofje}eben pases|)
aBpry sapIH yo
yJewyouaq AydesBoapin wouy ‘'MOY a1 108loud ui Algeadnou a|qgnJ auojsawli| uo
wol} sjoid uoneisuabal MOY 8y} uo ajensqgns 8y} uo ajelisqns ssalboud jou |im uoieleusbal | a)jelsusbal 0} pamoje
Jo uonelnaqg Jey} Uo JOA0D }sd104 Jey} Uo JOA0D }sd104 :paddu jou aleym sjuswaned uolje}eben pases|)
Aimols |113s Inq undiooy Josfoud *2J19ymMas|o
9pISINO Seale pales|d Uo asoy} juawsaned Jo
yewyouaq AydeiBospia woly "MOY uey} JoyoInb suolsseoons a|qgnJ auo)sawi| uo
woJy sjoid uonessuabal MOY 8y} uo ajensgns 8y} uo ajelisqns UM SHJOM Juswajejsulal | ajesauabal 0} pamojje
Jo uoneinaqg 1By} UO JOA0D }s8104 Jey} UO JOA0D }S8104 Ja)e ajelauabal M :8|qqny uofje}eben pases|)
AJUIDIA Ul SBpI|SpUE| UO 8SO0U} "SO)IS OIUBD|OA
yJewyouaq Aydeiboapin wouy Se awes ay) suoISsSadoNs aAIsola A1aA uo
woJy syoid uonessuabal MOY 8y} uo ajensgns | AMOY 8y} uo ajesisqns UM SHJOM Juswajejsulas | ajesauabal 0} pamojje
Jo uoneinaq 1By} UO JOAOD }S8104 Jey} Uo JOA0D 1S90 J9)je ajelauabal |jIpm uofje}eben pases|)
juidiooy 108foid apisino $9)IS duojsawll|
yewyouaq AydeiBospia woly seale pales[o Uo Se awes -uou a|ge}s uo
woly syoid uonessuabal MOY 8y} uo ajensgns | AMOY 8y} uo ajesisqns 8y} SUOISSa00NS YpMm Joafold | oyesauabal 0} pamojje
Jo uoneinaq Jey} Uo JOA0D }S8104 Jey} Uo JOA0D 1S90 10 ay| ul ajelausabal |jIMm uofje}eben pases|)
j08foid
84} Upm pajeroosse g3 1s8l0} JoBjUl
(eJe308Yy) J9A09D 188404 | Ul UoiOIpald puokaq sasso| ON | ealy Jo8foid ul}saio4 QAISUdIX]
S VINd ¥ VINd € VINd Z VINd I VINd
paJoyluoj aq 0}
lojeolpu| a|qissod |eoo Ajsianipolg sjobue] Ayisianipoig anjep
ajoym e se eauy Jo9foid wealysdn ayj Jo sanjea jo Buriojiuop 1'6V dlqel

>
o
E
<
14
=
(72}
>
—“
N
14
w
>
(a]
o
o

103



sasodind
|enjuids pue jeanyno
pue asn 82In0sal

sasodind
lenyuids

pue [en}jno
pue asn
90INn0Sal 10}
sa)UNWWoo

S|3 8y} Jo} papIodal 10} SIUNWIWOD |e00|
950y} Mojaq siequinu |e20] 0} 9ouepodwl 0} 9ouepodwi
s910ads Jo uonuIWIp ON 10 Ayisianipolg | jo Ayslanipolg
S|3 8y} Jo} papiodal uJaou0d
9SO0Y} MOJaq SJaquinu | UJSdUOD UOBAISSUOD UO[}EAISSUOD
s910ads Jo uonnuiwip oN Jo sa0ads Jo savads
S|3 8y} Jo} papIodal s9)0ads jo
S0y} MOoJaq siequinu s9|0ads Jo sabe|quasse
saloads jo uopnuiwip oN | sabejquasse anbiun anbiun
S|3 8y} Jo} papiodal
S0y} Mojaq siaquinu saoads
$919ads Jo uonnuIWwIp ON sa10ads olwapug olwepug
SI3 8y} Jo} papIodal
S0y} Mojaq siequinu
sal0ads Jo uojnuiwip oN sal0ads MaN sal0ads MaN
SI3 9y} Jo} papiodal
S0y} Mojaq siaquinu Aysianp
$919ads Jo uonuIWIp ON eune4 jeuney} ybiH
SI3 8y} Jo} papIodal
S0y} Mojaq siequinu Ayslanip
s910ads Jo uonnuIWIp ON elo|4 onsuol ybiH
S VINd ¥ VINd € VINd ¢ VINd I VINd
paJojiuoy aq 03
Jojeoipuj 3|qissod |eoo Aysianipolg syabue] Ajisianipolg anjep
(P3uod) ajoym e se eauay Joafoid weasysdn ayj Jo sanjea jo Burojiuopy 1’6V 9l9eL

104

BIODIVERSITY STRATEGY




JUSPIAG BUON

JUSPIAG BUON

JUBPIAG BUON

siaumopue|
10 Jo8f0id Yim pajeroosse
Jou—Uuo|SINdU| uBWNY ON

uoisInoul uewnH

j09[01d By} Yyum pajeioosse

‘wa|qoid
|eoibojoos
ue Jayjieu

‘papiooal a1em
SPaaMm O1jJ0Xa
omy Ajuo pue

(aJe308Y) S|3 ul uopdipaud abpry uolipuod poob
JOA0D }SB104 puoAaq sasso| ON SOpIH UO }S8I0}4 JO ealy ul s|}saloj ay |
abpry sapiH
aJinjonJiseljul
wouy pajesauab AisBew) abueyo ainjonJjsesyul
juing sjo|d oN Sall} JO 9OUBPIAS ON ul SJeos ally ON UHM pa)eIDOSSE sallj ON all4
ainjonuselul ainjonuseljul
sjo|d }se10) WO} | YHM pa)eIDOSSE Pajoslep YiMm pajeroosse
90UBPIAS Yoegalg 3oeqalp jo ealy 3oeqgalp jo uoisuedxa ON 3oeqaiq
Konuns Buunp ainjonJjsesyul
sjoid uonelausbai pajeso| suoleisajul U}IM pajeloosse seale
Ul spaam Jo Ayjuep| Ul Spaam Jo Aypusp| paam jo uoisuedxa oN Spasp
abpry sopiH UO SIaA0A)} alnjonJiseljul
sjoid uonelausbai Ul SUOIjBISBjUI PIaM 108(0id yum pajeroosse )
UO SPaam JO 1BA0D) JO BB pUE JaqUINN Spaam Jo saloads mau oN spaa Bale sy}
Ul SO1}OX8 Jayjo
pue speam
Buipeaul speam oN Spasp JEGIETETITR
slaumopue|
10 108[0id Yum pajeloosse
JUSPIAS BUON JUSPIAS BUON JUSPIAS BUON JouU—UOISINOUl UBWNY ON uolsInoul uewnH
"Judiooy
109(oid apisino seale
YJewyouaq wody Aydeiboapin wouy MOY paJes|o uo se awes ay}
sjo|d uonesausbal MOY 8y} uo ajensgns 8y} uo ejesisgns SU0ISS829NS ypm Josfoid ajesauabal 0} pamojje
Jo uopeinaqg Jey} Uo JoA0D }S8104 | ]BY} UO JOAOD }SaI04 10 81| Ul 8yesausball (M uolnejaban pases|)
ue speol >mm owm_ ‘Bune;
p p MOY 4 pue uonejaban
abpa Jo s1e}eW Q0| sylewyouaq mojaq oe} pue speos | 1 Uo SouBNLUI
UIYHM JBAOD }S3104 apelbap jou |Im }sa104 | ‘AOY O} IXau jejqey ||y u :mE_w:_.
108(0id By} YyIm pajeloosse 10)08| 8Y) puE
(a4e308Y) S|3 ul uodipaud uoibai ay} jo
J9A09 }$9104 puoAaq sasso| ON eaJle BYN[ Ul }S8I04 | Ssauajowal ay ]|
ealy eynpr
paJojiuoly aq
S VINd ¥ VINd € VINd ¢ VINd I VINd |eoo Aysiaaipolg o} sjabue| Aysianipolg *ON[eA

swa)sAso09a Ayioud jo Burioyuo

g6V alqel

>
o
E
<
14
=
(72}
>
—“
N
14
w
>
(a]
o
o

105



(a1e308Y)
190D 159104

108[01d 8y} Y)IM pajeroosse
SI3 ut uoolpaud
puokaq sasso| ON

si9jeW 008’1
9AOQE }S810} JO BaIY

uonIpuod
pue eaue }saio4

uoneIAS( BWOH 8y} UO SIBIBIN 008 L dA0qe }saio apnyiyje-ybiH

Sylewyouaq MOY JO aplIs Jayye
woyj syod SJOAOA|} WOl UOISOID juasaud ||3s s}oaye Jalieq 'sBuipno ybly ul sysye
}$210J JO UoOneINeQ JBYMNy JO 9oUBPIAS ON 0} 9|qndaosns saoadg uo|ISoJd pue JaLleg
sylewyouaq MOY Jo apis Jay)e 1sley
woyj sjod SJOAOA} WOl UOISOID juasaud ||3s s}oaye Jalueq apnyye-ybiy ui syoaye
1S910} JO UoneINeQ JBYMN} JO 9OUBPIAS ON 0} 9|qndaosns saoadg uo|soJd pue Jalleg
Sylewyouaq sabpa peos pue
woyj syod SJONOA|} WOy JUSPIAS MOY wouy Aeme Buipuedxa sjoaye ‘1sley apnyye
}$210} JO UoneINe(] Adoueo jo sso| oN 1S90} JO Jeal}al ON abpa Jo aouspine ON -ybiy ui syoaye abpg
sylewyouaq ainjonusesyul
wouy syold wouj pajesausb Aiabew) abueyo ainjonJseul
1S810} JO UoneINeQ Sall} JO 9OUBPIAS ON ul SIeos ally ON UM pPBJEIOOSSE Sall) ON a4
ainjonusesyul ainjonJjsesjul
s)o|d }S8.0} WO, | YHM Pajeloosse pajosjep Ulm pajeroosse
90UBPIAG Yoegalq 30eqgalp JO ealy 3oeqgalp Jo uoisuedxa oN yoeqaig
sjo|d Aanuns Buunp ainjonJsesul
uopjessuabal uy pajeoo| suone)sajul U}IM pajeloosse seale
spaam Jo Ajjuap| ul spaam Jo Ayjuap| paam jo uoisuedxs oN Spaap
abpry SepIH UO S19N0A}4 ainjonJjsesjul
sjo|d uoneiauabal ul suone)sSajul paam UM pajeloosse
Uo SPaaM JO 19A0D JO Bale pue Jaquinn Spaam Jo sa10ads mau ON Spaap

sylewyouaq
woyy syo|d
}s210J JO UoneINeQ

saljoe)

pue speol ‘A\OY

Jo abpa Jo suslewW Q0|
UIYJIM JOA0D 15810

syJewyouaq
Mmojaq apeibap
JOU [|IM }S8104

DB} pue Speol
‘MOY 0} }xau jeyqey ||y

pue speo. .>>.Ow_
0} }xau sabpa }salo4

YJewyosuaq wouy
sjo|d uonessuabal
Jo uoneinaQg

AydeiBoapia wouy
MOY 8y} uo sjensqgns
Jey} uo JOA0D }salo

MOY
8y} uo ejelisqns
Jey) Uo JOA0D }s8104

uudyooy j08foid apisino
SeaJe paled|d Se swes

8y} aq |[IM uoljelauabail
pajejsulal Jou aIdyp

abpry sepIH
uo 9|qqnJ suojsawl|
uo uojfjejaban pases|)

}ewyouaq wody
sjo|d uonelausbai

AydeiBoapia woly
MOY 8y} uo ajessgns

MOd
8y} uo ejesqns

“Aimols s Inq

juldiooy Joafoid apisjno
seale paJes|d Uo asoy}
uey} JexoInb suoissaoons
UHM S3}JOM Juswaleisulal

abpry sepiH
uo 9|qqnJ auojsawl|

10 uopelneq Jey} UO JOA0D }S8104 | }By} UO JBA0D }S8l04 Jaye ayessuabal ||IM uo uofjejeban pases|)
(pauod) abpry sapiH
paiojiuoy aq
S VINd ¥ VINd € VINd Z VINd L VINd Ieoo Aysianlpolg 0} sjebe) Aysianipolg «BN[eA
(pJuod) swaysAsooa Ayioud jo Bulioyiuop 2’6V dlqel

106

BIODIVERSITY STRATEGY




>
o
w
"S|3 8y} ul paisi| se senjeA ale asay] , _N
14
jussaid =
sjoefoid 1950 W) SpIoday 1}s se19ads olwepug ysi4 euney ysi4 (7))
>
Sylewyouaq ainjonuselyul =
woyy sjoid wouy pejelousb KieBewr ebueyd aJinjonuiseljul )
1S9.0} JO UoneINaQq Sall} JO 90UBPIAG ON ul SIEDS Bll} ON UM pajeloosse sallj ON all4 ['4
w
aJnjonusesul ainjonuiseuyul >
sjo[d }S8.0} WO} | Y)M PaJeIDOSSE Pajoalep UM pajeloosse m
92UapIAe Yoegalq 30BQAIP JO BAIY 30BQaIp JO Uoisuedxa oN 3oeqgelg (o)
sjoid Kanuns Buunp alnjonJiseljul m
sjosfoid jes0 uonelsusbal ul Pajed0| suoljeisajul U}IM pajeloosse seale
Aq paplodal spaam Jo saloads maN spaam jo Ayjuap)| ul spaam jo Ayjuap| paam Jo uoisuedxa oN SpaapA
VIAM
UIYHIM AOY UO SISNOA} ainjonuiseuyul
sjo|d uoiesauabal Ul SUOIE}SBJUI PaaM UM pajeloosse
UO SPaaMm JO JBA0D JO BaJE pue JaquinN Spaam Jo sa10ads mau oN Spas\
saljioe}
Sy ewyouaq pue speos ‘\\OY Sy ewyouaq sal|1oey}
wouy sjod Jo abpa Jo sisjew Q0| mo|aq apeibap e} pUE Speol pue speos ‘M\OY
1S9.0} JO UoneINaQq UIYHM JOAO0D }Sa104 10U ||IM }S9.104 ‘MO¥ 0} 1xaU Jejgey ||y 0} Jxau sabipa }sai04
uoIONIISUOD JO pud uonIpuod
(ey) Jonoo 3salo4 Je Se awes J9A0D }S8104 }S910} JO BAlY | pue eale }sai0
ealy Juawabeuey ajp|IM Ngniny aye]
Sy ewyouaq MO¥Y JO apis Jayye
wouy sjod SI9NOAL) WOUY UOISOID wasald ||is s}oaye Jalueq 'sBumno ybiy ui syoaye
1S9.0} JO UoneINaQq JaYlN} JO 9OUSPIAS ON 0} a|qudaosns saloadg uoIS0Ja pue Jalueg
Sy ewyouaq aJnjonusesul
wouy syod wouy pajesausb AiaBew; abueyo alnjonJiseljul
1S910} JO UoneINaQg Sall} JO 92USPIAS ON ul s1eos ally oN U}IM pajeloosse sallj ON a4
ainjonuseyul ainjonuiseyul
sjo[d }S8.I0} WO} | Y)M PBJeIDOSSE Pajoalep UM pajeloosse
90UapIAG Yoegalq 30EQaIp JO BAIY 30BQaIp JO UoIsuedxa oN 3oeqgalg
sjold Kanuns Buunp ainjonuiseuyul
uonelausabal ul pa1ed0| suonejsajul UM paJelooSSE seale
spaam Jo Ayjuap| ul spaam Jo Ayjuap| paam jo uoisuedxa oN
SJanoAl ainjonyiseul
sjoid uonelssusbal ul suolje)sSajul paam UHM pajeroosse
Uo SPaaMm JO JSA0D O eaJE pUB JAqUINN Spaam Jo saloads mau oN Spas\
sal|1oe}
Sy ewyouaq pue speos ‘\\OY Sy ewyouaq
wouy sjoid Jo abpa Jo siajew 00| mojaq apeibep B} PUE SpEoJ pue speos ‘M\OY
1$910} JO uoneInaQg UIY}IM JOA0D }S104 J0U [|IM }S104 ‘MOHY 0} 1xau jeyqey ||y 0} }xau sabpa )salo4
(p.3uo2) uonelIrag BWOH 3y} uo S19)3N 008} dA0Qe }sa104 apnjiyje-ybiH W
paiojiuoly aq ~
S VINd ¥ VINd € VINd ¢ VINd I VINd leoo Ayisianipolg o} sjabue) Aysianpolg «9NjeA

(puod) swaysAsosa Aytoud jo Buliojiuo 2’6V 2lqel



(Buioos

|ensiA Jo Aydeiboapia
woJ}) paginisipun
Bulurewsal pNOY

0] }xau )salo} dwems

1salo0) dwems

sol)l|ioey
pue AA\OY 03 1Xau

snuepued Jo ealy snuepued Jo ealy pagJnisip 10N }sa10) dwems snuepued
J9)e| paubisag J8)e| paubisaq J9)e| paubisaQg
- Aluo Janry ereg - Aluo Janry eleg - Aluo Janry ereg 10B}UI NS S9Ip0q Jajem Janu JO
J9)e| paubisag J9)e| paubisaq J9)e| paubisag sadeospue| s|gejsun
- Ajuo JaAly eleg - Ajuo 1anry eleg - A|uo JaAly elegq 108Ul |I1S ul sebnjes weans

(Bunioos

|ensiA Jo Aydeiboapin
wouJ}) uonessuabal

10} S8N|eA Ylewyouaq
e sBuIss0ud JO Jusdiad

sweau}s pueldn
$9SS0.9 }l a19ym ANOY
uo punoib uado jo ealy

Aljewuou Bunessusbay

saljljioe) pue \\OY
0} }xau sweaJjs puejdn

}Jewyouaq wo.y
sjo|d uonessuabal

(Bunoos |ensiA

10 Aydeisboapia wouy)
1s040) dwems sasso.Io
J 3ldym MOy uo

}salo} dwems
$9SS0J0 }| d19UM MOY

JO uoneinaqg punolb uado jo Juadiad uo punoub uado jo ealy Aljewuou Bunelssusbay 1s040) dwemg
(Bunoos
|ensia Jo AydesBoaspin
wouJ}) uonelausbal
10} SanjeA ylewyouaq Buissoto yoea
1e sBuissouo O Jusdiad 1e punoub aJeq jo ealy Ajlewlou Buijessuabay sBuISS040 JaALl puB|MOT]
(Buloos |ensia 1o
Aydeibospia wouy) MOY
0] }xau sdwems ajoyyuIs
ul uonejaban onenbe J91eM YlIm paj|i pue
pue Jajem uado Jo ealy pajejabon ||is sdwems
aouequnisip
10 subis Buimoys pNOY aouequnisip sanjoe}
0] JX8U SBABD JO JUd2I9d 9ABD JO 92UBPIAS ON pue MOY 01 1Xau sane)
S VINd ¥ VINd € VINd ¢ VINd l VINd leoo Aysianiporg jejiqeH |edood

sje}igey [e20} jo Burioyuop

€6V alqel

108

BIODIVERSITY STRATEGY




PNG LNG

Port Moresby - Project Headquarters
Esso Highlands Limited

Level 5, Credit House, Cuthbertson Street
GPO Box 118

Port Moresby NCD
Papua New Guinea

Email: miles.j.shaw@exxonmobil.com

Ex¢onMobil

PNG LNG is operated by a subsidiary of
Exxon Mobil Corporation in co-venture with:

D

OIL SEARCH LIMITED

Kroton No. 2 Limited

Santos

We have the energy.

&x

JX Nippon Oil & Gas Exploration
‘.
EDA Ol

bl ]
o
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