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1 INTRODUCTION

1.1 PROJECT TITLE

The Project covers existing offshore oil and gas production facilities located in the Gulf of Kavala,
North Aegean Sea, Greece, planned extensions to these, as well as potential further
development projects currently still being studied. Existing offshore facilities have been in
operation since they were developed in the period 1979 to 1981. These facilities were developed
to allow production of sour-oil and associated gas from the Prinos field and sweet-gas from the
South Kavala field. They were later extended to enable the Prinos North field to be developed.
Produced hydrocarbons are partly treated offshore before being transported to shore for full
treatment to sales specifications. Transportation is via two submarine pipelines that have been
in operation since 1981. The fields and associated licenses are owned by Energean Oil and Gas
S.A. and operated by its subsidiary Kavala Oil. The Project Owner for the planned extension is
Energean Oil and Gas S.A.

This document is the Environmental and Social Impact Assessment (ESIA) for the Project. This
document has been prepared in line with existing Greek legislative requirements (reflecting as
appropriate European legislative frameworks and relevant international treaties). The Project
Owner is seeking finance for certain elements of the Project (the planned extensions defined
below) from the European Bank for Reconstruction and Development (EBRD). The ESIA has
therefore also called upon the Performance Requirements (PR’s) included in EBRD’s 2014
Environmental and Social Policy.

Existing Greek legislation and the Performance Requirements of EBRD differ to a degree in the
required approach for presenting EISA’s for offshore oil and gas facilities. The structure of this
document generally reflects the prescriptive format demanded under Greek legislation. However
the approach taken to assessing potential environmental and social impacts, the structure of key
sections (for example, those describing the Baseline and Impact Assessments) as well as the
inclusion of early stakeholder sessions at the scoping stage, have been driven by the
requirement to satisfy EBRD’s PR’s.

1.2 PROJECT OWNER

The Project Owner (operator) is the company ENERGEAN OIL & GAS (Address: 32 Kifisias
Ave., PC 151 25, Marousi, Telephone: 2108174200).
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The supervisors of this EIA, on behalf of the project owner, are:
e Dr. Steve Moore, Technical Director
e Mr. Vasilis Tsetoglou, HSE Manager

Energean is a private oil and gas Exploration and Production (E&P) company focused on
Greece, the wider Adriatic and North Africa, with five licenses in Greece and the Mediterranean.
Energean is the only oil & gas producer in Greece with a track record of over 35 years as an
offshore and onshore operator of oil & gas assets.

In December 2007, Energean acquired the majority shareholding of Kavala Oil, which held 100%
interest in the Prinos Concession Agreement. Kavala Oil has been engaged in offshore
exploration activities in the Gulf of Kavala since 1999, when it took over operations from the
NAPC consortium, which discovered and developed the Prinos field in the early 1980. The full
project history of the concession is reported analytically by the aforementioned description of the
concession agreements.

1.3 PROJECT TYPE AND SIZE

The extent of the current ESIA is significantly broader than the planned facility extension project
that is the subject of funding by the EBRD. The ESIA has been prepared to cover not only these
planned extensions, but also all of the existing offshore assets that have been in operation since
1981, as well as potential future extensions that Energean Oil and Gas S.A. is studying, but has
not yet committed to implement. Onshore facilities used to treat fluids produced offshore are not
included, although they have been described in an attachment, as per EBRD requirements.

For the sake of clarity the following sub-division of assets and projects has been defined. These
definitions also provide an explanation as to why they have been included in the current
assessment.

1.3.1 Planned extension project

The planned extension project is the work scope that is to be funded by EBRD. This comprises:

e The re-entry of nine (9) existing wells on the Prinos Alpha platform and the sidetracking
of these to new bottom-hole locations in the Prinos field. These wells target undrained
pools of oil in the A, B and C reservoir units.

e The re-entry of one (1) existing Prinos North extended reach well located on the Prinos
Alpha platform, with the objective of side tracking it up dip of the existing bottom hole
location to allow attic oil reserves to be drained.

e The design, fabrication, installation, commissioning and subsequent operation of a new
well-head jacket platform (called “Lamda”) approximately 3.5 km’s north west of the
existing Prinos platforms. The Lamda platform will host between 5 and 9 wells that will
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be drilled into and produce from the Epsilon field. This platform has been designed to
be normally unmanned. All produced fluids are transported to the Prinos Delta platform
where existing equipment is used to separate oil, water and gas

e Three (3) sub-marine pipelines that connect Lamda to Prinos Delta. These comprise
one 10” pipeline to carry multi-phase well fluids from Lamda to Delta, and two 6”
pipelines to carry injection water and lift gas respectively from Prinos Delta to Epsilon

e Between 5 and 9 new wells to be drilled from the Lamda platform into the Epsilon field.
These wells will initially be completed as producers with between 2 to 4 being converted
after approximately 18 months to water injectors. The range of well numbers planned
reflects the uncertainty in recoverable reserves. The designed platform is equipped with
15 slots.

Energean Oil and Gas S.A. commenced this project in late 2014 when it purchased and
renovated the Energean Force drilling rig that will be used to undertake all sidetracks and new
wells. Sidetracks commenced in September 2015. Currently (early February 2016) the Company
is approximately 50% complete with the second of the planned nine (9) Prinos Alpha side tracks.

1.3.2 Potential further development project

Energean is currently studying an additional development project that would be implemented
following successful completion of the planned extension project defined above. This project
would introduce a second new wellhead jacket (identical to Lamda). This platform (‘Omicron’)
would be located between the Prinos North and Prinos reservoirs and used to further develop
Prinos North in addition to the Kazaviti discovery. Kazaviti will be appraised by the 3™ planned
Prinos Alpha sidetrack (well PA-36), allowing a decision to be made on the viability of this
potential project subsequently.

Details of the Omicron project and associated wells are included in the ESIA. This project is not
currently included in the EBRD finance package. It is covered in the ESIA because Energean
Oil and Gas S.A. wishes environmental permits issued by the Greek government to cover this
scope.

Also in this additional project would be a campaign to sidetrack up to 5 of the current Prinos Beta
wells to new bottom hole locations.

1.3.3 Existing facilities

The existing offshore facilities are presented in detail and the environmental and social impacts
associated with them fully assessed even though they remain fundamentally unchanged by
either the planned or potential further development projects defined above. For minor extensions
such as those planned it would not be normal to reassess facilities that have been operating for
35 years and which are covered by valid environmental permits, in such detail. They have been
included in the ESIA at the request of the Greek government. After consultation the government
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has advised that it wishes to grant a new environmental permit which covers all offshore facilities
rather than; i) grant a new permit to cover only the new facilities or, ii) to extend the existing
permits to cover the new facilities. As a new permit is to be issued it has requested Energean to
prepare a new ESIA for the entire offshore area. This ESIA should also reflect the requirements
of the European Offshore Directive, which has yet to be transposed into the Greek legal
framework.

With respect to Greek legislation there is no requirement for Energean to include side-tracks of
existing wells in the ESIA. These activities are considered operational activities performed on
existing wells and hence are covered by existing operational permits. They are included in the
ESIA as they form part of the planned extension project to be funded by EBRD. The Greek
government considers side tracks as work over activities.

All of the existing facilities have been designed and permitted at an earlier date at throughputs
and capacities exceeding those which will be achieved by execution of the planned or the
planned plus potential developments. Prinos facilities have been designed for a notional oil
throughput of 27,000 bopd. They are currently processing just 3,000 bopd. Expected P50
production rates following the defined projects are tabulated below.

For the avoidance of doubt the existing facilities described are:

e The Kappa platform located on the sweet, non-associated gas field South Kavala

e The 6” pipeline that transports sweet gas and condensate from South Kavala to Prinos
Delta

e The 12-slot production jackets Prinos Alpha and Prinos Beta which form part of the
bridge linked Prinos complex

e The Prinos Delta platform that contains all offshore processing facilities and which
receives oil, gas, water and condensate produced from Prinos, Prinos North and South
Kavala fields. Prinos Delta is bridge linked to Prinos Alpha and Prinos Beta as well as
the Prinos flare jacket. New risers will be added to Prinos Delta to allow it to receive
fluids from Lamda (and potentially Omicron) and send lift gas and water for injection to
Lamda.

e The Prinos flare jacket

e A 12" dry-gas pipeline connecting Prinos Delta to the onshore facilities

e An 8” oil pipeline connecting Prinos Delta to the onshore facilities

e A 5.3 pipeline that transfers seet dry lift gas from the onshore facilities to Prinos Delta

e Two 10kVa submarine power cables that transport electricity from the onshore facility to
Prinos Delta
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1.3.4 Current and planned oil and gas production

Current and planned oil and gas production are presented in the table below:
Table 1-1: Prinos field production

Quantity

Peak planned

Current Peak planned Peak planned .
. . . production
production production production . .
Type of : o . . following potential
Design (from existing following following .
product : o : . Prinos Beta
capacity facilities, Prinos / Prinos Alpha development of sidetracks and
South Kavala sidetracks (P50 Epsilon field !
. Omicron platform
fields) forecast) (P50 forecast)
(P50 forecast)
Stabilised
crude oll
27,000 3,000 10,000 14,000 20,000
(barrels or
bbls/day)
Sour gas
export (cubic
333,000 40,000 110,000 156,000 175,000
meters or
Nm?3/d)
Sulphur
(megatons or 478 40 98 86 115
MT/day)
Condensates
(cubic
265 40 105 115 150
meters or
mé/d

1.4 GEOGRAPHIC LOCATION AND ADMINISTRATIVE
DEPENDENCE OF THE PROJECT

1.4.1 Location

The Prinos facilities and overall development area are located offshore in the Gulf of Kavala, 8
km west of island of Thasos and 18 km south from the main coastline of Kavala. The Gulf of
Kavala is part of the Thracian Sea and falls within North East Aegean as presented below.
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Map 1-1: Location of the Prinos development area in the Gulf of Kavala.

Existing and new proposed facilities are presented in the map below.
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1.4.2 Administrative dependence of the project

The proposed and existing facilities are located in the East Macedonia and Thrace region, in the
southern coastal part of the Regional Unit of Kavala, near the limits of Municipalities of Kavala
(on the North), Pangaio (on the North-NorthWest), Nestos (on the North-NorthEast) and Thasos
(on the East-SouthEast), following the L.3852/2010 (A’ 87) “Kallikratis” Programme.
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Associated onshore facilities (Sigma plant) in particular fall within the Municipality of Kavala
bordering with Municipality of Nestos.

1.4.3 Geographical coordinates of the project

The coordinates of the concession area are given in the relevant agreements as ratified by the
Greek Parliament. The project in discussion as described above is included within those areas.
In the following table the coordinates in two coordinate systems (WGS 84 and WGS 84 UTM 35
North) of the platforms are presented (center point of platforms):

Table 1-2: Coordinates for existing and planned platforms (WGS 84)

Platform Lat Long
Existing

Delta 24° 29'50.40"E 40° 47' 54.92"N

Alpha 24° 29' 49.62"E 40° 47' 57.62"N

Beta 24° 29' 54 41"E 40° 47' 55.36"N

Kappa 24° 26' 34.95"E 40° 42' 03.74"N
Planned

Lamda 24° 27" 12.97"E 40° 48' 33.55"N

Omikron 24°29'4517"E 40° 49' 06.71"N

Table 1-3: Coordinates for existing and planned platforms (WGS 84 UTM 35 North)

Platform Lat Long
Existing
Delta 288872.57 4519412.81
Alpha 288856.70 4519496.85
Beta 288967.00 4519423.89
Kappa 283976.50 4508715.00
Planned
Lamda 285217.68 4520710.41
Omikron 288813.30 4521630.44
SLDK
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1.5 ASSESSMENT METHODOLOGY AND RISK
MITIGATION APPROACH ADOPTED

As outlined above, the Project covered by the current ESIA is complicated by the need to
describe not only the planned extension project but the existing facilities that been operational
for 35 years. The approach that has been adopted is to include in the Base Line Assessment
impacts associated with the existing facilities. These facilities have been in permanent operation
for close to four decades. In this period the routine impacts associated with them will have over
stamped the environmental and socio-economic conditions that existed before their
development.

The potential impact of the described extension projects (planned and potential elements
together) is then quantified. These extensions are broken into two phases, namely 1) the
construction period associated with the installation of the new platform(s) and 2) the operational
phase following installation when the new and existing facilities combine to form a new overall
production system. The impact of drilling operations (both side-tracks of existing wells and new
wells drilled from top-hole) is included in the operational phase assessment. Drilling has already
commenced on the Alpha platform and will continue whilst the new platform(s) are constructed
and installed as well as after they are in place. As new potential projects are identified and
approved drilling operations could continue for many years. Hence it was considered more
logical to overlay the impacts from drilling operations onto facility operations rather than consider
them within the platform construction phase, which has a very limited duration (with well defined
start and stop points).

As outlined in the section where the existing and planned facility extensions are described in
detail, it is clear the new facilities represent a very minor cumulative addition to the overall
operational complexity of the area. Environmental and Socio-economic impacts of the existing
facilities have been managed successfully over the last 35 years by a system of controls
implemented by Kavala Oil staff. The ESIA examines these controls to determine whether they
are sufficient to manage the increased complexity as well as any new hazards introduced by the
planned and potential extensions. Plans to extend established control systems to mitigate risk
from the additional facilities are described where such extensions are necessary. New
mitigations are similarly outlined.

Energean has consciously built into the design of the extension facilities specific features that
help mitigate risks both in the construction and operational phases of the project. A novel sub-
structure design has been adopted. This allows the total platform to be assembled onshore in a
location designed for such industrial activities. As a result the installation time offshore is reduced
from 6 to 8 weeks to a mater of days. The size of the installation fleet is similarly reduced. The
need for permanent offshore manning is avoided. Clearly environmental risk during construction
is driven by the extent of the marine fleet required. Another benefit of the selected design is the
significant reduction in offshore noise. Energean has selected to use suction piles rather than
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conventionally driven piles to hold the new structure in place. This avoids weeks of pile driving
activities and the associated noise.

The selected design also provides risk reduction benefits in the operational phase. The topside
facilities and sub-marine pipelines have all been designed to withstand the maximum closed in
pressure of the wells. This means that when operating at normal conditions the corrosion
allowance available is significantly increased. This reduces the calculated frequency of losses
of integrity and hence introduction of hydrocarbons into the environment. In addition this
conservative approach has also removed the need for a permanently lit flare on the new
platforms. Flares clearly introduce significant environmental impact. They are a source of
continuous emissions and light pollution. They also represent a significant leak path to introduce
liquid hydrocarbons into the environment if process systems fail. The planned and potential new
facilities do not need a flare due to the conservative approach taken to rating of process pipework
and the avoidance of vessels.

Energean has also selected to link the new facilities to the Delta complex by submarine power
cables rather than equip them with diesel powered generators. The selected approach increases
initial capex but reduces emissions by allowing efficiently generated power from the public
network to be employed rather than lower efficiency locally generated electricity. This approach
also reduces noise and local emissions and avoids the need to transfer diesel onto the satellites.

The new facilities have been designed to be unmanned, with control achieved from Delta. Visits
will be limited to 2 per week, rather than 3 per day as at the existing facilities. This reduces
marine traffic and hence associated environmental impacts. Clearly it also removes the need for
additional employment with corresponding negative socio-economic consequences.

The analysis performed in the ESIA has demonstrated that the routine risks associated with the
new facilities can be managed at a level that is as low as reasonably practical (ALARP). The
most significant risk associated with the new facilities is that associated with potential accidental
releases. The only source of a significant spill associated with the new facilities is from a blow-
out whilst the new wells are being constructed. The frequency or consequence of other typical
leak types has been mitigated, for example:

e Carry over from the flare knock-out drum: no flare is required by design

e Rupture of topside equipment/vessels or mal operation: no vessels are included in the
main process system; topside hydrocarbon inventory is limited to 6 m3 by design. All
surface equipment is rated to 235 bar — 215 bar higher than normal operational
pressures

e Rupture of the multiphase export line from Lamda (Omicron) to Delta: line is rated to
235 bar and buried to avoid external impacts; system has been designed to allow
internal inspection; liquid volume in export line limited to approximately 50 m? by use of
small diameter and by multiphasing with produced gas

Oil spill modelling has investigated the potential consequences of significant oil spills associated
with:

e A blow out from one of the new wells being drilled on Lamda platform;
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e Aleak while loading processed crude to an oil tanker.
e Alarge diameter hole in the main export line that takes crude from Delta to Sigma

The location and size of this latter spill has been determined from an analysis of Major Hazards.
The worst case scenario is seen to be damage from a fishing trawler at the point just before the
pipeline is buried. This point is at a distance of 7 km from Delta. Beyond this point the oil line is
buried and hence safeguarded from external impacts that could lead to a large spill. Corrosion
related damage in the buried section would result in small leaks that would be detected
immediately during routine inspection activities. As the Gulf of Kavala is flat calm for about 40%
of the time (summer and winter) detecting minor sheens is very easy and rapid. Shallow depths
allow repairs to be affected with routine diving operations that are on call 24 hrs per day.

The Gulf of Kavala benefits from benign weather conditions that largely mitigate the
consequences of significant oil spills. Wind speeds are below a “light breeze” for 35% of the
time in December and 49% of the time in June. Hence for most of the year a leak, as modelled,
moves very slowly. Strong winds (above “strong breeze”) occur for only 1.25% of the time. All
such periods are in the winter months. Average wind speeds in directions that could carry oil to
shore are between 2.1 and 4.0 m/s in the winter and 2.4 and 3.4 m/s in the summer. These light
onshore winds blow for around 25% of the time. Stronger offshore winds (5 to 7.5 m/s on
average) dominate for the rest of the period. Winds to the nearest land fall (the tourist beaches
on the islands of Thasos) blow for less than 7% of the time and average 2.2 m/s year round.
Energean holds oil spill response equipment which can be mobilised to site in 3 hours maximum
due to the near shore location. The calm conditions and low winds make booming and skimming
activities very effective.

To keep the number of scenarios to a manageable level the areas of particular sensitivity need
to be identified and scenarios that look at how these areas could be impacted defined. In this
framework the following locations have been defined:

e The coast between Nea Peramos and Nea Karvali — this coast line contains the historic
port of Kavala, a number of tourist beaches (to the west and east of Kavala), the
commercial port at Fillipos, small industrial based marine facilities (Fertiliser plant,
Sigma water intake and loading buoys, Refined product intake buoys).

e The coast between the Sigma plant and the mouth of the delta of the Nestos river — this
coast falls under numerous protection provisions (part of Natura 2000, SPA, National
park, Ramsar wetlands, IBA). Moreover, it holds a number of small-scale fish farming
enterprises. The impact on this coastline would be most significant from the late spring
through to the end of summer.

e The north and North West coast of the island of Thasos - Thasos is a major tourist
destination. Whilst many of the main beaches are on the east and south of the island
there are a number of popular tourist locations on the coast immediately adjacent to
Energean’s offshore facilities (Rachoni, Prinos, Kalarachi etc.).

‘enr
T
oo x

z
a

coee

&
&
[

Page | 1-13



, ENVIRONMENTAL & SOCIAL IMPACT ASSESSMENT (ESIA) FOR
ENERGEAN PRINOS OFFSHORE DEVELOPMENT PROJECT
OlL

& GAS

1.6 PROJECT ENVIRONMENTAL PERMITTING AND
SCREENING

All Prinos field facilities and operations have undergone a series of environmental licensing and
permit dating back in 1997. In more detail:

e The current productive offshore facilities were first licensed with IMD 80994/07-02-2002
issuing environmental terms for the project till 31.12.2010. This Decision was renewed
and modified under Decision 46781/1283/12-08-2013 from General Director of
Environment and is valid till 12.08.2023;

e The exploration drilling programme of KAVALA OIL was granted an environmental
permit with IMD 108879/27.10.2006 that was further renewed with IMD 68098/1880/10-
12-2013 until 10-12-2023;

e The onshore facilities were first licensed with Decision 31218/19.09.1997 signed by
General Director of Ministry of Environment, Urban Planning and Public Works (ex
Ministry of Environment, Climate Change and Energy) and General Director of Ministry
of Development; it is noted that this decision was issued for North Aegean Petroleum
Co EPE!. Following the issuance of Law 2779/99 (ratification of the Agreement 2779/99
between the Greek State and KAVALA OIL S.A.?) in 1999, Decision 47628/11.10.2000
modified environmental terms (Decision 31218) regarding the company’s trade name.
In 2003, the project’s environmental terms were renewed - modified with Decision
96213/80994/07.02.2003. Finally, in 2013 with Ministerial Decision 213450/05-12-2013
signed by YPEKA, environmental terms governing onshore project were modified and
renewed for ten (10) years viz till 05-12-2023.

As noted in other parts of the document, the onshore facilities are not included in the
scope of work of the present ESIA.

According to Ministerial Decision 1958/13-01-2012 “Classification of public and private works fall
into categories and subcategories. In accordance with Article 1(4) of Law 4014/2011” the Project
belongs to Group 5 “Mining and similar activities”, Serial Number 7 “Pumping of hydrocarbons
and exploratory drilling in search of hydrocarbons” and is included in Subcategory A1 since all
works of this activity belong to this subcategory.

Category Al, classifies the projects that may have significant effect to the environment, and
therefore:

e A detailed Environmental Impact Statement (EIS or EIA) is required as per the
specifications set out by JIMD 170225/2014 (Annex 2);

e The competent authority that issues the permit is the Ministry of Environment and
Energy (YPEN) and particularly Department of Environmental Licensing (DIPA) as per

1 North Aegean Petroleum Co EPE was founded on December 1976 as operator for the project’s activities
in Greece.

2 KAVALA OIL S.A. was comprised of two companies: EUROTECH SERVICES (sharing 67%) and the
ASSOCIATION OF EMPLOYEES (sharing 33%).
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L.4014/2011;

e An Al project permitting procedure is set out in Article 3 of L.4014/2014;

e The consultation authorities during the EIS process are predefined in JMD 1649
/45/2014.

The environmental permitting procedure for the Project is defined by the Law 4014/2011 as
described below. The contents and the level of detail of the Environmental Impact Assessment
study are set out in the Joint Ministerial Decision (JMD) 170225/2014 depending on the Project’s
classification. This process and the requirements for EIA are aligned with the EU EIA Directive,
which has been transposed into Greek legislation.

The EIA process:

e Impact Assessment: the applicant shall provide an EIA of the project to the Ministry of
Environment and Energy (YPEN), Directorate of Environmental Permitting (DIPA);

e Check for Completeness: DIPA/YPEN will check the EIA for completeness and may
request additional information, prior to distributing for consultation;

e Statutory Consultation: opinion/response from the Central Authorities or other
competent Ministries, Regional Authorities and various organizations (the consultees
are predefined by the IMD 1649/45/2014 for each project type and category);

e Public Consultation: the project is presented to the Regional Council during an open
hearing where people can express their views

e Decision on Approval of Environmental Conditions: DIPA/YPEN will consider the results
of the consultation (statutory and public) and will issue its decision, co-signed by other
competent Ministries

e Publication of Decision: publication of the decision through the relative Regional Council.

Following consultation with the Greek authorities, it has been agreed that the EIA will be
prepared so as to also cover the operation of the existing facilities in the Prinos offshore area
since the operations of the new and old offshore facilities will be operationally interlinked.

For completeness, the facilities associated with the depleted South Kavala gas field are included,
although these are not linked to the planned new facilities; South Kavala facilities are connected
to the existing Delta platform. Although depleted, gas is produced intermittently and Energean
is looking at methods to further increase gas and condensate production whilst the Greek
authorities formalize plans for converting this field into a strategic gas storage project.

The onshore facilities are covered by a detailed Environmental Impact Assessment, which was
renewed and reapproved by the Greek authorities in 2013, (213450/5/12/2013, General
Secretariat of Environment, YPEKA — currently YPEN). The existing offshore facilities are also
covered by an EIA, which was renewed and reapproved by the Greek authorities in 2013
(46781/12/8/2013).

Appropriate Assessment is mandatory if a development extends into a Natura 2000 area and
this assessment usually takes the form of a Special Ecological Study in Greece. The Special
Ecological Study considers the potential impacts of a project on a Natura 2000 area (Article 6 of
Directive 92/43/EEC — the Habitats Directive). Specifically, it takes into account the conservation
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objectives of the protected area, focuses on the consequences of the project under licensing in
the area, and examines whether the integrity of this region is compromised. None of the
proposed facilities extend into a Natura 2000 area. One of the existing pipelines to shore does
cross a Natura 2000 area and therefore a Special Ecology Survey has been undertaken.

The European Bank of Reconstruction and Development (EBRD) is currently considering
providing financing for the Project and therefore the EIA has taken into consideration the EBRD's
environmental and social requirements. These are the EBRD's Performance Requirements (PR)
which form part of the EBRD's Environmental and Social Policy of 2014. As per the Policy, the
Project is categorised as A and requires a full Environmental and Social Impact Assessment and
disclosure thereof for a minimum of 60 days prior to a financing decision. Rather than producing
separate EIA documents, one for permitting and one for financing, the Project has produced an
ESIA that serves both purposes and which is supported by various additional documents which
together form the ESIA disclosure package. Similarly the Project will combine permitting and
financing disclosure requirements. The biggest difference between a permitting EIA in the EU
and an ESIA to EBRD standards is a more detailed consideration of social issues in addition to
environmental issues. Furthermore the EBRD requires engagement with stakeholders as early
in the ESIA process as possible.

1.7 PROJECT ENVIRONMENTAL CONSULTANT

This ESIA was prepared by LDK Engineering Consultants S.A., holder of an Advisory Committee
on Designs (GEM) Degree 27 “Environmental Studies”.

The following team participated in the preparation of this assessment:

Background, expertise _Position |

Costis ) ) Head of LDK Environment, principal,
) Environmental engineer, MSc ) .
Nicolopoulos project director
o Chemical engineer, MSc, o
Evie Litou Principal ESIA / process consultant

AIEMA
Environmental Engineer, MSc

Senior ESIA consultant
Senior ESIA / O&G / social /
stakeholder engagement consultant

Foteini Tsafou

Thomas Kollias Environmental Scientist, MSc

Environmental Engineer, GIS

Eleni Avramidi Senior ESIA/GIS consultant

Evaggelakopoulou

Environmental Engineer, MSc

Analyst
Xenofontas ) . .
Environmental Engineer, MSc | Senior ESIA consultant
Bakouras
Aliki Panou Marine Biologist Senior marine mammal consultant
Dimitra Junior ESIA/ O&G/ social /

stakeholder engagement consultant

Eleni Giamakidou

Geography, Nature

Junior ESIA, ecology consultant
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Background, expertise
Management, MSc
The following scientists - associates participated as associate experts:

Background, expertise

Prof. Dr. Nikolas
Markatos

Chemical engineer, PhD, NTUA

Principal risk / safety expert

Prof. Andreas
Boudouvis

Chemical engineer, NTUA

Principal risk, scientific coordinator

Dr Michalis
Christolis

Civil engineer, DEA, NTUA

Principal risk / safety expert

Dr. Despoina

Chemical engineer, PhD

Computational modeling expert

Lymberopoulou

PhD

Karadimou
Dr loannis ) . — .
Chemical engineer, NTUA, PhD | Principal risk / safety expert
Andreou
Dr. Theopisti Chemist, chemical engineering, | Principal pollution assessment /

laboratory analysis

Prof. Artemis
Nikolaidou

Marine biologist, UoA

Principal marine biologist expert

Sergio Carlos
Garcia Gomez

Benthic ecologist

Senior marine invertebrate biologist
expert

Elizabeth Arevalo

Marine biologist

Field expert — laboratory analysis /

Aravantinos

Marine biologist

Corillo species identification
Aglaia Legaki Marine biologist Field expert
Spyros Field expert — laboratory analysis /

species identification

Kalliopi Sigala Marine biologist Ecological quality analysis
Dimitris ) ) ) Senior marine biologist — special
o Marine biologist )
Poursanidis ecological study
) o ) ) Ornithologist expert — special
Jacob Fric Physicist, bird ecologist

ecological study

Kostas Mylonakis

Diver

Ecotopes / species cartography,
documentation (underwater photo
log, video)

Moreover Environmental Resource Management (ERM Ltd) has also been engaged providing
high overview and advisory services in order to align the requirements towards the Greek State
and the EBRD requirements, as well as bringing international offshore O&G experience to the
present ESIA team.

The following ERM team participated in the preparation of this assessment:

Background, expertise
Nicola Lee Environmental assessment & Partner, project director
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Background, expertise

management MSc

Elena Partner, social/stakeholder

) Geography MSc

Amirkhanova engagement expert
Environmental impact Principal ESIA Consultant, impact

Roderick Ellison assessment MSc BSc CEnv assessment/mitigation/ESMMPs
MIEMA expert

Shana Westfall Chemical engineer Senior ESIA Consultant

Esmeralda Sociologist, urban policy & Senior consultant, impact

Francisco planning MSc assessment & planning

In addition, ERM has been the appointed consultant for matters related to the Directive
2013/30/EU (safety of offshore oil and gas operations) and, in particular, for the results of the
major accidents prevention studies and plans, the responsibility for the preparation of the studies
and plans.

The following team participated in the preparation of this assessment:

Background, expertise

‘ Rob Steer ‘ Risk and safety expert ‘ Partner ‘

Mechanical engineer MEng,
MBA

David Caine Senior Consultant
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2 EXECUTIVE SUMMARY

2.1 INTRODUCTION

The Project covers existing offshore oil and gas production facilities located in the Gulf of Kavala,
North Aegean Sea, Greece, planned extensions to these, as well as potential further
development projects currently still being studied. Oil and gas were first discovered in the Prinos
basin in the mid 1970’s. Existing offshore facilities have been in operation since they were
developed in the period 1979 to 1981. These facilities were developed to allow production of
sour-oil and associated gas from the Prinos field and sweet-gas from the South Kavala field.
They were later extended to enable the Prinos North field to be developed. Produced
hydrocarbons are partly treated offshore before being transported to shore for full treatment to
sales specifications. Transportation is via two submarine pipelines that have been in operation
since 1981.

The fields and associated licenses are owned by Energean Oil and Gas S.A. and operated by
its subsidiary Kavala Oil. The Project Owner for the planned extension is Energean Oil and Gas
S.A.

Current recovery from the Prinos field is a little less than 40% of the original hydrocarbons in
place. South Kavala is 90% depleted. A number of smaller accumulations were discovered
during the exploration phase, but only one of these — Prinos North — has been partly developed
to date. Energean acquired the Prinos assets in 2007 and has executed a re-development
programme whilst appraising the remaining potential of the Prinos field and its immediate
satellite fields (Epsilon and Prinos North). As a result of this work, Energean is now planning to
increase oil production from the Prinos area through further development of existing fields and
the installation of new facilities and wells.

To achieve this, the Company has purchased and refurbished a 2,000 horse power tender
assisted drilling rig (hamed ‘Energean Force’), which embarked September 2015 on a 10-well
programme from the existing Prinos Alpha platform to side track existing wells to new bottom-
hole locations. Nine of these wells are associated with the Prinos field and one the Prinos North
field. This operational work falls under current permits and approvals already granted by the
Greek authorities.

The extent of the current ESIA is significantly broader than the planned facility extension project
that is the subject of funding by the EBRD. The ESIA has been prepared to cover not only these
planned extensions, but also all of the existing offshore assets that have been in operation since
1981, as well as potential future extensions that Energean is studying, but has not yet committed
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to implement. Onshore facilities used to treat fluids produced offshore are not included.

2.1.1 Assessment methodology and risk mitigation approach
adopted

As outlined above, the Project covered by the current ESIA is complicated by the need to
describe not only the planned extension project but the existing facilities that been operational
for 35 years. The approach that has been adopted is to include in the Base Line Assessment
impacts associated with the existing facilities. These facilities have been in permanent operation
for close to four decades. In this period the routine impacts associated with them will have over
stamped the environmental and socio-economic conditions that existed before their
development.

The potential impact of the described extension projects (planned and potential elements
together) is then quantified. These extensions are broken into two phases, namely 1) the
construction period associated with the installation of the new platform(s) and 2) the operational
phase following installation when the new and existing facilities combine to form a new overall
production system. The impact of drilling operations (both side-tracks of existing wells and new
wells drilled from top-hole) is included in the operational phase assessment.

As outlined in the section where the existing and planned facility extensions are described in
detail, it is clear the new facilities represent a very minor cumulative addition to the overall
operational complexity of the area. Environmental and Socio-economic impacts of the existing
facilities have been managed successfully over the last 35 years by a system of controls
implemented by Kavala Oil staff. The ESIA examines these controls to determine whether they
are sufficient to manage the increased complexity as well as any new hazards introduced by the
planned and potential extensions. Plans to extend established control systems to mitigate risk
from the additional facilities are described where such extensions are necessary. New
mitigations are similarly outlined.

Energean has consciously built into the design of the extension facilities specific features that
help mitigate risks both in the construction and operational phases of the project.

The analysis performed in the ESIA has demonstrated that the routine risks associated with the
new facilities can be managed at a level that is as low as reasonably practical (ALARP). The
most significant risk associated with the new facilities is that associated with potential accidental
releases.

2.1.2 Environmental permitting roadmap

According to Joint Ministerial Decision 1958/13-01-2012 on the classification of projects and
activities, the Project falls into Group 5 “Mining and similar activities”, Serial Number 7 “Pumping
of hydrocarbons and exploratory drilling in search of hydrocarbons” and is classified as
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Subcategory Al and requires an Environmental Impact Assessment. The environmental
permitting procedure for the Project is defined by the Law 4014/2011. The contents and the level
of detail of the Environmental Impact Assessment Study are set out in the Joint Ministerial
Decision (JMD) 170225/2014 depending on the Project’s classification. This process and the
requirements for EIA are aligned with the EU EIA Directive, Following consultation with the Greek
authorities, it has been agreed that this ESIA will be prepared so as to also cover the operation
of the existing facilities in the Prinos offshore area since the operations of the new and old
offshore facilities will be operationally interlinked.

For completeness, the facilities associated with the depleted South Kavala gas field are included,
although these are not linked to the planned new facilities; South Kavala facilities are connected
to the existing Delta platform in Prinos Complex. Although depleted, gas is produced
intermittently and Energean is looking at methods to further increase gas and condensate
production whilst the Greek authorities formalize plans for converting this field into a strategic
gas storage project. The onshore facilities are covered by a detailed Environmental Impact
Assessment, which was renewed and reapproved by the Greek authorities in 2013,
(213450/5/12/2013, General Secretariat of Environment, YPEKA — currently YPEN). The
existing offshore facilities are also covered by an EIA, which was renewed and reapproved by
the Greek authorities in 2013 (46781/12/8/2013).

The European Bank of Reconstruction and Development (EBRD) is currently considering
providing financing for the Project and therefore the EIA has taken into consideration the EBRD's
environmental and social requirements. These are the EBRD's Performance Requirements (PR)
which form part of the EBRD's Environmental and Social Policy of 2014. As per the Policy, the
Project is categorised as A and requires a full Environmental and Social Impact Assessment and
disclosure thereof for a minimum of 60 days prior to a financing decision. Rather than producing
separate EIA documents, one for permitting and one for financing, the Project has produced an
ESIA that serves both purposes and which is supported by various additional documents which
together form the ESIA disclosure package. Similarly the Project will combine permitting and
financing disclosure requirements. The biggest difference between a permitting EIA in the EU
and an ESIA to EBRD standards is a more detailed consideration of social issues in addition to
environmental issues. Furthermore the EBRD requires engagement with stakeholders as early
in the ESIA process as possible.

2.2 PROJECT DESCRIPTION

The Project covered by the current ESIA is sub-divided into three discrete sub-elements, namely:

e Existing offshore facilities: will remain fundamentally unchanged during the Project.
Minor modifications will be applied to the Prinos Delta platform to allow the planned and
potential new platforms to be tied into existing process facilities. The existing facilities
include the following components:
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= The Kappa platform located on the sweet, non-associated gas field South Kavala

= The 6” pipeline that transports sweet gas and condensate from South Kavala to
Prinos Delta

= The 12-slot production jackets Prinos Alpha and Prinos Beta which form part of the
bridge linked Prinos complex

= The Prinos Delta platform that contains all offshore processing facilities and which

receives oil, gas, water and condensate produced from Prinos, Prinos North and

South Kavala fields. Prinos Delta is bridge linked to Prinos Alpha and Prinos Beta

as well as the Prinos flare jacket. New risers will be added to Prinos Delta to allow

it to receive fluids from Lamda (and potentially Omicron) and send lift gas and water

for injection to Lamda.

The Prinos flare jacket

A 12” dry-gas pipeline connecting Prinos Delta to the onshore facilities

An 8” oil pipeline connecting Prinos Delta to the onshore facilities

48488

A 5.3” pipeline that transfers seet dry lift gas from the onshore facilities to Prinos
Delta
Two 10kVa submarine power cables that transport electricity from the onshore

4

facility to Prinos Delta.
e Planned extension project: which includes the side-tracking of 10 existing wells
located on the Prinos Alpha platform in addition to the installation of a new satellite
platform (Lamda) and the drilling from this facility between 5 and 9 new development
wells. It is this part of the Project that is subject to potential funding from the EBRD.
This includes the following:
= The re-entry of nine (9) existing wells on the Prinos Alpha platform and the
sidetracking of these to new bottom-hole locations in the Prinos field. These wells
target undrained pools of oil in the A, B and C reservoir units.

= The re-entry of one (1) existing Prinos North extended reach well located on the
Prinos Alpha platform, with the objective of side tracking it up dip of the existing
bottom hole location to allow attic oil reserves to be drained.

= The design, fabrication, installation, commissioning and subsequent operation of a
new well-head jacket platform (called “Lamda”) approximately 3.5 km’s north west
of the existing Prinos platforms. The Lamda platform will host between 5 and 9 wells
that will be drilled into and produce from the Epsilon field. This platform has been
designed to be normally unmanned. All produced fluids are transported to the
Prinos Delta platform where existing equipment is used to separate oil, water and
gas

= Three (3) sub-marine pipelines that connect Lamda to Prinos Delta. These comprise
one 10” pipeline to carry multi-phase well fluids from Lamda to Delta, and two 6”
pipelines to carry injection water and lift gas respectively from Prinos Delta to
Epsilon

= Between 5 and 9 new wells to be drilled from the Lamda platform into the Epsilon
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field. These wells will initially be completed as producers with between 2 to 4 being
converted after approximately 18 months to water injectors. The range of well
numbers planned reflects the uncertainty in recoverable reserves. The designed
platform is equipped with 15 slots.
Energean Oil and Gas S.A. commenced this project in late 2014 when it purchased and
renovated the Energean Force drilling rig that will be used to undertake all sidetracks
and new wells. Sidetracks commenced in September 2015. Currently (early February
2016) the Company is approximately 50% complete with the second of the planned nine
(9) Prinos Alpha side tracks.

e Potential further development project: which would install a second new satellite
platform to allow further development of the Prinos North and Kazawviti fields. This project
has yet to be justified and is not associated with the potential EBRD funding.
Justification would need to have as a prerequisite the successful completion of the
planned extension project defined above. This plan would entail the introduction of a
second new wellhead jacket (identical to Lamda). This platform (‘Omicron’) would be
located between the Prinos North and Prinos reservoirs and used to further develop
Prinos North in addition to the Kazaviti discovery. Kazaviti will be appraised by the 3
planned Prinos Alpha sidetrack (well PA-36), allowing a decision to be made on the
viability of this potential project subsequently.

Also in this additional project would be a campaign to sidetrack up to 5 of the current
Prinos Beta wells to new bottom hole locations.
The onshore facilities (Sigma) are not impacted by the Project or its sub-elements and it is not
included in the scope of the EISA.

The facilities have a design capacity of 27,000 barrels or bbls/day production of stabilised crude
oil. Current production from existing facilities (Prinos, South Kavala fields) reached about 3,000
bbls/day. Following the planned production through Prinos alpha sidetracks this is expected to
reach 10,000 bbls/day. The planned development of Epsilon field is expected to raise production
to 14,000 bbls/day whereas further future development could reach a peak production of 20,000
bls/day.

2.3 ALTERNATIVES FOR FUTURE DEVELOPMENTS

The alternative development options addressed by Energean in the Feasibility and Concept
stages are discussed and contrasted with the baseline option of not developing the fields at all
— the so-called “Do Nothing” option as well as alternative options were assessed against a set
of set objectives which are the following:

e Minimize potential impact on the environment;
e Ensure safety risk levels can be brought to ALARP;
e Minimise project risk — focus on simplification of interfaces during installation phase;
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e Maximise use of existing facilities, and staff resources;

e Maximise opportunities for Greek companies.
Alternative options were investigated for the planned and potential future development options
and were implemented for the following parameters:

e Field development options;

e Dirilling options;

e Platform type and installation;

e Topside facilities option and

e Pipelines options
Following analysis of all possible options and assessment against technical, financial and
environmental criteria and the aforementioned set of objectives, the most suitable options were
selected that best fit the Prinos development needs, safety and environmental requirements.

2.4 CURRENT STATE OF THE ENVIRONMENT

2.4.1 Physical Environment

The prevailing winds through the year are in a north easterly direction and the relative wind
speeds are seasonal. In the winter months (October through to April) the average wind speeds
range from 3.8m/s to 5.4m/s occurring 60%-70% of the time characterised as ‘gentle breezes’.
In the summer months (May through to September) the average wind speeds range from 3.8m/s
to 4.1m/s occurring 50-60% of the time, which are characterized as ‘light breezes’. Based on
prediction modelling results, the significant wave height at the LAMDA platform is less than 1m.
The highest waves (6.7 m) during the year are from the south despite the predominant wind
direction being the north-easterly direction. It is noted that Thassos Island provides shelter from
the southerly waves, to a greater extent for the existing platform, and this is reflected in the
higher wave heights reported for the new platform location. The tidal ranges at the study site are
relatively small.

According to the Geophysical and Geotechnical survey, the bathymetry of the Epsilon/Lamda
platform area is characterized by a plateau at the western part, as described above, with water
depth ranging from 37 to 41m and a channel (deeper part) at the eastern and northern part of
the area. The slope between these two morphological units is low to medium at the southern
part and medium at the northern part. The sediment profiles are consistent with very little sub
layering up to depths of 30m and the material is silty sand with presence of biogenic fragments.
With regards to the sediment quality and based on the surveys “Trace Metal determination and
pollution assessment” and “Polycyclic Aromatic Hydrocarbons”, the study area shows minor
metal (Fe, As, Pb, Cr, Cu, Mn, Ni, Co, Zn) enrichment except cadmium (Cd). Despite this
observed anomaly, the quality of the sediments is below baseline metal pollution with the
exception of two sites which show increasing pollution levels The conclusion is drawn based on
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the average earth crust as reference environment and is considered to be representative of the
present situation. The results of the determination of the main PAHSs in sediments indicate the
non-existence of pollution problems concerning this type of pollutant as the concentrations are
below the EU thresholds for Good Environmental Status of marine environment.

With regards to the seawater quality and based on the aforementioned two surveys, all metal
and PAHSs values were below detection or quantification limit and below the EU thresholds for
Good Environmental Status of marine environment. According to the results of the "Monitoring
Program of bathing water quality on the coast Greece in accordance to the specification set out
in the Directive 2006/7/EC”, the quality of bathing waters in the nearest to the project coastal
areas for 2014 is characterized “high” and “good”.

Regarding to the air quality, According to the recent annual report 2014 of the onshore and
offshore facilities of Energean for 2014, the measurements of the sulphur dioxide (SO:2) and
hydrogen sulphide (H2S) analysers of the Environmental Stations and the results from the 12 air
sulfation monitoring stations in the surrounding of area of Kavala and Thasos were all within the
permissible limits. The GHG emissions of the offshore facilities during 2014 were 1,684 tn CO-.
With regards to the noise environment, a limitation of 65db is enforced at the border of the facility.

2.4.2 Biotic Environment

Regarding to the plankton and according to the available desk based information, the Aegean
Sea, like the rest of the eastern Mediterranean Sea, is an area of low nutrient concentration,
plankton biomass and production. The main zooplanktophagus fish in the area is the European
anchovy (Engraulis encrasicolus) and the main zooplankton groups are Holoplankton
(Chaetognaths, Cladocerans, Appendicularians, Copepods, Doliolids, Euphausiids, Medusae,
Ostracods, Pteropods, Siphonophores) and Meroplankton (Gastropod larvae, Lamellibranchia
larvae).

With regards to the benthic communities and based on the results of the study “Benthic
communities in Prinos area”, the benthic communities in the study area are typical of the
Mediterranean in the given depths and similar to those described for the area in the past.
Moreover, there is an increased number of species and individuals in the area of the installations,
which is due to the exclusion of the area of other activities and the resulting protection of the sea
bottom. With regards to the marine habitats and according to the field survey of marine ecology,
the habitat in the area of proposed and new platforms can be characterized as “Mediterranean
communities of muddy detritic bottoms” in accordance to the EUNIS Habitat classification. This
habitat type is not characterized as “priority” habitat and is not included in the Annex | of the
Habitats Directive 92/43/EEC. Annex | contains the types of habitats whose conservation
requires the designation of special areas of conservation and some of them are defined as
"priority" habitats (in danger of disappearing). Fish species are typical to the Thracian sea and
are not under any protection status.

With regards to the marine mammals and based on the results of the seismic survey, the species
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recorded in the project area are Sperm whale, Common bottlenose dolphin, Striped dolphin and
Short-beaked common dolphin. Other species likely to be found in the project area according to
desk based information are Fin whale, Cuvier's beaked whale, Risso's dolphin, Harbour porpoise
and Mediterranean Monk Seal.

The project area is included in the network of Important Bird Areas (IBAs) identified by the
BirdLife International i.e. Specifically, the study area is part of the IBA GR 250 "Gulf of Kavala
and marine area of Thasos Island". According to the report “Important Areas for Seabirds in
Greece, LIFEO7 NAT/GR/000285 — Hellenic Ornithological Society (HOS / BirdLife Greece,
2012), this IBA has been designated for its importance for the Mediterranean Shag
(Phalacrocorax aristotelis desmarestii) and for the Yelkouan Shearwater (Puffinus yelkouan)
which are included in the Annex | of the Directive 2009/147/EC. The species mentioned in Annex
I shall be the subject of special conservation measures concerning their habitat in order to ensure
their survival and reproduction in their area of distribution. The importance of the area is further
supported by the existence of Natura areas, Ramsar site and National Park in the coastal areas
of the Kavala Gulf.

2.4.3 Manmade and Socioeconomic Environment

The primary sector constitutes the main production activity of the RU of Kavala, both in terms of
production contribution to the GDP of the REMTH and in terms of the number of persons
occupied therein. Agriculture, animal farming, fishing, aquaculture (in sea and fresh water) and
beekeeping are developing throughout the area and contribute significantly to its financial
figures. Furthermore, tourism (hotels and restaurants) in Kavala and Thasos Island, as part of
tertiary sector, contributes significantly to local GDP and employment. It is also noted that the
local community of Kavala has received substantial economic benefits over the last seven years
through exploitation of the Prinos deposits by Energean and not least the preceding 28 years of
oil and gas extraction in the RU of Kavala prior to Energean’s involvement. Over the last seven
years Energean has contributed over 40 mil. Euros in Greek government, through the payment
of taxes, royalties and VAT, and through the contributions to employee Social Security Funds
(healthcare, pension, etc). A percentage of these contributions are retroceded to the Regional
Unit (RU) of Kavala. The Company has also contributed more than 90 million euros to the local
economy in Kavala through salary payments to staff members; employment of local contractors;
procurement of goods through local suppliers; and use of local hotel, conferencing and
restaurant facilities.

With regards to the fishing, Kavala Gulf is considered a fishing ground, especially for species
such as European anchovy and sardine. One of the largest fish markets of the Mediterranean
operates in the city of Kavala, where goods are traded for domestic and international markets.
People, directly or indirectly, connected to the fisheries sector are estimated at 2,000 - 2,500.
The catch of the Kavala fleet end up in the Kavala Fish Market in order to be auctioned. There,
approximately 8,000 to 10,000 tn of fisheries are traded annually, the larger part thereof
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comprising small pelagic fishes (sardine and European anchovy). Moreover, various
aquacultures operate in the Kavala Gulf.

The density of marine traffic in the Kavala Gulf is high and the number of distinct vessels on a
daily basis and count position per square km is more than 140. Safety zones of 500 m
surrounding the existing platforms where no unauthorised vessels are permitted are designated,
whereas for the existing pipelines a safety zone 200 m is also designated on each side where
no anchoring and no trawling is permitted. Kavala Port Authority is the competent Authority for
organizing, ensuring, and monitoring the safe navigation terms in the area of the facilities.

With regards to any archaeological findings, the marine area of the Gulf of Kavala is well
investigated and there are no signs of archaeological findings that could be of any interests. The
shallow waters as well the type of the seabed do not enable the preservation of any possible
ruins, through the ages.

2.5 EMERGENCIES AND RISKS TO THE
ENVIRONMENT AND PEOPLE — QUANTITATIVE
RISK ASSESSMENT (QRA)

This section of the Environmental and Social Impact Assessment (ESIA) describes the
Quantitative Risk Assessment (QRA) studies performed to date in order to determine the level
of risk (to groups of individuals) associated with the existing and proposed new facilities.

Whilst the current QRA work was undertaken to demonstrate that individual and total facility risk
levels have been managed to ALARP as part of Energean’s work to prepare a Safety Case for
the new and existing facilities (in line with European and Greek legislation) it has also been
employed to define a number of oil spill scenarios that have subsequently been modelled
deterministically to assess potential environmental impacts.

The purpose of the QRA is to provide a numerical estimate of the level of risk to people,
associated with identified and defined Major Accidents. Risk is normally presented as IRPA
(Individual Risk Per Annum — the chance each worker has of suffering a fatal accident per year
of work) and PLL (Potential Loss of Life: the number of staff that might be killed in a defined
period). QRA provides a means to compare the derived risk levels against industry accepted
tolerability criteria and also provides a baseline against which potential risk reduction measures
can be assessed. For new facilities potential design modifications can be implemented to allow
risk levels to be reduced to a level that is demonstrated to be ALARP. For facilities already in
operation (such as the Prinos complex which this ESIA also covers), it is clearly more difficult to
implement design changes. However risk levels can be reduced, principally by introducing
enhancements to the way the facility is operated and/or the response measures to prevent
failures from escalating.

The QRA is focused on deriving an estimate of the numerical level of risk associated with the
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major accidents. According to article 2 of EU Directive 2013/30 on the Safety of Offshore Oil and

Gas Operations (currently being transposed into Member State legislation), Major Accidents are
defined as:

a.

an incident involving an explosion, fire, loss of well control, or release of oil, gas or dangerous
substances involving, or with a significant potential to cause, fatalities or serious personal
injury;

an incident leading to serious damage to the installation or connected infrastructure
involving, or with a significant potential to cause, fatalities or serious personal injury;

any other incident leading to fatalities or serious injury to five or more persons who are on
the offshore installation where the source of danger occurs or who are engaged in an

offshore oil and gas operation in connection with the installation or connected infrastructure;
or

any major environmental incident resulting from incidents referred to in points (a), (b) and
(c).

for the purposes of determining whether an incident constitutes a major accident under
points (a), (b) or (d), an installation that is normally unattended shall be considered attended.

The Major Accidents for the Prinos QRA were derived based on a review of existing Hazard

Identification (HAZID) and risk assessment studies and by review of the processes and activities.

The Major Accidents associated with the new SIP facilities are based upon the safety studies
performed during the engineering phase.

The Major Accident scenarios considered for the Prinos and Lamda/Omicron QRA can be

broadly summarised as follows:

e Release of well fluids, from the wells, during drilling, workover/intervention, production
activities. Sources include Alpha, Beta, Lamda, and Omicron platforms. These have the
potential to result in fire/explosion/toxic gas effects and/or environmental impact due to
oil spillage.

e Release of well fluids, sour gas, sour liquid or sweet gas from the production, export and
gas lift subsea pipeline infrastructure. Such releases could result in fire/toxic
gas/explosion effects (depending on the location of the release and proximity to
platforms). Pipelines containing liquid hydrocarbons have the potential to result in
environmental impact.

e Structural failure/collapse, which in addition to the immediate injury/fatality effects, could
also result in loss of hydrocarbon containment and hence environmental impacts.

e Ship collision. Impact from attendant or passing vessels have potential to cause
immediate injury/fatality effects and also result in loss of hydrocarbon containment

e Loss of control during crew boat operations. A major loss of control (e.g. capsize could
result in injury/fatalities. It is noted that personnel logistics activities are conducted by a
crew boat, helicopters are not used to support the offshore operations.

It is noted that the Individual Risk Per Annum (IRPA), for the existing facilities resides within the

“Tolerable if ALARP” region of the risk management framework.
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In addition to the potential impacts on personnel, which as explained above, are the primary
focus of the QRA, the major accidents can also affect the environment via the release of
guantities of liquid hydrocarbons to sea. The QRA process served to inform a range of credible
oil spill cases for which trajectory modelling and impact assessment has been performed.

Oil spill modelling has investigated the potential consequences of significant oil spills associated
with:

e A blow out from one of the new wells being drilled on Lamda platform;

e Aleak while loading processed crude to an oil tanker.

e Alarge diameter hole in the main export line that takes crude from Delta to Sigma
The location and size of this latter spill has been determined from an analysis of Major Hazards.
The worst case scenario is seen to be damage from a fishing trawler at the point just before the
pipeline is buried. This point is at a distance of 7 km from Delta. Beyond this point the oil line is
buried and hence safeguarded from external impacts that could lead to a large spill. Corrosion
related damage in the buried section would result in small leaks that would be detected
immediately during routine inspection activities. As the Gulf of Kavala is flat calm for about 40%
of the time (summer and winter) detecting minor sheens is very easy and rapid. Shallow depths
allow repairs to be affected with routine diving operations that are on call 24 hrs per day.

The Gulf of Kavala benefits from benign weather conditions that largely mitigate the
consequences of significant oil spills. Wind speeds are below a “light breeze” for 35% of the
time in December and 49% of the time in June. Hence for most of the year a leak, as modelled,
moves very slowly. Strong winds (above “strong breeze”) occur for only 1.25% of the time. All
such periods are in the winter months. Average wind speeds in directions that could carry oil to
shore are between 2.1 and 4.0 m/s in the winter and 2.4 and 3.4 m/s in the summer. These light
onshore winds blow for around 25% of the time. Stronger offshore winds (5 to 7.5 m/s on
average) dominate for the rest of the period. Winds to the nearest land fall (the tourist beaches
on the islands of Thasos) blow for less than 7% of the time and average 2.2 m/s year round.
Energean holds oil spill response equipment which can be mobilised to site in 3 hours maximum
due to the near shore location. The calm conditions and low winds make booming and skimming
activities very effective.

To keep the number of scenarios to a manageable level the areas of particular sensitivity need
to be identified and scenarios that look at how these areas could be impacted defined. In this
framework the following locations have been defined:

e The coast between Nea Peramos and Nea Karvali — this coast line contains the historic
port of Kavala, a number of tourist beaches (to the west and east of Kavala), the
commercial port at Fillipos, small industrial based marine facilities (Fertiliser plant,
Sigma water intake and loading buoys, Refined product intake buoys).

e The coast between the Sigma plant and the mouth of the delta of the Nestos river — this
coast falls under numerous protection provisions (part of Natura 2000, SPA, National
park, Ramsar wetlands, IBA). Moreover, it holds a number of small-scale fish farming
enterprises. The impact on this coastline would be most significant from the late spring
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through to the end of summer.

e The north and North West coast of the island of Thasos - Thasos is a major tourist
destination. Whilst many of the main beaches are on the east and south of the island
there are a number of popular tourist locations on the coast immediately adjacent to
Energean’s offshore facilities (Rachoni, Prinos, Kalarachi etc.).

A deterministic analysis of the potential impacts of worst-case oil spills from the existing and
future offshore oil facilities operated by Energean in the Gulf of Kavala has been undertaken.
These scenarios modelled a spill of 475 m3 over a 24 hour period originating from a well blow-
out on the planned new Lamda platform, a spill of 410 m3 over an 8.5 hour period originating
due to the impact of a trawling board striking and rupturing the main export line at the point just
before the line becomes buried and a spill of 64 m3 over a 2 minute period due to a failure of the
hose connection to a tanker being loaded with crude at the tanker loading point.

Energean has developed structured controls that create “barriers” to both prevent incidents such
as these from occurring and if such incidents do occur, preventing them from escalating to a
point where significant damage occurs.

2.6 ENVIRONMENTAL AND SOCIAL IMPACTS AND
MITIGATION MEASURES

The following table summarises the findings of the detailed ESIA process undertaken in relation
to the Energean project and its potential effects on the physical, biotic and human environment.
It is noted that no significance or negligible impacts are not included in this table. The potential
interactions between project activities and environment and social receptors are subject to either
standard recognised best practice mitigation measures or to impact specific. In general the
mitigation proposed will be sufficient to reduce the effects of activities to below levels which will
cause a significant impact.

Impact

Receptor Significance

Activity Mitigation

Project Rationale

Construction

It will be investigated the
Burial of the Local change in the technical feasibility of
P morphological . bundling the three
Seabed pipelines and e Minor N
o characteristics of pipelines together so as
umbilical’s L
the seabed. to minimise the seabed
impacted area.
Smothering of a During drilling and with
- respect to seabed
’ portion of the -
) Installation of . cuttings, conductor of
Geological seabed, leading to . P .
- permanent - Minor 30” will be used instead
characteristics - localised decrease o
mooring . : ) of 36” in order to
in sediment's minimize volume of
nutrient content. .
cuttings.
Water Burial of pipelines It will be investigated the
. pip , Increased turbidity Minor technical feasibility of
environment and umbilical’s .
bundling the three
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Receptor

Impact

Significance

Mitigation

pipelines together so as

to minimise the seabed
impacted area.

Benthic species

Installation of
permanent
mooring

Installation of
pipelines and
umbilical’s

Burial of pipelines
and umbilical’s

Disturbance and in
some cases
relocation of
benthic
communities due to
the increased water
turbidity and/or
smothering of a
portion of seabed

Minor

Marine
mammals

Operation of
support vessels

Noise disturbance
and risk of collision.
Underwater noise
may cause marine
animals to alter
their behaviour
(such as diving,
surfacing,
vocalizing, feeding,
and/or mating),
move away from
the area of noise,
prevent marine
animals from
hearing important
sounds (masking),
cause hearing loss
(temporary or
permanent), or
damage tissue.

During drilling and with
respect to seabed
cuttings, conductor of
30” will be used instead
of 36” in order to
minimize volume of
cuttings

It will be investigated the
technical feasibility of
bundling the three
pipelines together so as
to minimise the seabed
impacted area.

Marine
mammals

Modifications to
Delta (new
risers/J tubes)

Noise disturbance

Speed limitation of 20
knots will be defined in
all boat movements
under the responsibility
of Energean.

Support vessel will have
at least one experienced
marine mammal
observer (MMO) on-
board and will have two
if 24 hour operations are
expected.

The commencement of
construction activities
will be also advised by
the MMO.

Socioeconomic
Environment

Seabed

Construction/Insta
llation of the new
facilities

Seabed cuttings

Employment will
increase during the
construction phase
of the project. Local
contractors will be
employed to assist
in construction
activities, thus
supporting the local
economy

Local change in the
morphological

Minor

(0-400m) characteristics of
the seabed.
Water Seabed cuttings - - -
environment (0-400m) Increased turbidity. Minor
The fishing
Benthic Maintenance of 2;?:str}g?]nzg]ng1:
communities exclusion zones g
will impact
positively the
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Impact
Significance

Mitigation

benthic community.
Disturbance and in -
some cases
relocation of
Benthic Seabed cuttings Egrr:rr:ﬁnities due to Minor
communities (0-400m) the increased water
turbidity and/or
local change in the
seabed
By maintaining the
operation of
exclusion zones,
fishing activities are
prevented within
Marine Maintenance of those areas,
mammals exclusion zones increasing the fish
populations, which
in turn are the
predominant food
supply of marine
mammals.
Conductor driving will
not commence if marine
) mammals detected
e
wells) activity or until 20
minutes after the last
Marine Spudding and Noise disturbance Minor visual detection.
mammals pu 9 and risk of collision.
drilling of wells, E ill examine
e e
gggsggng initial cpndu_ctors V\_/ith
vibropile equipment
(lower noise levels.)
rather than hammers.
Speed limitation of 20
Marine Operation of Noise disturbance knots will be defined in
mammals support vessels and risk of collision all boat movements
under the responsibility
of Energean.
Wastes will be
managed by Energean will audit the
Accredited Waste waste facility to make
Social Cuttings treatment | Management sure it has the required
infrastructure and disposal (400 | Facilities and this Minor capacity before it sends
(waste) - 3150 m) may cause the waste for further
negative effect on management /
their capacity for treatment.
other users
The construction
/installation
. . Operation of the gctivities wil .
Socioeconomic L improve the life of
Environment ?XI.SFI.ng & new the fields, allowing
acilities
the company to
retain the existing
employment levels
Existing platforms: | Local change in the
dispersal of morphological
Seabed seabed cuttings characteristics of )
from piles the seabed
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Impact

Mitigation

Receptor Activity Project Rationale

New platforms:
removal of SIPs

Significance

Water
environment

Existing platforms:

Dispersal of
seabed cuttings
from piles

Increased turbidity

Minor

Feasibility assessment
of trial lifting the cuttings
to surface will be
executed.

Benthic
communities

Existing platforms:

dispersal of
seabed cuttings
from piles

New platforms:
removal of SIPs

Disturbance to
benthic
communities on
and around them
(from direct
physical disruption
and increased
turbidity).

Minor

Feasibility assessment
of trial lifting the cuttings
to surface will be
executed.

Marine
mammals

Sever conductors

Noise disturbance

and risk of collision.

The decommissioning
activities will start with
the observation of a
MMO.

Decommissioning will
not commence if marine
mammals detected
within 500m of the
activity or until 20
minutes after the last
visual detection.

Marine
mammals

Operation of
support vessels

Noise disturbance
and risk of collision

Speed limitation of 20
knots will be defined in
all boat movements
under the responsibility
of Energean.

Support vessel will have
at least one experienced
marine mammal
observer (MMO) on-
board and will have two
if 24 hour operations are
expected.

Marine
mammals

Existing platforms:

cut piles

Noise disturbance
and harm

Use cold cutting
equipment during
abandonment rather
than explosives for
removal of platforms as
this method produces
low noise levels.

Decommissioning will
not commence if marine
mammals detected
within 500m of the
activity or until 20
minutes after the last
visual detection.

Impact will be
reassessed and
mitigation re-evaluated
closer to the time and
this is likely to reduce
the significance of the
impact.

Marine
mammals

Existing platforms:

remove jacket

Destruction of this
man-made habitat

Minor
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Receptor

Impact

Mitigation

New platforms:
removal of SIP

and potentially
reduces the quality
/ abundance of the
food supply for
marine mammals.

Significance

Socioeconomic

Following
abandonment of all
platforms (existing
and new), the

h All - Minor
environment existing workforce
will need to find
alternative
employment
Wastes will be Energean will audit the
managed by waste facility to make
. Accredited Waste sure it has the required
Social o Management i capacity before it sends
infrastructure Existing platforms | Facilities and this Minor the waste for further
(waste) may cause management /

negative effect on
their capacity for
other users

treatment.

Oil spill unplanned

Elevated
concentrations of
hydrocarbons may

Facility design and

Seabed . . Minor procedures
event be notlceable in Contingency Plan
sediments close to
the discharge point.
Localized and Facility design and
Water Oil spill unplanned | significant negative Minor procedures

environment

event

effects on the water
quality

Plankton and

Toxic effects on
plankton and fish.

An oil spill may
affect marine
mammals through
inhalation,
ingestion, and
dermal pathways.
Each pathway
could cause a suite
of physiological

Contingency Plan

fish .ecology Oil spill unplanned responses that . Facility design and
Marine event could compromise procgdures
mammals health as well as Contingency Plan
Avifauna long-term survival
and reproduction.
Crude oil is toxic to
avifauna and may
lead severe
damage to internal
organs and
mortality.
Additionally, bird
contact with oil
causes feather
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Impact
Significance

Receptor Mitigation

Activity Project Rationale

oiling and therefore
hypothermia, loss
of buoyancy and
ability to flight.

Environmental
protected areas

Oil spill unplanned
event

Impacts on
beaches and
environmental
protected areas
and their objectives

Facility design and
procedures
Contingency Plan

. I Toxic effects on Facility design and
E:r';mlgnities 2\'/';1?'" unplanned benthic Minor procedures
communities Contingency Plan
In case that fish
stocks are
contaminated,
there could be a
loss of market
confidence as
people may be
Fishing ggnvgllwp ﬁ]tg puyfish Facility design and
.?_gt:}::grensén d S\I/I;Ft)m unplanned contaminated area. procedures
livelihood Contingency Plan

The oil spill
accident would
have a long term
impact to the wider
touristic area of
Kavala gulf due to
the negative
visitors’ perception

Marine traffic

Oil spill unplanned
event

Shipping longer
routes and delays

Socioeconomic
environment

Oil spill unplanned
event

Negative economic
impacts on the
tourism industry
and other
livelihoods, fishing
activities and

Facility design and
procedures
Contingency Plan

Facility design and
procedures
Contingency Plan

shipping
Oil spill will be
managed by
Accredited
Technical Oil spill unplanned Mar}.'?lgement . Facility design and
. Facilities and may Minor procedures
infrastructures event X -
cause negative Contingency Plan
effect on their
capacity for other
users
SLDK
e8ee
(LI X
CONSULTANTS

Page | 2-17




, ENVIRONMENTAL & SOCIAL IMPACT ASSESSMENT (ESIA) FOR
ENERGEAN PRINOS OFFSHORE DEVELOPMENT PROJECT
OlL

& GAS

2.7 ENVIRONMENTAL & SOCIAL MANAGEMENT AND
MONITORING PLAN

The purpose of the Environmental and Social Management & Monitoring Plan (ESMMP) is to:

e Present an overview of the E&S Management System that is being implemented and
will accordingly adjusted to continue in the upcoming project phases, to ensure
systematic and effective execution of the environmental and social (E&S) commitments
relevant to the construction phase of the Project, future operations, potential future
developments as well as to the final decommissioning / abandonment phases,
presented in the previous paragraph 2.8;

e Provide a summary of the relative role and responsibilities of Energean, the EPC and
other contractors throughout the phases.

This document is a “live” document — Energean’s E&S Programme will continue to develop and
evolve further in response to the different stages of project development and the outcomes of
ongoing stakeholder engagement. This document will be reviewed regularly to ensure the
approach to E&S management remains fit-for-purpose and continues to align with relevant good
practice.

The ESMMP is supported by the following topic specific Management and Monitoring Plans
(MMP).

e Chemical use plan

e Waste management plan

e Stakeholder engagement plan (SEP)

e Chance finds procedure for cultural heritage

e Contingency Plan

e Health, safety and environment (HSE) management plan

e Traffic management plan

e General construction management plan (for your onshore works in pipeline assembly)

e Biodiversity and Wildlife management plan

e Pollution Prevention Management Plan
Energean is responsible for the environmental and social management of the construction and
operation activities, to ensure that project commitments are implemented, and conforms to
applicable environmental and social legal, regulatory and corporate requirements.

Energean’s current Health, Safety and Environmental (HSE) Management System defines the
principles to be followed by all employees and contractors associated with O&G fields
exploitation business in Prinos and South Kavala fields and relating facilities and future
developments. This system will be adapted to cover the proposed new planned infrastructure /
operations.

‘enr
T
oo x

z
a

coee

&
&
[

Page | 2-18



ENVIRONMENTAL & SOCIAL IMPACT ASSESSMENT (ESIA) FOR
ENERGEA PRINOS OFFSHORE DEVELOPMENT PROJECT

OIL & GAS

Energean is committed to the Mitigation Hierarchy (for Health and Safety), and the Mitigation
Hierarchy (for Environmental and Social Risks). This hierarchy will be adhered to when devising
appropriate mitigation and management strategies and measures.

The ‘Energean Force’ Rig already used to drill existing wells is managed by a rig management
team who has its own independent HSE MS already in place. Alignment of the plans, procedures
and reporting requirements of the rig and Energean HSE MS has been achieved through the
development of an HSE MS Bridging Document. The document defines clearly how all activities
will be managed to ensure compliance with Energean overachieving requirements.

Energean is responsible for the detailed design, procurement, construction and operation of the
Prinos Development Project. Energean has appointed design contractors to undertake the
detailed design of the project and a drilling contractor to manage the ‘Energean Force’ Drilling
Rig that will drill the wells. In due course, Energean will issue technical invitation to bid
documents for the various elements of the construction work scope.

Energean’s existing and updated HSE MS will form the framework for managing social and
environmental issues throughout construction, prior to the operation of the new facilities.

The aforementioned HSE MS will be used to deliver the Project ESIA commitments and
coordinate and review the environmental and social performance of the Project at the
construction stage.

Energean will operate the Project facilities using the established HSE MS that will be adjusted
as described earlier to cover the construction phase. This will be further adjusted prior to
commencement of Project’s operations and transition plans will be developed to assist with the
movement from the construction to existing HSE MS that will be updated accordingly to fit into
the operations the new planned and future development facilities.

The updated HSE-MS will be used to operate the Project facilities in accordance with the ESIA
commitments and applicable legal and regulatory standards and Energean’s policy.

An outline of the monitoring programmes proposed for the construction and operation phases,
is presented in the following tables. Monitoring process will enable Energean to understand how
environmental performance will change over time and will facilitate improvements to the
environmental and social management system.

Table 2-1: Outline of Monitoring Program during the Construction Phase

Monitoring Task Monitoring Parameter

Marine Marine ecology inspection | Benthic analysis Monthly
environment I . - .
Monitoring of marine water | Turbidity / Suspended solids Weekly
quality Oil and grease
Monitoring of sensitive Presence of marine mammals Continuous
marine fauna and birds — visual monitoring
Identification and reporting | Number of leakage events Continuous
SLDK
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Monitoring Task Monitoring Parameter

of leakage events

caused during the construction

mechanism

Analyse workers and
community grievance
trends

Maintaining training
records

Noise Noise monitoring at direct | Day and night noise levels Weekly
interference (within 500 m)
Working Health and Safety (H&S) Total recordable incidents, lost | Weekly
conditions, monitoring and audits. time incidents and other H&S
health and H&S Performance indicators.
safety evaluation Records verifying the condition
Equipment monitoring Equipment
Maintain grievance Grievance mechanism records | Monthly

Training records

Table 2-2: Outline of Monitoring Program during the Operation Phase

Receptor

Marine
environment

Monitoring Task

Monitoring of marine
water, seabed
morphology, integrity of
the pipelines and marine
ecology at direct
interference (within 500 m)

Monitoring Parameter

Physicochemical analysis of
seawater and benthos.

Analysis of benthic
communities

Visual inspection via ROV or
diving survey

Every 12 months for
sample analysis
Every 3 years for
visual inspection

Identification and reporting | Number of leakage events Continuous
of leakage events caused by the activity
Air quality Air emissions monitoring Temperature Continuous
through a Continuous Pressure drop
Emissions Monitoring HS Continuous
(CEM) System detection monitoring
Combustible gases Continuous
detection monitoring
Noise Noise monitoring at direct | Day and night noise levels Every 6 months for
SLDK
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Monitoring Task Monitoring Parameter

interference (within 500 m) the first two years
Working Inspection of the Maintenance check, services According to the
conditions, emergency and detection and record verifying the manufacturer
health and systems condition of the emergency
safety shutdown, fire detection, H2S
detection, combustible gas
detection and fire water
systems
Inspection of the Personal | Visual inspection and records Monthly
Protected Equipment verifying the condition of the
(PPE) and the safety safety equipment (life rafts, life
equipment jackets, flares, smoke
canisters)
Monitoring of Health and Monthly
Safety implementation by
the workforce
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Table 2-3: Outline of Monitoring Program during the Decommissioning Phase

Monitoring Task Monitoring Parameter

Marine Marine ecology inspection | Benthic analysis Monthly

environment One month after

direct interference

Monitoring of marine water | Turbidity / Suspended solids Weekly

quality Oil and grease One month after
direct interference

Monitoring of sensitive Presence of marine mammals Continuous
marine fauna and birds — visual monitoring
Identification and reporting | Number of leakage events Continuous
of leakage events caused during the construction

Noise Noise monitoring at direct | Day and night noise levels Weekly

interference (within 500 m)

Working Health and Safety (H&S) Total recordable incidents, lost | Weekly
conditions, monitoring and audits. time incidents and other H&S
health and H&S Performance indicators.
safety evaluation Records verifying the condition
Personal Protected of Personal Protected
Equipment monitoring Equipment
Maintain grievance Grievance mechanism records | Monthly
mechanism Training records

Analyse workers and
community grievance
trends

Maintaining training

records
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3 SUMMARY PROJECT DESCRIPTION

3.1 BASIC ELEMENTS OF THE PROJECT

The ESIA has been prepared to cover all of the existing offshore assets that have been in

operation since 1981, the planned extensions as well as potential future extensions that

Energean is studying, but has not yet committed to implement as those are described in Chapter

1.3 and its subchapters.

For the sake of clarity the following sub-division of assets and projects has been defined as

described below.

e The existing offshore facilities that include:

=
=

=

4 3 4 3

=

The Kappa platform located on the sweet, non-associated gas field South Kavala;
The 12” pipeline that transports sweet gas and condensate from South Kavala to
Prinos Delta;

The 12-slot production jackets Prinos Alpha and Prinos Beta which form part of the

bridge linked Prinos complex;

The Prinos Delta platform that contains all offshore processing facilities and which
receives oil, gas, water and condensate produced from Prinos, Prinos North and
South Kavala fields. Prinos Delta is bridge linked to Prinos Alpha and Prinos Beta
as well as the Prinos flare jacket. New risers will be added to Prinos Delta to allow
it to receive fluids from Lamda (and potentially Omicron) and send lift gas and water
for injection to Lamda;

The Prinos flare jacket;
A 12” dry-gas pipeline connecting Prinos Delta to the onshore facilities;
An 8” oil pipeline connecting Prinos Delta to the onshore facilities;

A 5.3” pipeline that transfers seet dry lift gas from the onshore facilities to Prinos
Delta;

Two 10kVa submarine power cables that transport electricity from the onshore
facility to Prinos Delta.

e The planned extension project (included in the current EBRD funding package) that

includes:

=

The re-entry of nine (9) existing wells on the Prinos Alpha platform and the
sidetracking of these to new bottom-hole locations in the Prinos field. These wells
target undrained pools of oil in the A, B and C reservoir units;
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Current

= The re-entry of one (1) existing Prinos North extended reach well located on the
Prinos Alpha platform, with the objective of side tracking it up dip of the existing
bottom hole location to allow attic oil reserves to be drained;

= The design, fabrication, installation, commissioning and subsequent operation of a
new well-head jacket platform (called “Lamda”) approximately 3.5 km’s north west
of the existing Prinos platforms. The Lamda platform will host between 5 and 9 wells
that will be drilled into and produce from the Epsilon field. This platform has been
designed to be normally unmanned. All produced fluids are transported to the Prinos
Delta platform where existing equipment is used to separate oil, water and gas;

= Three (3) sub-marine pipelines that connect Lamda to Prinos Delta. These comprise
one 10” pipeline to carry multi-phase well fluids from Lamda to Delta, and two 6”
pipelines to carry injection water and lift gas respectively from Prinos Delta to
Epsilon;

= Between 5 and 9 new wells to be drilled from the Lamda platform into the Epsilon
field. These wells will initially be completed as producers with between 2 to 4 being
converted after approximately 18 months to water injectors. The range of well
numbers planned reflects the uncertainty in recoverable reserves. The designed
platform is equipped with 15 slots.

The potential further developments:

This would introduce a second new wellhead jacket platform (‘Omicron’), which would
be located between the Prinos North and Prinos platforms and used to further develop
Prinos North in addition to the Kazaviti discovery. Kazaviti will be appraised by the 3
planned Prinos Alpha sidetrack (well PA-36), allowing a decision to be made on the
viability of this potential project subsequently.

and planned oil and gas production are presented earlier in Chapter 1.3.4, to cover all

of the above phasings of the project:

Design capacity;

Current production (existing facilities);

Peak planned production following Prinos Alpha sidetracks (P50 forecast);

Peak planned production following development of Epsilon field; and

Peak planned production following potential development of Prinos north through Prinos
Beta sidetracks and Omicron platform (P50 forecast).

3.2 DEVELOPMENT PHASES

The development phases of the project are governed by the phasing provided in the

aforementioned chapters.

These are defined by:
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e Present phase whereas the current production occurs solely from the existing facilities,
Prinos and south Kavala fields;
e Peak present phase whereas planned production will be peaking up following Prinos
Alpha sidetracks (P50 forecast) (no additional infrastructure to be installed);
e Peak future planned phase whereas production following the planned development of
Epsilon field, additional to the existing; and
e Peak planned production phase following the potential development of Prinos north
through Prinos Beta sidetracks and Omicron platform (P50 forecast), additional to the
existing and planned as described above.
Apart from those for the better comprehension of the current assessment and to align with both
Greek and international standards of environmental assessment and also in line with EBRD’s
Performance Requirements, the assessment focuses on the cumulative impacts from all
operations offshore. Those can be distinguished as follows:

e Construction phase: defined by the installation of the new planned and potentially
planned facilities, whereas in parallel the current operations on the existing facilities
continue to go on;

e Operation phase: defined by the operation of all the planned and the potentially
planned in the future offshore facilities and

e Abandonment phase: defined by the decommissioning activities that will need to take
place at the end of the life cycle of the project.

3.3 REQUIRED RAW MATERIAL, RESOURCES AND
EXPECTED WASTES

3.3.1 Construction phase

Due to the nature of activities and the short duration of construction, minimal raw material usage
will occur during construction. This will consist mainly of the typical materials used for vessel
operation (e.g. fuel) and those associated with the presence of a workforce (e.g. water, food).

No significant waste streams are expected in the construction phase. The platform topsides will
be fully constructed onshore and hence there will be little need for mechanical operations
following platform installation other than the mating of pipelines and risers subsea.

There will be no offshore accommodation in the field and hence no human related waste streams
to deal with. Any produced waste (both solid / wastewater) will be managed by the accompanied
boats as per their specific waste management plans (MARPOL, Annex IV and V).

3.3.2 Operation phase
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3.3.2.1 Raw material
3.3.2.1.1 Chemicals

For the offshore processing that takes place in the Prinos complex and in particular on platform
Delta, the following chemicals and their respective annual dosages are presented in the table
below:

Table 3-1: Expected dosage rates - Delta

Demulsifier 30
Scale inhibitor 4.2
Scale inhibitor 2

Corrosion inhibitor 12
Corrosion inhibitor 15
Antifouling 12
Antifouling 20
Oxygen scavenger 10
Cationic polyelectrolyte 6

Triethylene glycol

Hydrate inhibitor (methanol) 0.5
Citric acid

The annual consumption (average) rates for planned Lamda platform and potential Omicron
platform for the used chemicals are estimated for the time between 2017 and 2034 to be:

e Corrosion inhibitor: 7.4 to 10.0 m3/annum

e Demulsifier: 1.8 to 2.2 m3/annum

e Asphaltene inhibitor: peaking at the first years around 9.1 m3/annum and then
decreasing to 1.5 m3/annum

e Scale inhibitor: 1.4 to 2.0 m3/annum

3.3.2.2 Resources

The resources used for the operation of the existing offshore facilities, the planned Lamda
platform and the potential Omicron platform development are listed below.

3.3.22.1  Fresh water

On Delta platform water is used from the network on an average of 10 m3/d (maximum of 15
m?3/d) and it reaches Delta through the Energean’s supply boats.

There is no routine consumption of potable water foreseen on the Lamda platform.

Omicron platform will be equipped with permanent equipment to allow it to wash wells associated
with formations that have high formation salinities.
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3.3.2.2.2

Fuel

Total natural gas and diesel consumption is currently in the range of 67 tons/month and 79 tons

/month respectively.

3.3.2.3

Wastes

The waste (liquid / solid, hazardous / non-hazardous) generation for the operation of the existing

offshore facilities, the planned Lamda platform and the potential Omicron platform development
are further detailed in the paragraphs below.

3.3.231

Wastewater generation

Wastewater produced by the offshore facilities consists of the following:

3.3.2.3.2

Produced water removed from the crude oil on existing Delta platform accounting for
1,600 m3/d on average;

Produced water removed from condensate on planned Lamda and potential Omicron
platforms expected to reach average values of 11,759.6 m?3annum and 3,570.3
m3/annum respectively;

Washing liquids of decks and rain accounting for 0.8 m3/d on average;

Washing liquids of wells, vessels and piping accounting for 5,000 to 8,000 m? per year
or about for 4.1 m3/d on average;

Human wastewater accounting for 0.15 m3/d on average.

Solid wastes

3.3.23.2.1 Hazardous waste

The estimated hazardous waste production, in total from all platforms is:

Oil-containing drilling muds and wastes (01 05 05*) : 1,000,000 t/yr
Oil sludges from maintenance operations (05 01 06)* : 60,000 t/yr
Oily water from oil-water separator (13 05 07%) : 60,000 t/yr

Absorbents, filter materials (including oil filters not otherwise specified), wiping cloths,
protective clothing contaminated by dangerous substances (15 02 02*) : 1 t/yr
Drill cuttings 14,719 MTs (total)

3.3.2.3.2.2 Non-hazardous waste

The estimated amounts of non-hazardous wastes are:

e Paper and cardboard (20 01 01) : 8,460.80 kglyr
e Biodegradable kitchen & canteen waste (20 01 08) : 25,404.00 kglyr
e Plastic (20 01 39) 1 2,115.20 kglyr
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e Metals (20 01 40) : 2,115.20 kglyr
e Mixed municipal wastes (20 03 01) : 4,234.00 kglyr

3.3.3 Abandonment phase

3.3.3.1 Raw material

Raw material usage will be similar to construction, but with the addition of cement to plug wells
and potentially explosives to cut legs for the existing platforms (not the new platforms).

3.3.3.2 Waste

The most significant waste generated in a decommissioning exercise is the marine growth from
the jacket structures that it is preferable to be removed with water jets rather than onshore during
the scrapping stage. The quantities of the organic matter will need to be estimated when the
exact time of the abandonment is known.

Further to that, typical specific waste streams like: scrap metal, batteries, electrical and electronic
equipment (WEEE) are expected, however those cannot be determined at this stage in terms of
their quantities.

Specifically, with regards to the quantities of scrap metal (that is expected to be the bulk quantity)
that will need to be managed will highly depend on the method of decommissioning (i.e. deep
water disposal or towing onshore for dismantling).
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4 OBJECTIVE AND RATIONALE OF PROJECT
IMPLEMENTATION

4.1 BACKGROUND

Energean acquired existing oil and gas assets in the Prinos basin, North Aegean Sea, from the
Greek authorities in 2007. It already operates, and plans to develop, a number of small oil & gas
fields, including:

e Three (3) oil fields (Prinos, Prinos North and Epsilon);

e One (1) gas field (South Kavala);

e Three (3) discoveries (Zeta, Athos and Delta);

e Two (2) prospects (Alfa and Gamma)

e Two (2) leads (Lamda and South Kavala oil upside)
These fields fall within in the Gulf of Kavala. Energean's licence areas are presented in the map

below.
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Map 4-1: Energean’s licence areas

Associated exploration and production licenses were subsequently extended to allow the
company to commence investments.
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The company’s focus between 2007 and 2013 was quantifying the remaining potential of the
mature Prinos field, which represents the largest discovery in the basin, and Greece, to date and
determining whether discovered satellite fields could be commercialised. Production decline,
which commenced in the mid 80’s, was halted by implementation of a sequence of well
intervention and work-over activities coupled with the re-start of water injection. A small number
of new wells (approximately 1 per year on average) were completed. Drilling efforts focussed on
demonstration of upside potential thus allowing new reserves to be booked. Undeveloped
primary oil was demonstrated in the deeper/tighter B and C reservoirs of the Prinos field,
bypassed oil due to poor sweep in the primary A layers, production recommenced from the
Prinos North satellite and the Epsilon field successfully appraised by an ERD well. Work to date
has been executed through existing permits granted by the Greek authorities.

In 2007 only 1 min bbls of reserves were associated with the Prinos area fields. By the end of
2013 Energean had undertaken sufficient activities to increase 2P reserves to approximately 30
min bbls and 2C Contingent Resources to a similar level. Initial study work to unlock further
resources considered unrecoverable (via implementation of additional IOR and EOR techniques)
had commenced.

In 2014 Energean commenced activities designed to monetise its booked Reserves. In July 2014
the company acquired a 2" hand, 2000 HP, tender assisted drilling rig, from KCA-Deutag. This
rig was transported to Greece where it was overhauled bringing the barge and rig back into
certification. In parallel the company upgraded the Prinos Alpha platform to allow it to
accommodate the Drilling Equipment Set (DES) of the rig (the ‘Energean Force’). Purchase of
an in house drilling resource has allowed the Company to significantly reduce the cost of each
required side track and development well. Mature fields like Prinos need continuous infill drilling
to maintain production rates. Marginal satellites such as Epsilon require many, cheap wells to
ensure commerciality and maximise production rates/reserves. With the Energean Force the
Company is equipped with an asset that can drill wells at a cost marginally higher than equivalent
onshore wells.

An 8 to 10 well drilling programme commenced on Prinos Alpha mid-2015. This will be completed
by early 2017. In parallel with the rig refurbishment project Energean has undertaken conceptual
studies to determine the best way of developing the Epsilon field as well as the fields and
exploration prospects in the Prinos North area. All potential development options were identified
and screened against typical factors (cost, schedule, operability, flexibility, local content and of
course safety and environmental risk levels). The selected option, further described below, was
taken through FEED during the first half of 2015. The intent of the Company was to develop a
design that would work for both initial locations, and potentially at other locations at a later date.
This “design one, build many” approach is a well proven technique in the industry. In parallel
with FEED, Energean commenced preparation of a detailed EIS for the new platform
developments.

After consultation with the Greek authorities the scope of the EIS was expanded to include the
existing offshore facilities and platforms in the Prinos basin. The new platforms form an
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integrated expansion of the existing infrastructure and hence the authorities required all facilities
be covered by a single permit. To grant a permit covering an enlarged portion of the acreage an
EIS in line with current European and Greek legislation was requested.

As the onshore facilities are permitted separately the authorities did not require the EIS to cover
these. Existing EIS and permits were considered satisfactory, as the planned project does not
impact the design intent or operation of these facilities.

Detailed design contracts for the Epsilon development project were awarded in Q3 2015.
Quantitative Risk Assessment (QRA) models of the new facilities and pipelines have been
developed by the topside/SURF detailed design contractor — ODE. A contract was awarded to
ERM to develop a QRA model of the existing facilities including the brownfield tieback scope.
This work has allowed major incidents with the potential for environmental harm to be quantified.
LDK were contracted to prepare the overall EIS, using input provided by the Company, ODE and
ERM.

4.1.1 Prinos field

The Prinos field comprises three main stacked accumulations composed of turbiditic sandstones
of Miocene Age. The primary reservoir is approximately 300m thick and is characterized by
moderate to good porosity ranging from 12% to 22%, average net to gross ratio (NTG) of about
60%, and permeability up to 440mD. The reservoir has been divided into three main intervals:
A, B and C (youngest to oldest). The A reservoir, often subdivided to A1 and A2, contains
approximately 82.5% of STOIIP and has produced the majority of the oil to date. B and C
reservoirs are underlying the A reservoir and are less developed. The oil from Prinos Field is
moderately heavy (27-28° API), under-saturated and sour with a dissolved gas content of
674scf/bbl (120m3/m?3) and up to 60% mole H2S in the gas phase and a high wax and asphaltene
content. The field was originally over pressurized, the main seal being a basin wide sequence
of salts and evaporates up to 1km thick. Seawater has been used for partial pressure support.

The field was developed between 1979 and 1981 with 24 wells, 12 from each drilling platform
(Alpha and Beta). Up to 2013, a total of 54 wells have been drilled (including side tracks), 11 of
which are currently on production, 3 are injecting seawater and the rest are suspended or
abandoned. “Spare” slots will be recovered and used for the planned infill campaign. Further
infill drilling, beyond the scope of the current project, will likely require installation of a third drilling
platform, bridge-linked to the existing complex.

Crude production commenced in early 1981 at initial rates of 9,000bopd and peaked at about
28,000bopd between 1982 and 1986. Production has since declined and reached an average
oil rate of 840bopd (134m3/d) from 10-12 wells during 2010. Energean increased oil production
to above 2,000 bopd by end 2013. Approximately 110MMb of crude oil have been produced from
the field.

Prinos field STOIIP has recently been estimated at approximately 290 mmbbls. The average
recovery factor to date is therefore 38%.
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Although the Prinos Field is relatively mature, there is significant scope for extracting additional
value from the area through immediate production optimization, infill drilling, side tracking,
recompletions, optimization of existing water flooding and in the medium term implementation of
appropriate enhanced oil recovery processes. Although the Prinos field is located offshore its
shallow water situation, short distance from the mainland, thick, good quality, compact reservoir
structure coupled with favourable tax terms make it an excellent candidate for application of EOR
processes.

4.1.2 Epsilon field

The Epsilon discovery is located in the northern part of the Aegean Sea between 2 and 5km
northwest of Prinos. Water depth over the field is 35-55m. The Epsilon Oil Field is a fault, dip
and stratigraphically closed anticlinal structure, covering an area of approximately 4 km2. The
penetrated reservoir is 70-85 m thick and is characterised by 9% porosity, NTG of 40-90% and
permeability (assessed from core) ranging from 1-100mD. The reservoir penetrated to date is
the equivalent of the Al sand in Prinos.

Crude oil from the Epsilon has a light gravity of 36° API, H2S of 8-14% and a dissolved gas
content of 349scf/bbl (62.1m3/m3). Exploration in the Epsilon Area began in the early 1990s.

The Epsilon structure is covered by two partially overlapping 3D seismic surveys, which were
acquired in 1993 and 1997. A new basin wide 3D survey has recently been completed and
processing of the data has commenced. This new survey will be used to optimise drilling
locations for Epsilon wells in 2016. The field was discovered in late 2000 with Epsilon-1 well,
which was later successfully sidetracked down-dip along the structure (Epsilon-1As well).
Neither well identified an OWC. To date only the equivalent of the Prinos Al sand has been
penetrated. The potential of deeper (A2, B and C) sands has yet to be demonstrated. High gas
readings were noted at TD in both exploration wells. Calculated P50 STOIIP in the Al equivalent
sand is some 39min bbls. Deeper potential could increase this to 59 min bbls.

Following a period of inactivity, Energean appraised and partially developed Epsilon with an ERD
well (EA-H1). This well was completed in 2010 and production commenced at a rate above
2,000bopd. Production declined due to what was thought to be ashphaltene precipitation but a
work-over subsequently demonstrated that actually the well had suffered a casing collapse.
Attempts to sidetrack the well failed. Some 350,000 bbls were produced from this horizontal
appraisal well and the data has been critical in modelling the planned field development wells.

4.1.3 Prinos north area fields

The Prinos North field is located 3km north of Prinos, covering an area of about 1.5km?2. The
Prinos North structure was identified as a potential exploration opportunity in 1976, when the
Prinos-4 delineation well encountered oil (the Zeta discovery) on the north side of the main fault
separating the Prinos and Prinos North structures. This led to the acquisition of 3D seismic in
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1993 and the drilling of two Prinos North exploration wells. These identified oil in the main Prinos
North field plus the deeper Delta horizon.

Prinos North was appraised and partially developed by an extended reach horizontal well in
1996. PNA-H1 well was produced intermittently until 2004. The well was eventually shut-in due
to low rates and high water-cut. A second (up-dip) extended reach horizontal well was drilled in
2009 and has remained in production to date. Total Prinos North production was 3.9 MMb of oil
by the end of 2013.

The Prinos North oil field is a three-way fault and dip-closed structure sitting on the northern side
of the main Prinos fault, with hydrocarbons in Miocene stacked turbiditic sandstones at depths
of between 2,125m and 2,335m TVD SS. Oil is moderately heavy (17-24° API), sour, with a
dissolved gas content of 253scf/bbl (45m3/m3), 20-30% H2S and a high wax and asphaltene
content. The field is in contact with a moderately strong, highly saline aquifer. Whilst the aquifer
has provided some pressure support, pressures have declined and influx of the highly saline
water has caused continuous salt deposition problems in the production tubing leading to
significant lost oil and opex spend on routine interventions.

It is planned to drill at least one additional well in the Prinos North field up-dip of the existing
horizontal ERD well exploiting remaining reserves in the mapped crest of the field. Current plans
are for this new well to be drilled from either the Lamda platform or as a sidetrack of the PN-H3
well on Prinos Alpha.

Energean is currently considering the potential for installing a second new platform between the
Prinos and Prinos North fields. This platform, to be called Omicron, would reduce the complexity
and cost of Prinos North Development wells, increasing the number that could be justified, and
hence the ultimate recovery from this small field. A platform in the location would also allow
appraisal wells to be drilled into the Delta and Zeta discoveries and enable other fault blocks in
the area to be explored at a low cost. The Zeta discovery will be re-drilled down dip of the initial
exploration well from one of the wells included in the Prinos Alpha campaign. A positive result
would increase the likelihood of a second platform being installed. This further expansion is fully
covered by this ESIA and the associated environmental permit.

4.2 OBJECTIVES & RATIONALE

Energean’s development plans are based upon the following strategy for fully exploiting the
hydrocarbon resources in the Prinos basin. The objective of the company is to maximise
production from the discovered fields whilst progressively exploring the basin’s remaining
potential. Existing fields, once successfully appraised, plus new discoveries would be gradually
tied back to the Prinos complex via the satellite facilities covered by this ESIA. By fully exploring
and developing the resources of the Prinos basin the Company will extend the duration of its
operation and hence secure employment in this industry for the people of Kavala and Thasos.

Energean’s strategy can be summarised as:
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o Develop an internal drilling capability (tender assisted drilling rig) to allow well costs to
be significantly reduced and to maximize the use of existing work-over rig staff — this
has been achieved following the mid-2015 start-up of the Energean Force;

e Use the new drilling rig (‘Energean Force’) to significantly increase the number of infill
wells drilled into the Prinos field. Primary drilling targets will be:

= Poorer quality reservoir layers where bypassed oil has been identified in recent infill
wells;

= Field extension areas identified from improvements in 3D seismic (reprocessing,
new seismic, VSP’s).
e Gather subsurface data whilst drilling these Prinos infill wells to identify opportunities to
further promote contingent, prospective and unrecoverable resources sequentially to
reserves, namely:

= Assess the potential of the deeper D sand known to be hydrocarbon bearing over
parts of the field;

= Re-penetrate the Zeta discovery, gather a new data set (including core) and
undertake long term production test — should mobile oil be discovered — to allow a
plan to commercialise this 20+ min bbl STOIIP discovery

= Gather new core and log data to allow EOR studies to be further progressed and
hence promote unrecoverable hydrocarbons to contingent resources. Focus of EOR
studies is on low-salinity injection, surfactant floods, miscible gas injection (with CO2
and/or H2S) and miscible WAG.

e Fully develop, appraised, and partly developed near field satellite discoveries by
installation of simple wellhead platforms connected to the main Prinos complex via
multiphase production, gas lift and water injection pipelines and utility umbilical cables.
Key features:

= Minimise the number of complex ERD wells by shifting to simpler, satellite-platform
wells to reduce drilling risk and costs and hence allow more wells to be drilled per
development. Increase recovery factors compared with earlier development
concepts;

= Employ platform and pipeline fabrication and installation concepts and technologies
that allow maximum use of internal resources, maximizes spend in Greece whilst
minimizing overall costs, shortening schedules and reducing overall installation
risks.

e Obtain a new basin-wide 3D seismic data set to allow un-appraised discoveries to be
better mapped, validate/de-risk existing leads and prospects and generate new leads
and prospects with a greater focus on stratigraphic rather than structural plays as well
as deeper basin potential

e Justify and execute a new exploration/appraisal campaign to fully quantify the basin
potential and mature a sequence of development projects that will maintain production
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at a new plateau level.

4.3 FINANCIAL DATA

4.3.1 Approximate budget for project implementation

The following table summarises the point forward CAPEX of the projected Prinos area
development project:

Table 4-1: Prinos area development project cost estimate

Category Description Cost
- ____________________(Smin)

Wells® Prinos infill wells (9 sidetracks) 70.8
Prinos North up dip well (1 sidetrack) 8.2
Epsilon development wells (7 new drill) 56.4
Omicron development wells (6 new drill) 48.3
Data gathering for IOR/EOR studies 3.2
Facilities Prinos Delta modifications 3.3
Lamda topsides 12.6
Lamda substructure 8.5
Lamda installation 4.8
Omicron topsides 12.6
Omicron substructure 8.5
Omicron installation 4.8
Subsea Lamda Pipelines and umbilical cables 7.2
Lamda SURF Installation 2.7
Omicron Pipelines and umbilical cables 5.7
Omicron SURF Installation 2.7
Overheads Design 7.1
Project Management 5.2
Others 4.7
Total 277.4

4.3.2 Financing method of the development and operation of the

3 Wells cost exclude all variable costs related to spread, rig maintenance and staff and only include tangible
and intangible costs
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project

The project will be funded by a mixture of existing shareholder equity, cash flow from revenues
and new debt. Initial Prinos infill drilling and detailed design work associated with the Epsilon
development project is funded from existing shareholder funds. Later Prinos infill drilling will be
funded by cash flow from increased oil and gas production. Fabrication, construction and
installation of Lamda platform and associated pipelines and umbilical will be funded by debt.
Epsilon development wells will be funded partly by dept and partly from cash flow. The European
Bank for Reconstruction and Development is considering proving finance to the Project

4.4 CORRELATION OF THE PROJECT WITH OTHER
PROJECTS

The only facility directly linked in terms of the offshore facilities operations, is the onshore plant
facilities so-called Sigma. Apart from this, the project is not directly or indirectly linked or related
to other projects in the wider area of study.

However, in the Kavala gulf there are a number of activities such as:

e Kavala ports (‘Philippos II' commercial port and ‘Apostolos Pavlos’ passenger port)

e Keramoti passenger port

e Hellenic Fertilizers (ELFE), originally founded in 1961 (as Phosphoric Fertilizers Industry
SA (PFI) and started operation at Nea Karvali since 1965. Facilities include:

Ammonia production unit;

Production unit of nitric acid and nitric fertilizers;

Sulphuric acid production unit;

Phosphoric acid production unit;

84 484800

Compound fertilizer production unit

o Wastewater treatment plants (WWTPS)

Kavala WWTP (GR115001016) with sea outfall

Palaio Tsifliki WWTP (GR 11500101117) with sea outfall

Philippoi WWTP (GR 1150100118) with stream discharge

Nea Peramos WWTP (GR 1150030115) with stream discharge

Chryssoupoli WWTP (GR 115011018) with stream discharge

Limenas Thasou WWTP (GR 1150040116) with sea outfall

The aforementioned projects are neither directly nor indirectly linked with Energean’s facilities,

84 4848030

v

however, they operate within the project broader area of study and therefore they are considered
as potential contributors to overall environmental pressures in the Gulf. Therefore those are
essential to be referred and assessed as such.
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5 PROJECT
ESTABLISHED

OF THE AREA

COMPATIBILITY ~ WITH  THE
INSTITUTIONAL PROVISIONS

5.1 CONCESSION AGREEMENT

The project is governed under a concession agreement with the operator (currently Energean)

that has been initially signed with the Greek State and then ratified accordingly. Following this

initial agreement a number of amendments has been made, that are presented in the table

below.

Table 5-1: Legal acts governing the concession agreement

Legal act
Law 98/1975

Reference number

GG 161/1.8.1975

Subject

Ratification of the concession agreement of
14th June 1975, between the Greek State and
Oceanic Exploration Co of Greece, Hellenic Oil
Company Inc, Wintershall Aktiengellschaft,
White Shield Greece Oil Corporation, for
exploration and exploitation of hydrocarbons in
the marine area of Thracian Sea.

Law 539/1977

GG 39/11.2.1977

Ratification of the concession agreement of
27th September 1977 between the Greek
State and Denison Mines Limited, Hellenic Oil
Company Inc, Wintershall Aktiengellschaft,
White Shield Greece Oil Corporation.

Law 1769/1988

GG 66/7.4.1988

Ratification of the amended concession
agreement of 9th December 1987 between the
Greek State and Denison Mines Limited,
Hellenic Oil Company Inc, White Shield
Greece Oil Corporation, Wintershall Hellas
S.A. Oil and Public Corporation for Oil —
Exploration and Exploitation of Hydrocarbons
S.A. and the annexes 1, 2, 3 and 4 and
adjustments abut hydrocarbon issues.
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| Legalact | Referencenumber | Supject |

Law 2159/1993 GG 116/9.7.1993 Ratification of the second amended
concession agreement of 23rd February 1993
between the Greek State and Denison Mines
Limited, Hellenic Overseas (Holdings) Ltd,
White Shield Greece Qil Corporation,
Wintershall Aktiengellschaft, Wintershall Hellas
S.A. Oil and Public Corporation for Oil —
Exploration and Exploitation of Hydrocarbons
S.A. and annex 1.
Law 2779/1999 GG 296/30.12.1999 Ratification of:
a) The 16.11.1999 agreement between the
Greek State and the awarded consortium f

L.98/1975 as in power today;

b) The 23.11.1999 agreement between the
Greek State and Kavala Oil S.A. and the
annexes | and Il.

Law 4135/2013 GG 69/19.3.2013 Ratification of the first amendment of the

concession agreement of 31.10.2012 between

the Greek State and the awarded companies
Kavala Oil S.A. and Energean Oil & Gas S.A.
and annexes | and Il

Law 4296/2013 GG 214/2.10.2014 Ratification of the concession agreement of
30.12.2013 between the Greek State and the
companies Kavala Oil S.A. and Energean Oil &

Gas S.A. as well as the 3 contractual party
company Hellenic Petroleum S.A. which
amends the 23.11.1999 agreement for the
exploitation of the offshore area of Thracian
Sea between the Greek State and Kavala Oil
S.A., which was ratified with L.2779/1999
(A'296).

5.2 LEGISLATIVE FRAMEWORK

5.2.1 Main legislative framework for the environment

5.2.1.1 Directive 2011/92/EU on the assessment of the effects of certain public and
private projects on the environment (EIA Directive)
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Environmental Impact Assessment (EIA) was introduced for the first time in Europe in 1985 by
the EIA Directive (85/337/EEC) and represents the first key instrument in European Union’s
environmental policy that puts into force the obligation to account the environmental parameter
/ impact of projects / activities at the stage of implementation of decisions. Some of notable
features include:

e The range of projects and activities, ranging from industrial and other productive
activities to infrastructure projects such as roads, dams, ports mainly in the form of public
investment;

e The requirement to prior (ex ante) impact assessment so that environmental issues can
be fully incorporated in the design, implementation and operation;

e Opening up the process to the public which asked to be informed and to participate in
decision-making;

e And finally, the requirement for detailed and comprehensive information on the impact
on the environment, i.e. environmental impact study.

Twelve years later, and following a whole new service industry on the environmental impact
assessment sector and drawing conclusions from the hitherto implemented, the EIA Directive
was amended by 97/11/EC in order to:

e Be in line with the Espoo Convention on the assessment of transboundary impacts on
the environment;
e Extend the EIA to more types of projects and activities;
e Improving and expanding the criteria against which a project is subject to fall within the
obligations of an EIA.
EIA Directive has been further amended twice through Directive 2003/35/EC (harmonized public
participation process with provisions of Aarchus Convention) and Directive 2009/31/EC
(prescription for CO2 transport and storage projects). This was eventually codified by Directive
2011/92/EU of 13 December 2011.

The most recent update of the EIA Directive (2014/52/EU) entered into force on 15 May 2014 to
simplify the rules for assessing the potential effects of projects on the environment. The member
states (MS) need to have finalised the transposition into their legislative frameworks until 16 May
2017.

The update is in line with the drive for smarter regulation, so it reduces the administrative burden.
It also improves the level of environmental protection, with a view to making business decisions
on public and private investments more sound, more predictable and sustainable in the longer
term.

The new approach pays greater attention to threats and challenges that have emerged since the
original rules came into force some 25 years ago. This means more attention to areas like
resource efficiency, climate change and disaster prevention, which are now better reflected in
the assessment process. The main amendments are as follows:

e Member States now have a mandate to simplify their different environmental
assessment procedures.
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e Timeframes are introduced for the different stages of environmental assessments:
screening decisions should be taken within 90 days (although extensions are possible)
and public consultations should last at least 30 days. Members States also need to
ensure that final decisions are taken within a "reasonable period of time".

e The screening procedure, determining whether an EIA is required, is simplified.
Decisions must be duly motivated in the light of the updated screening criteria.

e EIA reports are to be made more understandable for the public, especially as regards
assessments of the current state of the environment and alternatives to the proposal in
guestion.

e The quality and the content of the reports will be improved. Competent authorities will
also need to prove their objectivity to avoid conflicts of interest.

e The grounds for development consent decisions must be clear and more transparent for
the public. Member States may also set timeframes for the validity of any reasoned
conclusions or opinions issued as part of the EIA procedure.

If projects do entail significant adverse effects on the environment, developers will be obliged to
do the necessary to avoid, prevent or reduce such effects. These projects will need to be
monitored using procedures determined by the Member States. Existing monitoring
arrangements may be used to avoid duplication of monitoring and unnecessary costs.

According to Article 1 of the Directive, it shall apply to the assessment of the environmental
effects of those public and private projects, which are likely to have significant effects on the
environment. The EIA Directive applies to a wide range of public and private projects, which are
defined in Annexes | and Il. Projects included in Annex | are considered as having significant
effects on the environment and require an EIA. For projects listed in Annex Il the national
authorities have to decide whether an EIA is needed through a screening procedure.

Although specific procedures may vary significantly among different Member States, the
principal phases of the EIA Process are common to the European Community. Figure below,
presents a flow chart of the EIA process phases, distinguishing the compulsory phases
(highlighted in yellow) from the optional EIA procedures (not highlighted).
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|

Notification to Competent Authority

|

Screening

|

Scoping

|

Environmental Studies

|

Submission of Environmental Information
Competent Authority

I

Review of the Adequacy of the Environmental
Information

|

Consultation with Statutory Environmental
Authorities, other interested Parties and the Public

Consideration of the Environmental Information by the
Competent Authority before making Development
Consent Decision

!

Announcement of Decision

|

Pest Decision Monitoring if Project is Granted Consent

Figure 5-1: Flow chart of EIA process as per EU Directive

Concerning oil and gas extraction, the EIA Directive provides that the conduct of an EIA is
mandatory for the ‘extraction of petroleum and natural gas for commercial purposes where the
amount extracted exceeds 500 tn/d in the case of petroleum and 500,000 m3/d in the case of
gas’ (Annex | (14) EIA Directive) and ‘pipelines with a diameter of more than 800mm and a length
of more than 40km for the transport of gas and oil’ (Annex | (16)). In addition, Annex | makes
EIA mandatory for ‘any change to or extension of projects listed in this Annex where such a
change or extension in itself meets the thresholds, if any, set out in this Annex’ (Annex | (24)). It
is subject to discussion whether all oil and gas activities below the threshold are covered by
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Annex Il (2)(d) which would mean that, in accordance with Article 4, the Member State
determines whether the activity is subject to EIA (screening).

The offshore oil and gas sector has to comply with the provisions of the EIA Directive when the
amounts of oil and gas extracted exceed those specified in Annex | of the EIA Directive. The
proposed Project in its current production rates (3,000 bbls/d equivalent to about 355 MT), does
not trigger Annex | of the Directive. However due to the increase in production from the new
investment programme as well as its design capacities, which both exceed the aforementioned
thresholds, the Project is required to undergo an ESIA as per Annex | of the Directive including
disclosure thereof and approval by the relevant environmental authorities. The Offshore
Directive also incorporates operators’ obligation to consider environmental impacts: it explicitly
states that one of the conditions for operating offshore installations is the submission of a Major
Hazard Report which shall contain, amongst others, ‘a description of the aspects of the
environment likely to be significantly affected, an assessment of the identified potential
environmental effects, in particular releases of pollutants to the environment, and a description
of the technical and non- technical measures envisaged to prevent, reduce or offset them,
including monitoring’.

5.2.1.2 National legislation, based on L1650/1985

Greek legislative framework was enriched with the first attempt to protect the environment in
1986. L.1650/1986 was approximating the first EIA Directive by also regulating a number of
environmental matters, which were quite radical for the time. The approximation was quite
detailed and the matters that were allowed to the country member states certain degree of
flexibility, the above law was leaning to the stricter rendering.

The Directive amendments led to the national legislation amendments introduced by
L.3010/2002. Main changes introduced included the compliance with new Directive,
decentralization and the introduction of the screening process.

More recently the legal framework was reformed through L.4014/2011. This was accompanied
by a number of JMDs, MDs and Circulars aiming together with the main law to improve the
overall output and increase the added value of the procedures.

The overall impact assessment — permitting framework in the Greek legislation is governed by
the following (including ratifications of the aforementioned conventions as applicable) and is
presented in paragraph 5.2.4.

The procedure for the Environmental Impact Assessment in Greece, for projects like the
proposed one, can be summarised in the following phases (according to the existing legislation):

e Environmental Impact (and Social) Assessment: the applicant shall provide an E(S)IA
of the project to the Ministry of Environment and Energy (YPEN), Directorate of
Environmental Permitting (DIPA)%;

4 The content of the E(S)IA is prescribed by (a) the project classification (as per MD 1958/2012) and (b)
the analytical specifications as set out in the JMD 170225/2014 for each type of project / activity.
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Check for Completeness: DIPA/YPEN will check the E(S)IA for completeness and may
request additional information, prior to distributing for consultation;

Statutory Consultation: opinion/response from the Central Authorities or other co-
competent Ministries, Regional Authorities and various organizations®;

Public Consultation: the project is presented to the Regional Council during an open
hearing where people can express their views

Decision on Approval of Environmental Conditions: DIPA/YPEN will consider the results
of the consultation (statutory and public) and will issue its decision, co-signed by other
competent Ministries

Publication of Decision: publication of the decision through the relative Regional Council.

The main changes that have been introduced from 2011 up to date can be summarized below:

Preliminary EIA (PEIA) is no longer foreseen to be in the Environmental Permitting
Process.

Instead of the PEIA the new framework introduces the optional Procedure for
Preliminary Identification of Environmental Requirements (PIER) — however only if the
project proponent requests it. In European and international EIA practice terms, this new
optional step could be classified as”Scoping*.

ESIAs will be evaluated by a new body of Independent Auditors (this has not been
applied up to date).

New procedures for Stakeholder involvement and participation of the Public, prescribed
by JMD 1649/45/2014. In this context, all environmental information of the Project will
be uploaded to the internet (this has not been applied up to date).

New procedures for Renewal and Modifications of the Approval of Environmental Terms
are defined.

In case of modifications in the Technical Design of the Project after the issue of the
Approval of Environmental Terms, the Owner has to submit a Dossier of Final Design
Compliance and in some cases a Technical Environmental Study.

Appropriate Assessment is mandatory for Natura Area Crossing, as part of ESIA through
Special Ecological Study (analytical specifications are provided in JMD 170225/2014).
Wastewater Treatment and Disposal Permit and Hazardous and Non-Hazardous Waste
Management Permits will be part of the Approval of Environmental Terms and relevant
Studies as part of the ESIA.

In particular, JMD 1649/45/2014, which sets out and specifies the foreseen in article 19,

paragraph 19 of L.4014/2011 provisions for:

The consultation means between the different authorities and
The ways of informing the public as well as its participation in the public consultation

during the environmental permitting procedure.

The aforementioned JMD specifies further the consultation following the implementation of

article 18, paragraph 5 of L.4014/2011 regarding the digital environmental registry. However,

5 The consultees are predefined by the JMD 1649/45/2014 for each project type and category.
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since a

transition period is expected until the setup of this registry, the procedures have also

been specified for this period. Apart from this, the authorities to be consulted are also identified
and stated in Annex B of the JMD.

Overall

the procedure is in line with the consultation and dissemination guidelines of the

Directive. However, the EBRD standards (PR10) go beyond in terms of the consultation

provisions mentioned above in the following ways:

EBRD’s PR 10 requires the stakeholder consultation to take place at the early phases
of ESIA development and in particular during scoping, a stage which is not mandatory
as per the Greek legislative framework.

PR 10 requires disclosure of the ESIA to ensure meaningful consultation and disclosure
of project information and to allow stakeholders to provide inputs and raise concerns.
Consultation and information disclosure should not cease at ESIA disclosure but
continue for the life of the Project. Similarly stakeholders should be able to engage with
the Project during the life of the project.

PR10 also requires analytical stakeholder mapping through the stakeholder
engagement plan (SEP), which should include a number of interested and affected
parties, including the public and vulnerable groups, and not just authorities.
L.4014/2011 and JMD 1649/45/2014, define the consultation and dissemination
procedures to be initiated following the ESIA submission to the Competent Authority,
which regulates the whole process instead of the project owner being responsible to do
so. PR 10 requires the Project owner to take a lead role in ensuring adequate
stakeholder engagement and information disclosure takes place.

The public has the ability to comment on the ESIA document only during the public
hearing that is set out by the regional authority. The EBRD's public information policy
requires the ESIA to be disclosed for a minimum of 60 days before the project can be
presented to the EBRD's Board of Directors for an investment decision. The ESIA should
remain in the public domain for the life of the Project (e.g. online),

The overall procedure of the ESIA permitting as per the Greek legislative framework currently in

power is further outlined in the figure below.

Page | 5-8



A ENVIRONMENTAL & SOCIAL IMPACT ASSESSMENT (ESIA) FOR
ENERGEAN PRINOS OFFSHORE DEVELOPMENT PROJECT

OIL & GAS

SUBMISSION OF THE ESIA STUDY TO THE
YPEM

(Appropriate Assessment is mandatory for the crossing of
Matura 2000 areas, as part of
ESlA Wastewater Treatment and Disposal Permitz and
Hazardous and Non-Hazardous VWaste
Management Permits will be part ofthe Approval of
Environmental Terms and relevant
Studies as part ofthe ESIAL)

)

CHECK FOR EIA COMPLETENESS FROM THE
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STATUTARY AMD PUBLIC COMSULTATION
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INCORPORATION OF COMMENT S BY THE
CONSULTANT

DECISION OF APPROVAL OM ENVIROMMENT AL
COMNDITIOMS BY THE YPEN

v

PUBLICATION OF DECISION

Figure 5-2: Flow chart of EIA process as per National legislative framework

In the case of a requirement to amend an already approved environmental permit, the process
requires a new ESIA, in case the project interventions are considered significant and therefore
are likely to have a significant effect to the environment.

5.2.1.3 Water framework directive (WFD), 2000/60/EU

The Water Framework Directive (Directive 2000/60/EC of the European Parliament and of the
Council of 23 October 2000 establishing a framework for Community action in the field of water
policy) is a EU Directive, which commits member states to achieve good qualitative and
guantitative status of all water bodies (including marine waters up to one nautical mile from
shore) by 2015. It is a framework in the sense that it prescribes steps to reach the common goal
rather than adopting the more traditional limit value approach.

The Directive aims for 'good status' for all ground and surface waters (rivers, lakes, transitional
waters, and coastal waters) in the EU.

The ecological and chemical statuses of surface waters are assessed according to the following
criteria:

e Biological quality (fish, benthic invertebrates, aquatic flora)

e Hydromorphological quality such as river bank structure, river continuity or substrate of
the river bed

Physical-chemical quality such as temperature, oxygenation and nutrient conditions
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e Chemical quality that refers to environmental quality standards for river basin specific
pollutants. These standards specify maximum concentrations for specific water
pollutants. If even one such concentration is exceeded, the water body will not be
classed as having a “good ecological status”.

The Water Framework Directive stipulates that groundwater must achieve “good quantitative
status” and “good chemical status” (i.e. not polluted) by 2015. Groundwater bodies are classified
as either "good" or "poor".

Due to distance of the offshore facilities from the shore, the majority of the complex (existing —
new facilities) does not fall within the provisions of the WFD. The only ones that do fall are the
pipelines reaching on shore.

5.2.1.4 Marine strategy framework directive (MSFD), 2008/56/EC

The Marine Directive (Directive 2008/56/EC) was adopted on 17 June 2008, after several years
of preparation and extensive consultation of all the relevant actors and the public, and came into
force on 15 June 2008.

The Marine Directive aims to achieve Good Environmental Status (GES) of the EU's marine
waters by 2020 and to protect the resource base upon which marine-related economic and social
activities depend. It is the first EU legislative instrument related to the protection of marine
biodiversity, as it contains the explicit regulatory objective that "biodiversity is maintained by
2020", as the cornerstone for achieving GES.

The Directive enshrines in a legislative framework the ecosystem approach to the management
of human activities having an impact on the marine environment, integrating the concepts of
environmental protection and sustainable use.

In order to achieve its goal, the Directive establishes European marine regions and sub-regions
on the basis of geographical and environmental criteria. The Directive lists four European marine
regions — the Baltic Sea, the North-east Atlantic Ocean, the Mediterranean Sea and the Black
Sea — located within the geographical boundaries of the existing regional sea conventions.
Cooperation between the Member States of one marine region and with neighbouring countries,
which share the same marine waters, is already taking place through these Regional Sea
Conventions.

5.2.1.5 Directive 2008/98/EC on waste and repealing certain Directives (Waste
Framework Directive)

The Waste Framework Directive provides the overarching legislative framework for the
collection, transport, recovery and disposal of waste. Waste is defined as ‘any substance or
object which the holder discards or intends or is required to discard, while ‘treatment of waste’
is defined as ‘recovery or disposal operations, including preparation prior to recovery or disposal.
According to the Waste Framework Directive, a distinction should be made between:

e The preliminary storage of waste pending its collection;

‘enr
T
oo x

z
a

coee

&
&
[

Page | 5-10



) ENVIRONMENTAL & SOCIAL IMPACT ASSESSMENT (ESIA) FOR
ENERGEA PRINOS OFFSHORE DEVELOPMENT PROJECT

OIL & GAS

e The collection of waste; and

e The storage of waste pending treatment.
Moreover, ‘establishments or undertakings that produce waste in the course of their activities
should not be regarded as engaged in waste management and subject to authorisation for the
storage of their waste pending its collection’. This implies that offshore installations only need to
obtain a permit if they treat waste (sewage, garbage) themselves.

Further distinction between collection and treatment notes that ‘preliminary storage of waste
within the definition of collection is understood as a storage activity pending its collection in
facilities where waste is unloaded in order to permit its preparation for further transport for
recovery or disposal elsewhere. The distinction between preliminary storage of waste pending
collection and the storage of waste pending treatment should be made, in view of the objective
of this Directive, according to the type of waste, the size and time period of storage and the
objective of the collection. The storage of waste prior to recovery for a period of three years or
longer and the storage of waste prior to disposal for a period of one year or longer is subject to
Council Directive 1999/31/EC of 26 April 1999 on the landfill of waste’.

Note that Article 2(2)(d) of the Waste Framework Directive provides that, to the extent covered
by other EU legislation, ‘waste resulting from prospecting, extraction, treatment and storage of
mineral resources and the working of quarries covered by Directive 2006/21/EC’ is excluded
from its scope. Nonetheless, according to Article 2(2)(b) of Directive 2006/21/EC on the
management of waste from extractive industries (and amending Directive 2004/35/EC) ‘waste
resulting from the offshore prospecting, extraction and treatment of mineral resources’ (italics
added) are excluded from its scope. Consequently, since waste produced on offshore
installations (and brought onshore) are not covered by the more specific Directive concerning
waste from extractive industries, operators of offshore oil and gas installations would have to
comply with the requirements of the more general Waste Framework Directive. This would mean
that the ‘original waste producer or other holder’ (in practice: the operator) would be obliged to
carry out the treatment of waste himself or have the treatment handled by a dealer or
establishment or undertaking which carries out waste treatment operations arranged by a private
or public waste collector in accordance with Articles 4 and 13 (Article 15(1)).

5.2.1.6 Council directive 96/82/EC on the control of major-hazards involving
dangerous substances (SEVESO II Directive)

The Seveso Il Directive requires EU Member States to identify high-risk industrial sites, take
appropriate measures to prevent major accidents involving dangerous substances and limit their
consequences for man and the environment. However, Article 4(f) stipulates that the Directive
does not apply to ‘the offshore exploration and exploitation of minerals, including hydrocarbons’
and therefore, the analysis does not cover this Directive.
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5.2.2 Main legislative framework for the prevention of marine
pollution

5.2.2.1 Directive for the safety of offshore oil and gas facilities (2013/30/EC)

Following the Deepwater Horizon incident in the Gulf of Mexico in April 2010, the European
Commission (EC) expressed its initial views on the safety of offshore oil and gas operations in
its communication ‘Facing the challenge of the safety of offshore oil and gas activities’ (published
on 13 October 2010). The EC communication concluded that the existing divergent and
fragmented regulatory framework applying to the safety of offshore oil and gas operations in
Europe, along with current industry safety practices did not provide adequate assurance that
risks from offshore accidents were minimised throughout the Union.

On the 28th June 2013, the EC published the Offshore Directive. The objective of this Directive
is to reduce as far as possible the occurrence of major accidents related to offshore oil and gas
operations and to limit their consequences.

Under the 2013/30/EC Directive, the EU has put in place a set of rules to help prevent accidents,
as well as respond promptly and efficiency should one occur:

o Before exploration or production begins, companies must prepare a report on major
hazard (RoMH) for their offshore installation. This report must contain a risk assessment
and an emergency response plan

e Companies must keep resources at hand in order to put them into operation when
necessary

e When granting licenses, EU countries must ensure that companies are well financed
and have the necessary technical expertise

e Technical solutions, which are critical for the safety of operators’ installations, must be
independently verified. This must be done prior to the installation going into operation

e National authorities must verify safety provisions, environmental protection measures,
and the emergency preparedness of rigs and platforms. If companies do not respect the
minimum standards, EU countries can impose sanctions, including halting production

e Information on how companies and EU countries keep installations safe must be made
available for citizens

e Companies will be fully liable for environmental damages caused to marine species and
natural habitats under protection status. For damage to marine habitats, the
geographical zone will cover all EU marine waters including exclusive economic zones
and continental shelves.

To further promote offshore safety, the European Commission works with its international
partners on the implementation of the highest safety standards worldwide. The offshore
inspectors of EU countries also work together through the European Union Offshore Oil and Gas
Authorities Group (EUOAG) to share best practices and improve standards.

5.2.2.2 Barcelona convention
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In 1975, 16 Mediterranean countries and the European Community adopted the Mediterranean
Action Plan (MAP), the first-ever Regional Seas Programme under UNEP's umbrella.

In 1995, the Action Plan for the Protection of the Marine Environment and the Sustainable
Development of the Coastal Areas of the Mediterranean (MAP Phase Il) was adopted by the
Contracting Parties to replace the Mediterranean Action Plan of 1975.

The Convention's main objectives are:
e To assess and control marine pollution;
e To ensure sustainable management of natural marine and coastal resources;
e To integrate the environment in social and economic development;

e To protect the marine environment and coastal zones through prevention and reduction
of pollution, and as far as possible, elimination of pollution, whether land or sea-based;

e To protect the natural and cultural heritage;
e To strengthen solidarity among Mediterranean coastal States;
e To contribute to improvement of the quality of life

The Barcelona Convention has given rise to seven Protocols addressing specific aspects of
Mediterranean environmental conservation. These are:

e  Dumping protocol

e Prevention and Emergency protocol
e Land based sources (LBS) protocol
e SPA and biodiversity protocol

e Offshore protocol

e Hazardous waste protocol

e ICZM protocol

Prevention of and response to environmental damage from offshore exploration and exploitation
activities is an issue to which the EU attaches a lot of importance, as demonstrated by a number
of policy documents, including the proposal for a regulation for safety of oil and gas offshore
activities, currently under discussion in the EU institutions. On 17 December 2012 the Council
approved EU accession to the Offshore Protocol, thus underlining EU commitment to reducing
environmental impacts of offshore activities in the Mediterranean through efficient regional
cooperation. The legal consequence of this is that the Offshore Protocol now becomes part of
EU legislation.

5.2.2.3 Comparative analysis between the offshore protocol (Barcelona Convention)
and EU Directive on safety of offshore oil and gas facilities (2013/30/EC)

Even at the early stages of the preparation of the Directive 2013/30/EC, it was identified that
those two statutory documents would both need to be implemented by offshore facilities within
the territorial waters of EU Member States (MS). Therefore it has been deemed necessary that
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a comparative analysis between the two is necessary in order to identify possible overlaps, avoid
duplications and ultimately make sure that all provisions from both are covered for a given
offshore installation (existing or planned).

While their ultimate objectives are often similar, the two legal acts have a different focus: the
Offshore Protocol aims at protecting against pollution from offshore activities whereas the EU
draft Regulation intends to ensure the safety of offshore activities.

The parallel adoption of these two legal acts provides a unique momentum to further develop
and align actions and measures undertaken to implement their core requirements. The Decision
of the Parties to the Barcelona Convention at their 17th meeting (February 2012) to endorse the
preparation of an Action Plan to effectively implement the Offshore Protocol, covering a 10-year
period underlines the need for harmonisation and guidance for effective implementation.

The EU Mediterranean Member States are the ones most impacted by the parallel
implementation, as they have to transpose the requirements from both legal acts in their national
legislation. One of the objectives of this study was to compare the requirements set by the
Offshore Protocol with the requirements of the proposed draft Regulation to examine what the
potential additional national measures are that (depending on their national legislation in place)
need to be taken by EU Mediterranean countries.

The EU Regulation, having a more specific scope, nhamely to ensure the safety of offshore
activities, sets clear rules for the EU Member States that cover ‘the whole lifecycle of exploration
and production activities, from design to the final removal of an oil or gas installation’ In other
words, both texts cover the exploration and exploitation activities including removal of
installations but the content and level of details vary from one text to another. Consequently, the
risk-related obligations that are addressed in the Offshore Protocol are mainly covered by the
EU draft Regulation. Examples are the requirements to use best practices or establish
contingency plans. The ‘environmental requirements’ set in the Offshore Protocol are to a great
extent covered by the applicable EU acquis.

The main objective of this section is to discuss the areas where the Protocol requirements are
covered by the EU acquis but where the requirements set by the EU Regulation or the acquis
are broader and, consequently, further specifications are necessary to ensure an effective
application, or are not covered at all and therefore may require that the EU Mediterranean
countries (depending on their national legislation) adopt additional measures. Where possible,
the assessment proposes options for a cost-effective fulfilment of the obligations arising from
both texts. As mentioned, this depends to a high extent on the national legislation in place in the
EU Mediterranean countries.

On the one hand, the Offshore Protocol provides a detailed list of requirements that need to be
fulfilled in order to be granted a working authorisation. The majority of these requirements are
covered by the EU acquis (rather than the EU draft Regulation) — although not in the same level
of detail as the acquis is rather general and does in most cases not specifically relate to the
offshore exploration or exploitation of oil and gas. However, Member States would typically have
in place a regulatory system that provides for a work authorisation.
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On the other hand, the EU Regulation establishes detailed requirements to ensure the safety of
offshore installations, while also covering environmental protection. To implement the EU draft
Regulation (now Directive) the Member States will need to build on their existing permitting
systems to include these requirements (such as the Major Hazard Report).

A more analytical comparative evaluation of the two, has been made in the report prepared
under the European Commission project named: “Safety of offshore exploration and exploitation
activities in the Mediterranean: creating synergies between the forthcoming EU Regulation and
the Protocol to the Barcelona Convention”, under the Contract: Nr. No
070307/2012/621038/SER/D2 (Milieu, 2013).

5.2.2.4 International convention for the prevention of pollution from ships (MARPOL)

The International Convention for the Prevention of Pollution from Ships (MARPOL) is the main
international convention covering prevention of pollution of the marine environment by ships from
operational or accidental causes.

The MARPOL Convention was adopted on 2 November 1973 at IMO. The Protocol of 1978 was
adopted in response to a spate of tanker accidents in 1976-1977. As the 1973 MARPOL
Convention had not yet entered into force, the 1978 MARPOL Protocol absorbed the parent
Convention. The combined instrument entered into force on 2 October 1983. In 1997, a Protocol
was adopted to amend the Convention and a new Annex VI was added which entered into force
on 19 May 2005. MARPOL has been updated by amendments through the years.

The Convention includes regulations aimed at preventing and minimizing pollution from ships -
both accidental pollution and that from routine operations - and currently includes six technical
Annexes. Special Areas with strict controls on operational discharges are included in most
Annexes.

e Annex | Regulations for the Prevention of Pollution by Oil (entered into force 2 October
1983)

= Covers prevention of pollution by oil from operational measures as well as from
accidental discharges; the 1992 amendments to Annex | made it mandatory for new
oil tankers to have double hulls and brought in a phase-in schedule for existing
tankers to fit double hulls, which was subsequently revised in 2001 and 2003.

= Annex |l Regulations for the Control of Pollution by Noxious Liquid Substances in
Bulk (entered into force 2 October 1983)

= Details the discharge criteria and measures for the control of pollution by noxious
liquid substances carried in bulk; some 250 substances were evaluated and
included in the list appended to the Convention; the discharge of their residues is
allowed only to reception facilities until certain concentrations and conditions (which
vary with the category of substances) are complied with.

= In any case, no discharge of residues containing noxious substances is permitted
within 12 miles of the nearest land.
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Annex lIl Prevention of Pollution by Harmful Substances Carried by Sea in Packaged
Form (entered into force 1 July 1992).

= Contains general requirements for the issuing of detailed standards on packing,
marking, labelling, documentation, stowage, quantity limitations, exceptions and
notifications.

= For the purpose of this Annex, “harmful substances” are those substances which
are identified as marine pollutants in the International Maritime Dangerous Goods
Code (IMDG Code) or which meet the criteria in the Appendix of Annex IlI.

Annex IV Prevention of Pollution by Sewage from Ships (entered into force 27
September 2003)

= Contains requirements to control pollution of the sea by sewage; the discharge of
sewage into the sea is prohibited, except when the ship has in operation an
approved sewage treatment plant or when the ship is discharging comminuted and
disinfected sewage using an approved system at a distance of more than three
nautical miles from the nearest land; sewage which is not comminuted or disinfected
has to be discharged at a distance of more than 12 nautical miles from the nearest
land.

Annex V Prevention of Pollution by Garbage from Ships (entered into force 31
December 1988)

= Deals with different types of garbage and specifies the distances from land and the
manner in which they may be disposed of; the most important feature of the Annex
is the complete ban imposed on the disposal into the sea of all forms of plastics.

Annex VI Prevention of Air Pollution from Ships (entered into force 19 May 2005)

= Sets limits on sulphur oxide and nitrogen oxide emissions from ship exhausts and
prohibits deliberate emissions of ozone depleting substances; designated emission
control areas set more stringent standards for SOx, NOx and particulate matter. A
chapter adopted in 2011 covers mandatory technical and operational energy
efficiency measures aimed at reducing greenhouse gas emissions from ships.

5.2.2.5 Regulation (EC) No 1907/2006 concerning the registration, evaluation,

authorization and restriction of chemicals (REACH)

REACH, which entered into force on 1 June 2007, requires manufacturers and importers of

chemicals to evaluate the risk arising from the use of chemicals and to manage such risks.

REACH applies to the manufacture, placing on the marker or use of substances on their own, in

mixtures or in articles and to the placing on the market of mixtures. A ‘substance’ is defined as

a chemical element and its compounds in the natural state or obtained by any manufacturing

process.

Key elements of REACH include registration requirements, whereby it is compulsory to register

the manufacture or import of chemicals in quantities of one tonne or more per annum.
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Substances of extremely high concern are also subject to authorisation. A procedure of
restriction is also put in place by REACH, setting out restrictions relating to the conditions of
manufacture, use(s) and/or placing on the market of a substance, or alternatively an outright
prohibition on the manufacturing, use or placing on the market of a substance.

While the EU draft Regulation does not specifically refer to REACH, it is considered of relevance,
as the Offshore Protocol requires the use of chemicals for the exploration and/or exploitation of
resources to be regulated, limited or prohibited.

5.2.2.6 Treaty on oil pollution preparedness, response and cooperation (OPRC)

In July 1989, a conference of leading industrial nations in Paris called upon International
Maritime Organization (IMO) to develop further measures to prevent pollution from ships. This
call was endorsed by the IMO assembly in November of the same year and work began on a
draft convention aimed at providing a global framework for international co-operation in
combating major incidents or threats of marine pollution.

Parties to the International Convention on Oil Pollution Preparedness, Response and Co-
operation (OPRC) are required to establish measures for dealing with pollution incidents, either
nationally or in co-operation with other countries.

Ships are required to carry a shipboard oil pollution emergency plan, whereas operators of
offshore units under the jurisdiction of Parties are also required to have oil pollution emergency
plans or similar arrangements which must be co-ordinated with national systems for responding
promptly and effectively to oil pollution incidents.

Moreover, ships are required to report incidents of pollution to coastal authorities and the
convention details the actions that are then to be taken. The Convention calls for the
establishment of stockpiles of oil spill combating equipment, the holding of oil spill combating
exercises and the development of detailed plans for dealing with pollution incidents.

Parties to the convention are required to provide assistance to others in the event of a pollution
emergency and provision is made for the reimbursement of any assistance provided.

A Protocol to the OPRC relating to hazardous and noxious substances (OPRC-HNS Protocol)
was also adopted in 2000.
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5.2.2.7 Agreement on the conservation of cetaceans in the Black Sea, Mediterranean
Sea and contiguous Atlantic (ACCOBAMS)

ACCOBAMS, the Agreement on the Conservation of Cetaceans in the Black Sea, Mediterranean
Sea and contiguous Atlantic area is ‘a cooperative tool for the conservation of marine biodiversity
in the Mediterranean and Black Seas’.

ACCOBAMS aims to reduce threats to cetaceans in Mediterranean and Black Sea waters and
improve our knowledge of these animals, and is the first Agreement binding the countries in the
two subregions, enabling them to work together on a matter of general interest. ACCOBAMS
was concluded in the auspices of convention on Migratory Species (CMS) in 1996 and entered
into force in 2001.

5.2.2.8 UN convention on the law of the sea (UNCLOS)

The United Nations Convention on the Law of the Sea (UNCLOS) also called the Law of the Sea
Convention or the Law of the Sea treaty is the international agreement that resulted from the
third United Nations Conference on the Law of the Sea (UNCLOS lll), which took place between
1973 and 1982. The Law of the Sea Convention defines the rights and responsibilities of nations
with respect to their use of the world's oceans, establishing guidelines for businesses, the
environment, and the management of marine natural resources. The Convention, concluded in
1982, replaced four 1958 treaties. UNCLOS came into force in 1994.

As of January 2015, 166 countries and the EU have joined the Convention. However, it is
uncertain as to what extent the Convention codifies customary international law.

5.2.2.9 Stockholm convention on persistent pollutants (POPSs)

Stockholm Convention on Persistent Organic Pollutants is an international environmental treaty,
signed in 2001 and effective from May 2004, that aims to eliminate or restrict the production and
use of persistent organic pollutants (POPs).

Key elements of the Convention include the requirement that developed countries provide new
and additional intentionally produced POPSs, eliminate unintentionally produced POPs where
feasible, and manage and dispose of POPs wastes in an environmentally sound manner.
Precaution is exercised throughout the Stockholm Convention, with specific references in the
preamble, the objective, and the provision on identifying new POPs.

5.2.2.10 International convention on the establishment of an international fund for
compensation for oil pollution damage (FUND)

Although the 1969 Civil Liability Convention (CLC) provided a useful mechanism for ensuring
the payment of compensation for oil pollution damage, it did not deal satisfactorily with all the
legal, financial and other questions raised during the Conference adopting the CLC Convention.
The 1969 Brussels Conference considered a compromise proposal to establish an international
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fund, to be subscribed to by the cargo interests, which would be available for the dual purpose
of, on the one hand, relieving the ship owner of the burden by the requirements of the new
convention and, on the other hand, providing additional compensation to the victims of pollution
damage in cases where compensation under the 1969 Civil Liability Convention was either
inadequate or unobtainable.

The Conference recommended that IMO should prepare such a scheme and the International
Convention on the Establishment of an International Fund for Compensation for Oil Pollution
Damage was adopted at a Conference held in Brussels in 1971. It is supplementary to the Civil
Liability Convention.

The purposes of the Fund Convention are:

e To provide compensation for pollution damage to the extent that the protection afforded
by the 1969 Civil Liability Convention is inadequate.

e To give relief to ship owners in respect of the additional financial burden imposed on
them by the 1969 Civil Liability Convention, such relief being subject to conditions
designed to ensure compliance with safety at sea and other conventions.

e To give effect to the related purposes set out in the Convention.

Under the first of its purposes, the Fund is under an obligation to pay compensation to States
and persons who suffer pollution damage, if such persons are unable to obtain compensation
from the owner of the ship from which the oil escaped or if the compensation due from such
owner is not sufficient to cover the damage suffered.

Under the Fund Convention, victims of oil pollution damage may be compensated beyond the
level of the ship owner's liability. However, the Fund's obligations are limited. Where, however,
there is no ship owner liable or the ship owner liable is unable to meet their liability, the Fund will
be required to pay the whole amount of compensation due. Under certain circumstances, the
Fund's maximum liability may increase.

With the exception of a few cases, the Fund is obliged to pay compensation to the victims of oil
pollution damage who are unable to obtain adequate or any compensation from the ship owner
or his guarantor under the CLC Convention.

The Fund's obligation to pay compensation is confined to pollution damage suffered in the
territories including the territorial sea of Contracting States. The Fund is also obliged to pay
compensation in respect of measures taken by a Contracting State outside its territory.

The Fund can also provide assistance to Contracting States, which are threatened or affected
by pollution and wish to take measures against it. This may take the form of personnel, material,
credit facilities or other aid.

In connection with its second main function, the Fund is obliged to indemnify the ship owner or
his insurer for a portion of the ship owner's liability under the Liability Convention.

The Fund is not obliged to indemnify the owner if damage is caused by his wilful misconduct or
if the accident was caused, even partially, because the ship did not comply with certain
international conventions. Moreover, the Convention contains provisions on the procedure for
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claims, rights and obligations, and jurisdiction.

Contributions to the Fund should be made by all persons who receive oil by sea in Contracting
States.

5.2.2.11 Environmental liability directive (2004/35/EC)

Environmental Liability Directive (ELD), 2004/35/EC came into force across Europe during 2009.
Unlike the 96/82/EC so-called Seveso Il Directive which applies to large high risk businesses
the Environmental Liability Directive applies to all businesses large and small alike. Directive
2004/35/EC addresses pure ecological damage in terms of ‘protected species and natural
habitats’ (biodiversity damage), ‘water pollution damage’ and ‘land damage’. It applies to waters
covered by Directive 2000/60/EC23 according to which the term ‘surface waters’ also includes
territorial waters (Article 2(1) of Directive 2000/60/EC24).

This means that liability may be attributed for environmental damage occurring within 12 nautical
miles from shore.

5.2.2.12 Aarhus convention

The UNECE Convention on Access to Information, Public Participation in Decision-making and
Access to Justice in Environmental Matters was adopted on 25™ June 1998 in the Danish city of
Aarhus at the Fourth Ministerial Conference in the 'Environment for Europe' process.

The Convention:

e Links environmental rights and human rights
e Acknowledges that we owe an obligation to future generations
o Establishes that sustainable development can be achieved only through the involvement
of all stakeholders
e Links government accountability and environmental protection
e Focuses on interactions between the public and public authorities in a democratic
context.
The subject of the Convention goes to the heart of the relationship between people and
governments and deals with government accountability, transparency and responsiveness.

The Aarhus Convention grants the public rights and imposes on Parties and public authorities’
obligations regarding access to information and public participation and access to justice.

The Aarhus Convention is also forging a new process for public participation in the negotiation
and implementation of international agreements.
Its main three pillars are the following:
* Access to information: any citizen should have the right to get a wide and easy access
to environmental information. Public authorities are obliged to provide all the information

required and collect and disseminate them and in a timely and transparent manner. This
includes information on the state of the environment, policies and measures taken, or
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on the state of human health and safety, where this can be affected by the state of the
environment. Some information is exempt from release, for example where the
disclosure would adversely affect international relations, national defence, public
security, the course of justice, commercial confidentiality or the confidentiality of
personal data. Information may also be withheld if its release could harm the
environment, such as the breeding sites of rare species;

«  Public participation in decision-making: the public has a right to participate in decision-
making in environmental matters. Arrangements should be made by public authorities
to enable the public to be informed and subsequently to comment (if wishing to do so)
on proposals for projects affecting the environment, or plans and programmes relating
to the environment. Any subsequent comments are to be taken into consideration in the
decision-making process. Decision makers can take advantage from people's
knowledge and expertise; this contribution is a strong opportunity to improve the quality
of the environmental decisions, outcomes and to guarantee procedural legitimacy.

* Access to justice: the public has the right to judicial or administrative recourse
procedures in case a Party violates or fails to adhere to and the convention's principles,
i.e. i.e. the right to seek redress when environmental law is infringed and the right to
access review procedures to challenge public decisions that have been made without
regard to the two other pillars of the Convention.

5.2.3 Main legislative framework for the environment and
biodiversity protection

5.2.3.1 Convention on migratory species (CMS or Bonn convention)

The Convention on the Conservation of Migratory Species of Wild Animals - more commonly
abbreviated to just the Convention on Migratory Species (CMS) or the Bonn Convention-aims to
conserve terrestrial, marine and avian migratory species throughout their range. It is an
intergovernmental treaty, concluded under the aegis of UNEP, concerned with the conservation
of wildlife and habitats on a global scale. The Convention was signed in 1979 in Bonn, and
entered into force in 1983. The CMS is the only global and UN-based intergovernmental
organization established exclusively for the conservation and management of terrestrial, aquatic
and avian migratory species throughout their range. CMS and its daughter agreements
determine policy and provide further guidance on specific issues through their Strategic Plans,
Action Plans, resolutions, decisions and guidelines. All maintain on their websites a list of all
decisions taken, guidelines issues and Action Plans adopted by the Member States.
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5.2.3.2 Ramsar convention

The Ramsar Convention is an international treaty for the conservation and sustainable utilization
of wetlands, recognizing the fundamental ecological functions of wetlands and their economic,
cultural, scientific, and recreational value. The convention was developed and adopted by
participating nations at a meeting in Ramsar, Mazandaran, Iran, on February 2, 1971 and came
into force on December 21, 1975.

5.2.3.3 Bern convention

The Bern Convention on the Conservation of European Wildlife and Natural Habitats, also known
as the Bern Convention (or Berne Convention), is a binding international legal instrument in the
field of Nature Conservation; it covers the natural heritage in Europe, as well as in some African
countries. The Convention was open for signature on 19 September 1979 and came into force
on 1 June 1982. It is particularly concerned about protecting natural habitats and endangered
species, including migratory species.

The convention mainly aims at:

e Conserving wild life flora and fauna and their natural habitats;

e Promoting cooperation between states;

e Giving particular attention to endangered and vulnerable species including endangered
and vulnerable migratory species.

5.2.3.4 Convention on biological diversity (CBD)

The Convention on Biological Diversity (CBD), known informally as the Biodiversity Convention,
is a multilateral treaty. The Convention has three main goals:

e Conservation of biodiversity;
e Sustainable use of its components; and
e Fair and equitable sharing of benefits arising from genetic resources

In other words, its objective is to develop national strategies for the conservation and sustainable
use of biological diversity. It is often seen as the key document regarding sustainable
development. The Convention was opened for signature at the Earth Summit in Rio de Janeiro
on 5 June 1992 and entered into force on 29 December 1993.

The convention recognized for the first time in international law that the conservation of biological
diversity is "a common concern of humankind" and is an integral part of the development
process. The agreement covers all ecosystems, species, and genetic resources. It links
traditional conservation efforts to the economic goal of using biological resources sustainably. It
sets principles for the fair and equitable sharing of the benefits arising from the use of genetic
resources, notably those destined for commercial use.

It is noted that the Convention is legally binding; countries that join it (‘Parties’) are obliged to
implement its provisions.
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5.2.3.5 Birds directive (2009/409/EC)

The Birds Directive (more formally known as Council Directive 2009/147/EC on the conservation
of wild birds) was adopted in 2009. It replaced Council Directive 79/409/EEC of 2 April 1979 on
the conservation of wild birds, which was modified several times and had become very unclear.
It aims to protect all European wild birds and the habitats of listed species, in particular through
the designation of Special Protection Areas (SPA).

5.2.3.6 Habitats directive (92/43/EEC)

The Habitats Directive (more formally known as Council Directive 92/43/EEC on the
Conservation of natural habitats and of wild fauna and flora) was adopted in 1992 as a response
to the Berne Convention. It is one of the EU's two directives in relation to wildlife and nature
conservation, the other being the Birds Directive mentioned above.

It aims to protect some 220 habitats and approximately 1,000 species listed in the directive's
Annexes. These are species and habitats which are considered to be of European interest,
following criteria given in the directive.lBll4

e Annex | covers habitats,

e Annex Il species requiring designation of Special Areas of Conservation,

e Annex IV species in need of strict protection, and

e Annex V species whose taking from the wild can be restricted by European law.

The directive led to the setting up of a network of Special Areas of Conservation, which together
with the existing special Protection Areas (SPA) form a network of protected sites across the
EU, called Natura 2000.

5.2.4 Main legislative framework for impact assessment

The impact assessment — permitting framework is governed by the following (including
ratifications of the aforementioned conventions as applicable).

Table 5-2: Current legal framework for impact assessment — permitting of offshore installations

Law/Decision/Circular/Direct Reference number Subject
ive and relevant

EU/International documents

Law 4014 GG 209/A/21-09-2011 On environmental permitting
Law 1650 GG 160/A/18-10-1986 On environmental protection
Law 3010 GG 91/A/25-04-2002 Harmonisation of L. 1650 with Directives:
96/61/EC & 97/11/EC
Law 3937 GG 60/A/31-03-2011 On biodiversity conservation
MD 1958 (as modified and in GG 21/B/13-01-2012 On the environmental classification of
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Law/Decision/Circular/Direct Reference number Subject

ive and relevant

EU/International documents

force) projects and activities

JMD 15393/2332 GG 1022/B/05-08-22002 | Only valid Annex II: on categories of
activities and projects subject to Integrated
Pollution Protection and Control (IPPC)

MD 48963 GG 2703/B/05-10-2012 On the specifications of Environmental
Permit contents

MD 170225 GG 135/B/17-01-2014 On particularisation of indexes for
environmental permitting studies

JMD 30651 GG 1817/B/02-06-2014 On particularisation of specifications of the
Environmental Electronic Registry

Law 3422 GG 303/A/13-12-2005 Ratification of Aarhus Convention

JMD 1649/45 GG 45/B/15-01-2014 On particularisation of permitting processes

and public participation in public hearings

and consultations during environmental

permitting
MD 21697 GG 224/YOAA/03-05- Composition of Central Council for
2012 Environmental Licensing
Law 4042 GG 24/A/13-02-2012 Environmental liability — framework of

waste generation and management

Circular 16 / 4095.82 Regarding waste management permits as
per article 12 of L. 4014/2011

Commission Decision 2000/479/EC of 17, EC On the implementation of a European
July 2000 pollutant emission register (EPER)
according to Article 15 of Council Directive
96/61/EC concerning integrated pollution

prevention and control (IPPC)

EC Regulation Regulation (EC) No Concerning the establishment of a
166/2006 of the European Pollutant Release and Transfer

European Parliament and | Register and amending Council Directives

of the Council of 18 91/689/EEC and 96/61/EC
January 2006
Guidance Document European Commission, On the implementation of the European
31.05.2006 PRTR
Law 743 GG 137/A/17.10.1977 On protection of the Marine Environment
P.De. 55/1998 GG 58/A/20.04.1998 On protection of the Marine Environment
(codification of L. 743)
P.De. 11/2002 GG 6/A/21-01-2002 National Emergency Action Plan for

confrontation of pollution incidents from oil
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Law/Decision/Circular/Direct
ive and relevant

Reference number

Subject

EU/International documents

and other detrimental substances

Guidance note

Ref. Ares(2011)1339393
—12/12/2011

Guidance note on the application of
Directive 85/337/EEC to projects related to
the exploration and exploitation of

unconventional hydrocarbon

Directive

2013/30/EC of
12-06-2013

On safety of offshore oil and gas operations
and amending Directive 2004/35/EC®

Barcelona Convention 1976
including pollution caused by
exploration and exploitation of
hydrocarbons
e Ratified by Greek Parliament
with:
= Law 855
= Law 3022

incorporated in EU, Directive

GG 235/A/23-12-1978
GG 144/A/19-06-2002
2013/5/EC

Ratification of international convention for
the protection of Mediterranean Sea from

pollution and amendments

International Convention on Oil
Pollution Preparedness Response
and Cooperation (OPRC) 1990
e Ratified by Greek Parliament
with:
=  Law 2252
= Law 3100

GG 192/A/18-11-1994
GG 20/A/29-01-2003

Ratification of the international conventions

OPRC and amendments

International Convention for the

Prevention of Pollution from

Ships, 1973, as modified by the

Protocol of 1978 relating thereto

(MARPOL 73/78)

e Ratified by Greek Parliament
with L.1269 as amended and

in force

GG 89/A/21-07-1982

Ratification of the International Convention
for the Prevention of Pollution from Ships

and amendments

ACCOBAMS

Agreement on the conservation of

6 The Greek state has recently assigned a technical / legal team with the task to draft the law that will
approximate Directive 2013/30/EC into the Greek legislative framework system. It is expected that the draft
law will be posted for consultation before the end of 2014 and it is expected that current EIS should be in

full compliance with it.

Moreover, the current Greek permitting legislation, (in particular, MD 170225/2014), specifically refers to
the aforementioned Directive, as the responsibility of compliance passes through the Environmental Permit.
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Law/Decision/Circular/Direct

ive and relevant

EU/International documents

Reference number

Subject

cetaceans in the Black Sea, Mediterranean

Sea and contiguous Atlantic area

P.De. 148/2009

GG 190/A/29-09-2009

On environmental liability with regard to the

prevention and remedying of environmental

damage

5.2.5 International industry and International Financial Institution
(IFI1) standards

5.2.5.1 Good oilfield practices (GOP) and Good International Industry Practice (GIIP)

The planned project work will be undertaken in line with ‘Good Qil Field Practice’ and ‘Good
International Industry Practice’.

‘Good Oil Field Practice’ is a term used by certain National oil and gas regulators to describe the
approach expected from operators working in their countries. Unfortunately it is not a concept
that is well defined and hence its meaning can be opened to interpretation.

A commonly used definition is that ‘Good Oilfield Practice’ means:

‘Such practices and procedures employed in the petroleum industry worldwide by prudent and
diligent operators under conditions and circumstances similar to those experienced in
connection with the relevant aspect or aspects of the Petroleum Operations, principally aimed at
guaranteeing:

e Conservation of petroleum and gas resources, which implies the utilization of adequate
methods and processes to maximize the recovery of hydrocarbons in a technically and
economically sustainable manner, with a corresponding control of reserves decline, and
to minimize losses at the surface;

e Operational safety, which entails the use of methods and processes that promote
occupational security and the prevention of accidents;

e Environmental protection, that calls for the adoption of methods and processes which
minimise the impact of the Petroleum Operations on the environment’.

‘Good International Industry Practice’ (GlIP) is defined as:

‘the exercise of professional skill, diligence, prudence and foresight that would be reasonably
expected from skilled and experienced professionals engaged in the same type of undertaking
under the same or similar circumstances globally. The circumstances that skilled and
experienced professionals may find (relevant) when evaluating the range of pollution prevention
and control techniques available to protect may include, but are not limited to, varying levels of
environmental degradation and environmental assimilative capacity as well as varying levels of
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financial and technical feasibility’. World Bank EHS Guidelines introduced in 2007 are technical
reference documents, which provide examples of approaches that are based upon IIP. Equator
Principles and IFC Performance Standards call upon these guidelines for establishing
acceptable levels of performance.

In contrast there are no strict guidelines or rules established that define how ‘good oil field
practice’ is achieved or how performance against such a standard can be measured. Good Oil
Field Practice is not about following a specific procedure but about the approach that an
operating company takes in discharging its duty to the government that has approved its license
to operate. By definition use of GIIP principles would be Good Oilfield Practice.

Itis clearly a concept that relates to the way a facility is designed, the methods of construction,
its operation and maintenance as well as the way its overall management is discharged and
hence is equally applicable at each stage of the asset life cycle.

Good Oilfield Practice is by definition something that changes continuously. It requires operators
to monitor successes and failures in the industry and modify their internal practices appropriately.
A regulator wants failures that have occurred elsewhere in the world to be avoided whilst
ensuring that new, more effective approaches are implemented as quickly as possible. Good
Oilfield Practice embraces equally the use of recognized and well tested Standards during the
design stage, internal management/control procedures during project execution and application
of risk-based inspection systems to manage cost when the facility is in service.

Energean is committed to follow ‘Good Oilfield Practices’ throughout day to day activities,
whether they be the drilling of new wells, the installation of new facilities or the management of
existing facilities. This commitment is well illustrated in the way that the current Prinos Area
Development Project has been formulated and is being implemented. This project has included:

e The hiring of international staff with a proven track record of developing similar fields
e The use of internationally recognized contractors to undertake specialist technical and
non-technical work
e The identification of appropriate international and industry standards to which new
facilities will be designed and old facilities verified
e The development of internal controls to allow projects to be reviewed and approved as
they pass form decision point to decision pointUpgrade of its newly acquired drilling rig
in line with international standards using equipment and staff from Original Equipment
Manufacturers
e Early incorporation of risk reduction techniques in the design process
e Adesire to maximize the positive impact of the project on the Greek economy by tailoring
the design to match local industrial capabilities
Energean senior management and owners are committed to build upon the track-record of
operational excellence established by the previous owners of the Prinos basin assets which were
acquired when Energean acquired Kavala Oil in 2007. The Prinos assets are technically complex
largely because of the ultra-sour nature of the crude and gas produced. Kavala Oil and
subsequently Energean have had to establish and maintain world class operational standards
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to ensure the safe operation of these facilities during a 30-year period. This can be demonstrated
in the excellent safety record of the company and the lack of any incidents that have accidentally
released hydrocarbon substances into the environment. The Prinos assets happily co-exist with
a vibrant tourism industry and offshore and shore based fishing enterprises.

Although Energean has a strong operational base to call upon it has not executed a significant
engineering project previously. To ensure that this new activity is undertaken in line with the
principles of “Good Qil Field Practice” it has recruited a team of seasoned professionals with
experience from Major upstream oil and gas companies (e.g. Shell) and construction companies
(e.g. Saipem). These staff have brought with them the standards and practices used by these
entities that are widely recognized as following “Good Oil Field Practice”.

The Epsilon project has progressed through a structured stage-gate process with key risks and
decisions being recorded and monitored. All typical design stage controls have been applied
(e.g. HAZOPS, HAZIDS) and concept design work was driven by QRA and ALARP principles
from the start. All design work has been undertaken by established contractors who have an
established track record of implementing similar projects successfully. Fabrication, Construction,
Installation and Commissioning activities will be managed with similar vigilance. The schedule
being followed allows for float and imposes no undue haste on the execution team.

The design of Epsilon enshrines all that is intended by “Good Oil Field Practice”. The
development’s objective is to maximize hydrocarbon extraction whilst using the minimum of
facilities that present insignificant risk to people and environment. Provisions have been
accommodated in the design for subsequent phases and further development of Prinos area
infrastructure. All attempts to ensure that local enterprises can contribute to the project and
hence share in its value have been taken.

Subsequently the same applies for the Omicron platform, destined to follow at a later stage of
development.

5.2.5.2 EBRD standards

Energean has adopted the EBRD Performance Requirements (PR) for the elaboration of
Project’s ESIA and for the implementation of the Project. Projects financed by the EBRD need
to meet the PRs during construction, operation and decommissioning. The ESIA and generally
the environmental and social assessment process are aligned to EBRD Performance
Requirements (PR), according to the EBRD Environmental and Social Policy (2014):

¢ PR1 - Assessment and management of environmental and social impacts and issues:
This PR applies to all projects directly financed by the EBRD. All relevant requirements
of this PR, and how they will be addressed and managed through the project design,
construction, operations, and decommissioning have to be identified in the
environmental and social assessment process. This project is categorised as A under
PR1 and is thus subject to a comprehensive ESIA (this document).

e PR2 - Labour and Working Conditions: The PR recognizes that the workforce is a
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valuable asset, and that good human resources management and a sound worker-
management relationship based on respect for workers’ rights, including freedom of
association and right to collective bargaining, are key ingredients to the sustainability of
business activities. The implementation of the actions necessary to meet the
requirements of this PR will be managed under the Company’s Environmental and
Social Management System (ESMS) and Human Resources (HR) System.

e PR3- Resource efficiency and pollution prevention and control: The PR recognizes that
resource efficiency and pollution prevention and control are essential elements of
environmental and social sustainability and projects must meet good international
practices and best available techniques in this regard. The implementation of the actions
necessary to meet the requirements of this PR will be managed primarily in the project
design and ultimately under the Company’s ESMS.

e PR4-Health and Safety: The avoidance or mitigating adverse health and safety impacts
and issues associated with project activities is the main scope of this PR. The
requirements have to do with the responsibilities of the Project Owner for provision of
safe and healthy conditions for their workers and the community. While the PR is
acknowledging the role of relevant authorities in protecting and promoting the health and
safety of the public, the Company has the duty to identify, avoid, minimize or mitigate
the risks and adverse impacts health and safety of the affected communities that may
arise from the project.

e PR5 - Land acquisition, involuntary resettlement and economic displacement: The
application of this PR is consistent with the universal respect for, and observance of,
human rights and freedoms and specifically the right to adequate housing and the
continuous improvement of living conditions. Certain requirements have to be
addressed during the environmental and social assessment process and generally
during the project’s lifetime.

e PR6 - Biodiversity conservation and sustainable management of living natural
resources: This PR recognizes that the conservation of biodiversity and sustainable
management of living natural resources are fundamental to environmental and social
sustainability. In this context certain requirements have to be addressed during the
environmental and social assessment process and generally during the project’s
lifetime. Also, the implementation of the actions necessary to meet the requirements of
this PR will be managed under the Company’s Environmental and Social Management
System (ESMS).

e PRY - Indigenous peoples: The term is used in a technical sense to refer to a social and
cultural group, distinct from dominant groups within national societies. This PR
recognizes that projects can create opportunities for Indigenous Peoples to participate
in and benefit from project-related activities that may help them fulfil their aspiration for
economic and social development. There are no indigenous peoples in Greece as per
the definition presented in PR7 and therefore this PR does not apply to the Project.
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e PRS- Cultural heritage: This PR recognizes the importance of cultural heritage (tangible
and intangible) for present and future generations. The aim is to protect cultural heritage
and the project to be developed in a way that will be avoidance or mitigating adverse
impacts on cultural. Certain requirements have to be addressed during the
environmental and social assessment process and generally during the project’s life.

e PR9-Financial intermediaries: This PR is applicable only when Financial Intermediaries
are appointed or are operational in a project. This PR does not apply to this Project.

e PRI10 - Information disclosure and stakeholder engagement: This PR identifies the
stakeholder engagement and information disclosure as an ongoing process which
involves: (i) public disclosure of appropriate information; (ii) meaningful consultation with
stakeholders; and (iii) an effective procedure or mechanism by which people can make
comments or raise grievances. The process should begin at the earliest stage of project
planning and continue throughout the life of the project. Also, it is an integral part of the
assessment, management and monitoring of environmental and social impacts and
issues of the project and therefore. Therefore, this PR should be read in conjunction with
PR1.

The following table summarizes the EBRD Performance Requirements (PR) and the measures
adopted by the Company as well as how those are addressed in the ESIA and in the project
design:

Table 5-3: Project compliance of EBRD Performance Requirements (PR)

EBRD PR Compliance measures adopted by Energean ’

PR1 — Assessment and The Project is classified as a “Category A Project”, according

management of environmental | to Appendix 2 of EBRD Environmental and Social Policy
and social impacts and issues | (2014). Specifically, it belongs to the sub-category of
“extraction of petroleum and natural gas for commercial
purposes” and is thus required to undergo an ESIA before a
decision on EBRD financing can be made.
Energean has established a procedure for the development
of this ESIA in line with the international regulations,
European and national legislation and according to EBRD
PRs.
The compliance measures adopted in the ESIA for the scope
and objectives of PR1 are:
= ldentification and evaluation of impacts: This ESIA
and particularly chapters 09 & 11.
= Application of mitigation hierarchy: chapter 12 of
ESIA and existing ESM.
= Environmental & Social Management System:

chapter 13 of ESIA and existing management
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systems in place at Energean, which will apply to the
Project.

= Environmental and Social Policy: The Company has
been applying an Environmental and HSE Policy
during all the years of its operation.

= Project Monitoring and Reporting: chapter 13 of
ESIA; existing ESMS.

PR2 — Labour and Working The basic requirements of PR2 is that the Project has to

Conditions comply with national labour, social security and occupational
HS laws and fundamental principles and standards embodied
in ILO conventions. It must be emphasized that Greece has
ratified most’ of ILO Conventions and generally workers’
rights are protected by the Constitution and are part of the
European Acquis. Energean is operating according the
European and national legislation for labour and working
conditions which are aligned with the requirements of PR2.

PR3 - Resource efficiency and | Energean has incorporated from the early project design

pollution prevention and phases the requirements of PR3. Generally, the objectives of

control PR3 are met by the following measures:

= Identification of project-related opportunities for
energy, water and resource efficiency improvements
and waste minimization: Pollution prevention and
control measures had been designed in early project
phase and have been incorporated in the ESIA. The
applied techniques minimize any risk, as has been
identified and addressed in the QRA (chapter 10).
Regarding water, its use is the minimal required,
since there is no process water and seawater is
used for injections and as cooling water.

= Adoption of the mitigation hierarchy approach to
addressing adverse impacts on human health and
the environment arising from the resource: All
mitigation measures are presented in chapter 12 of
the ESIA. Furthermore, for the purpose of the ESIA

7 In particular Greece has ratified:
e Fundamental conventions: 8 of 8;
e Governance conventions (priority): 3 of 4;
e Technical conventions: 60 of 177;
e Outof 71 Conventions ratified by Greece, of which 51 are in force, 21 Conventions have

been denounced; none have been ratified in the past 12 months.
(source: http://www.ilo.org/dyn/normlex/en/f?p=NORMLEXPUB:11200:0::NO::P11200 COUNTRY_ID:102658)
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a Chemical Use Plan has been developed.

= Promote the reduction of project-related greenhouse
gas emissions: The carbon emissions of the Project
will be negligible, because the only fuel combustion,
for the new platforms, will take place in the drilling
barge.

PR4 — Health and Safety The way the impacts on the health and safety of local
communicates and project workers (routine and non-routine
events) are anticipated, assessed, prevented and minimized,
are examined in a special session in the ESIA (Annex 06,
Annex 07, Annex 09, Annex 10, Annex 14). More specifically,
the compliance measures adopted by Energean are:
= General HS requirement: The HS management
system, which already existed to cover current
facilities and operations, has been expanded to cover
the new facilities as well. This is described in the
ESMMP (Chapter 13, Annex 19) and is given
separately as a separate management plan (Annex).
Also, the HS measures have been incorporated in
the relevant studies, which are part of the ESIA
(Annex 14).
= Occupational HS: The Company has been applying
an Environmental and HSE Policy during all the
years of its operation, which is in compliance with all
the European and national legislation and is aligned
with PR3.
= Community HS: The relevant studies (ie. QRA, QOil
Spill Modelling) and the Emergency Preparedness
and Response are part of the ESIA (Chapter 10,
Annex 07).
= Infrastructure, building, and equipment design and
safety: HS considerations were taken into
consideration during project the design (see par. 5.6)
= Hazardous material safety: A Chemical Use Plan, in
accordance with the Offshore Protocol, has been
developed (Annex 08).
= Services safety: n/a

4

Traffic and road safety: n/a
= Marine traffic: current exclusion zones around the

facilities ensure safety and similar zones will be
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established for the future facilities (Chapter 8, 11.
Annex 15).
= Product safety: n/a

= Natural hazards: Natural hazards were taken into
consideration during project design (see Chapter 6)
and a Marine Geophysical Survey took place (Annex
03). Other geological and tectonic hazards have
been examined in the baseline (Chapter 8.3).
Weather extremes are not anticipated in Kavala Bay.

= Exposure to disease: No endemic diseases are
present in the area. Mainly, workforce will be from
Kavala area, so the possibility of disease
transmission is negligible.

= Emergency preparedness and response: QRA, Oil
Spill Modeling etc and generally the Emergency
preparedness and response are part of the ESIA
(Chapter 10, Annex 07, Annex 18). Furthermore, a
Chemical Use Plan, in accordance with the Offshore
Protocol, has been developed (Annex 08).

PR5 — Land acquisition, PR5 is applicable only in respect to the possible economic
involuntary resettlement and displacement, through limited loss of access to fishing fields.
economic displacement The description of the fishing fields took place in par. 8.8.2,
the assessment of impacts and application of mitigation
measures are described in chapters 11 and 12, respectively.
Furthermore, the consultation with local authorities is
presented in SEP (Annex 11). Finally, Energean is
establishing a Grievance Mechanism (see Annex 11).

PR6 - Biodiversity The objectives of the PR are met through the elaboration of
conservation and sustainable | baseline studies, consideration of secondary data (Chapter
management of living natural 08 and Annex 05) and of the Special Ecological Study (Annex
resources 04). The precautionary approach was followed in project
design, by the examination of various alternative options
(Chapter 07) and through specific mitigation measures for
biodiversity (chapter 12). Special actions for biodiversity
issues are defined in the ESMS (Chapter 13, Annex 19).
More specifically, the compliance measures adopted are:
= Assessment of issues and impacts: Baseline
conditions were identified for the biotic aspects of the
marine and coastal environment, by site surveys,

sampling and bibliography (Chapter 08, Annex 04,
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Annex 05). Impact assessment and mitigation took

place (Chapters 11 and 12) and special actions for
biodiversity issues are defined in the ESMS (chapter
13, Annex 19).

= Biodiversity conservation requirements: Small part of
the existing offshore pipelines is entering a Natura
2000 Area and for that reason a Special Ecological
Study (Annex 04) was carried out. Additionally, a
Marine Ecology Study for the total project was
elaborated (Annex 05). For marine mammals
ACCOBAMS guidelines and mitigation measures
have been followed (Chapter 12). Finally, the
responsible Authority (Environmental Department)
was consulted (see SEP, Annex 11).

= Legally protected and internationally recognised
areas of biodiversity value: As mentioned above a
Special Ecological Study (Annex 04) was carried out
for the small part of the existing offshore pipelines
which enters a Natura 2000 Area.

= Invasive alien species: The issue is covered in the
Biodiversity and Wildlife Management Plan included
in the current ESIA as Annex 17.

= Sustainable management of living natural resources:
n/a

PR7 - Indigenous peoples n/a

PR8 - Cultural heritage The Project (existing and future facilities) is developed in an
offshore area. The marine area of the Gulf of Kavala, where
all offshore facilities (existing and new) are located, is well
investigated and there are no signs of archaeological findings
that could be of any interests. For the existing facilities there
is a positive opinion by the Marine Antiquities Ephorate. For
the future facilities, the same Authority will provide its opinion,
as part of the environmental permitting process.

PR9 - Financial intermediaries | n/a

PR10 - Information disclosure | Energean has applied a robust stakeholder engagement
and stakeholder engagement | strategy for institutional stakeholders, has a stakeholder
engagement plan (Annex 11) including public disclosure and
consultation activities, and has established a Grievance
Mechanism. These actions meet the objectives of PR10,

which are:
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= Outline a systematic approach to stakeholder

engagement that will help clients build and maintain a
constructive relationship with their stakeholders, in
particular the directly affected communities
= Promote improved environmental and social
performance of clients through effective engagement
with the project’s stakeholders
= Promote and provide means for adequate
engagement with affected communities throughout
the project cycle on issues that could potentially
affect them and to ensure that meaningful
environmental and social information is disclosed to
the project’s stakeholders
= Ensure that grievances from affected communities
and other stakeholders are responded to and
managed appropriately.
The engagement process during the project preparation
consisted of:
= Stakeholder identification and analysis
Stakeholder Engagement planning
Information disclosure

443

Consultation with a selection of institutional
stakeholders

The Grievance Mechanism is under development (see SEP,
Annex 11) and Ongoing Reporting will be developed.

The specific compliance measures adopted are presented in
SEP (Annex 11). Furthermore, the Company carried out a
Scoping exercise (Chapter 09), although it was not a

prerequisite of the national legislation.
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5.2.6

5.2.6.1

Emission standards and limits according to the national
legislation

Wastewater standards

The wastewater standards are defined in the Ministerial Decision E1b/221/65 “Wastewater

disposal”. The emissions standards and limits of wastewater discharged into water intended for

bathing and any other use except from water consumption are the followings:

pH 6.5-8.5

Dissolved oxygen 5mg/I

Coliforms: 0-50/1200ml

Free from floating or settle able solids, oil or sludge deposits derived from sewage or
industrial waste

Nontoxic, harmful, or hot wastewater

Moreover wastewater must be effectively sterilised before discharge into the final recipient.

Specific limits for the wastewater discharge in the Kavala Gulf are defined on detail by the

Prefecture of Kavala through a Prefectural Decision.

Table 5-4: Emission limit values for wastewater
pH 6.6 -8.5
Temperature 35°C
Floating material none
Suspended solids 70mg/l
BODs 40 mg/l
COD 120 mg/l
Greases and oils (animal-vegetable) 20 mg/l
Mineral oils - hydrocarbons 10 mg/l
Aluminium 5 mg/l
Arsenic 0.5 mgl/l
Barium 2 mgl/l
Boron 2 mgl/l
Cadmium 0.5 mg/I
Chromium Cr3* 2 mgl/l
Chromium Cr6* 0.2 mg/l
Iron 20 mg/l
Dissolved Iron 4 mg/l
Manganese 2 mgl/l
Mercury 0.01 mgl/l
Nickel 2 mg/l

@LDK
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Parameters Emission limit

Lead 0.1 mgl/l
Copper 2 mgl/l
Selenium 0.1 mgl/l
Tin 10 mg/l
Zinc 1 mgl/l
Cyanides 0.5 mg/I
Chlorine (free) 2 mg/l
Sulphites 2 mg/l
Sulphides 2 mgl/l
Fluorides 10 mg/l
Phosphorus 30 mg/l
Total Ammonia 30 mg/l
Nitrogen as N in (NOs) 3 mgl/l
Total Phenols 0.5 mg/I
Aldehydes 1 mg/l
Aromatic solvents 0.4 mg/l
Nitrogenous solvents 0.2 mg/I
Chloride solvents 2 mgl/l
Total toxic substances 3 mgl/l
Total coliforms 500 K/100ml
Fecal coliforms 100 K/100ml

5.2.6.2 Wastewater from ships, International Convention for the Prevention of
Pollution from Ships, MARPOL 73/78, Annex |, IV, V

Annex | Regulations for the Prevention of Pollution by Oil (entered into force 2 October
1983)

Covers prevention of pollution by oil from operational measures as well as from accidental
discharges; the 1992 amendments to Annex | made it mandatory for new oil tankers to have
double hulls and brought in a phase-in schedule for existing tankers to fit double hulls, which
was subsequently revised in 2001 and 2003.

Annex IV Prevention of Pollution by Sewage from Ships (entered into force 27 September
2003)

Contains requirements to control pollution of the sea by sewage; the discharge of sewage into
the sea is prohibited, except when the ship has in operation an approved sewage treatment plant
or when the ship is discharging comminuted and disinfected sewage using an approved system
at a distance of more than three nautical miles from the nearest land; sewage which is not
comminuted or disinfected has to be discharged at a distance of more than 12 nautical miles
from the nearest land.
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Annex V Prevention of Pollution by Garbage from Ships (entered into force 31 December
1988)

Deals with different types of garbage and specifies the distances from land and the manner in
which they may be disposed of; the most important feature of the Annex is the complete ban
imposed on the disposal into the sea of all forms of plastics.

5.2.6.3 Ambient air quality standards

In Greece, there are applicable statutory limit values for pollutants sulphur dioxide, particulate
matter (PM10, PM2.5), nitrogen dioxide, lead, ozone, carbon monoxide, benzene, according to
the air quality limits established in the European Union. With a series of new directives on air
pollution, the European Union adopted new limits for various air pollutants. These limits refer to
the protection of human health as well as ecosystems.

The following table lists the directives on air pollution that have been issued and the
corresponding legislation incorporating those directives into Greek law.

Table 5-5: European and National Legislation on Air Pollution

EU Legislation GR Legislation

MD 14122/549/E.103/2011 (GG
488/B/30.3.2011) Measures to improve air
quality, in compliance with the provisions of
Directive 2008/50 / EC "on the air quality and
cleaner air for Europe "of the European

Directive 2008/50/EC on of the 215t of
May, on ambient air quality and cleaner
air for Europe (repealing several

directives) . .

Parliament and of the Council of the European

Union May 21, 2008»

JMD 22306/1075/E103, GG 920/B/8.6.07)
Directive 2004/107/EC relating to Establishment of target values and detection
arsenic, cadmium, mercury, nickel and limits for concentrations of arsenic, cadmium,
polycyclic aromatic hydrocarbons in mercury, nickel and polycyclic aromatic
ambient air. hydrocarbons in ambient air, in accordance with

the provisions of Directive 2004/107/EC

Directive 2008/50/EC defines for each pollutant a limit value for the protection of human health,
and the year of entry into force. For some pollutants a margin of tolerance is given, with indicative
limit values, which apply in the meantime until the entry into force of the limit. The tolerance
decreases every year, so that it is reduced to zero by the date the new limit value is to be met.

The current legislation on air pollutants, the corresponding concentration limits and the year of
application are listed below:

Table 5-6: Air Quality limit values according to National and European Legislation
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Limit Value

Date by which

be met

limit value is to | Margin of tolerance

Carbon Monoxide (CO)

10
(mg/m?) Maxi 8 hour dailv val 1/1/2005 60%
(Directive 2008/50/EC) ' aXimum c-hour daily vaiue
Benzene (CsHs) 5
(ug/m?3) M val 1/1/2010
(Directive 2008/50/ EC) ean annuatvaiue
350
Mean hourly value, not to be 1/1/2005 150 ua/m?3 (43%
exceeded more than 24 times Hg/m? (43%)
per year
Sulfur Dioxide (SOz) 125
(Hg/m®) Mean daily value, not to be 1/1/2005
(Directive 2008/50/ EC)| exceeded more than 3 times
per year
500
Alarm limit, for 3 consecutive
hours
200
. . Mean hourly value, not to be 1/1/2010
Nltroggzn Dioxide (NO2) | gxceeded more than 18 times
(ug/m=) per year
(Directive 2008/50/ EC) 20
1/1/2010
Mean annual value
50
. Mean daily value, not to be 1/1/2005 50%
Particulates PMuo exceeded more than 35 times ’
(Mg/m3) per year
(Directive 2008/50/ EC) 40
1/1/2005 20%
Mean annual value
Lead (Pb) (ug/m3) 0,5
1/1/2005 100%
(Directive 2008/50/ EC) Mean annual value ’
120
Maximum daily mean 8-hour 1/1/2010

Ozone (O3) (ug/m?)
(Directive 2008/50/ EC)

value, not to be exceeded
more than 25 times in 3 years

180

Notification limit, mean hourly
value
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5.2.7 Alert thresholds for short term response measures

The Ministerial Decision 14122/549/E103/2011 has established alert thresholds to limit pollution
in cases where mainly due to extremely unfavourable meteorological conditions significant
increase is expected in pollution values. The thresholds for the emergency measures established
by the above mentioned decisions are related to the pollutants NO2, SOz and Os. For particulate
matter (PM1o) an alert limit is not provided by European and Greek legislation. The thresholds
for initiation of short-term response measures to address air pollution are presented below:

Table 5-7: Alert thresholds for short term response measures

Pollutant Averaging period Threshold

SO 1 hour 500 pg/m3 (")
NO: 1 hour 400 pg/m3 ()
O3 1 hour 240 pg/m3 ()

* .
(*)To be measured over three consecutive hours

5.2.7.1 Noise standards

The allowable noise limit is specified at 65 dBA at the boundaries of the installation according to
the Presidential Decree 1180/81 (article 2, Government Gazette 293 A/81).

5.2.7.2 Hazardous waste

The hazardous waste management is defined in the Ministerial Decision 19396/1546/97
(Government Gazette 604 B/18.7.97) in accordance with the EC Directives 91/689/EEC and
94/904/EEC and 96/350/EC. For temporary storage, storage, handling and exploitation, a
prefectural permission is required.

5.2.7.3 Solid and non-toxic waste management

The management of solid and non-toxic waste is defined in the Ministerial Decision
69728/824/96 (Government Gazette 358 B/17.5.96). The management of used mineral oils and
non-lead sludge is defined in the Ministerial Decision 98012/2001/96 (Government Gazette 40
B/19.1.96)
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5.3 PLANNING FRAMEWORKS (NATIONAL —
REGIONAL)

The approved National Spatial Planning Framework and Sustainable Development for the
Industrial Sector (JMD 11508 (GG 151/TAAI1/13-4-2009, "Approval of special spatial planning
framework and sustainable development for the industry and the strategic environmental
assessment”, classifies the Region in industrial zones aiming at the sustainable development
(protection of the environment, social equality and cohesion and economic prosperity).

The important point of the spatial organization of industry is the area along the Egnatia, which
includes the existing industrial poles of Kavala — Xanthi — Drama zones (intensification area) and
extended regions. New expansion regions may be present in the northern part of Greece, with
the integration of free zones in large organized receptors, such as Kavala and Alexandroupoli
ports for Free Trade Zone.

Following the Guidelines for spatial organization for industry (Annex 1), Kavala Prefecture is the
major area of oil extraction and other mining and quarrying activities that have consequently
developed the production of chemicals and non-metallic minerals industrial activities.

The spatial organization of industry is based in the southern area of Kavala region between
Egnatia Motorway and port of Kavala.

The Industrial Area of Kavala (152D/1981, GG 1465D/2003) is located within the Regional Unit
of Kavala. It is developed within an area of 2.08 km?, in the area of the settlement "Pontolivado",
northeast of the city of Kavala, on the (old) National Road Kavala - Xanthi.

The area of aquaculture shown in the draft Special Framework for Spatial Organization of
aquaculture activity (GG 2505 B / 04.11.2011) and more specifically in the area B13 and B14.
The area of the offshore development is located outside the aquaculture activity area.

The Industrial Park of Kavala was established by the Joint Ministerial Decision (JMD)
22773/1887/24-10-2005 (GG B-1466), which determined the location, extent, limits, the type of
Industrial Area, environmental terms and the entities responsible for the establishment and
implementation of the Industrial Park.

The aforementioned Special Framework for Spatial Planning and Sustainable Development for
Industry complements the already approved:

e General framework of Spatial Planning and Sustainable Development (GG
128/3.7.2008)

e Special Framework and Sustainable Development for Aquacultures (GG
2505/B/4.11.2011)

e Special Frameworks for Spatial Planning and Sustainable Development of Tourism
(GG 1138B/11.6.2009, GG 3155B/12.12.2013)

e Special Framework and sustainable Development for Renewable Energy Sources
(RES) (GG 2464B/3.12.2008);
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Finally the existing and future planned oil and gas industry related activities that are situated in
the broader area of Kavala and East Macedonia include:

e Underground storage facilities;
o DESFA pipelines;
e Trans Adriatic Pipeline- TAP and
e Gas Interconnector Greece-Bulgaria — IGB.
Finally, the oil transport pipeline of Burgas — Alexandroupoli as well as South Stream, although
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Map 5-1: National spatial organization of industry (Source: National Spatial Planning
Framework and Sustainable Development for the Industrial Sector)
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6 PROJECT DETAILED DESCRIPTION

6.1 EXISTING FACILITIES

6.1.1 Overview

Because a unified offshore permit is being sought that combines the existing facilities, which are
already permitted, with the new proposed facilities, the existing facilities have been included in
this ESIA. Note that because these existing facilities are in their operations phase, this ESIA has
considered their potential impacts to resources and receptors through the evaluation of current
baseline conditions. For this reason, the only additional activities associated with the existing
facilities that will be assessed in the Assessment and Evaluation of Environmental and Social
Impacts Chapter will be those that have not yet occurred: any unplanned events such as large
oil spills and abandonment. Note that specific abandonment activities for the existing platforms
and pipelines are discussed with the abandonment activities for the new facilities.

Energean is currently engaged in the exploration, production and exploitation of hydrocarbons
as per the concession agreement ratified by the Greek parliament with Law 2779/1999 (as
amended by the ratifying Laws 4135/2013, 4296/2014) covering the offshore areas of Prinos
and South Kavala situated within the Gulf of Kavala, Greece.

To date eight separate hydrocarbon deposits have been discovered in the Gulf of Kavala. Three
of these (South Kavala, Prinos and Prinos North) are in production. Epsilon has been appraised
and is ready to be developed. These deposits contain a wide variety of hydrocarbons. South
Kavala contains sweet lean gas with a small volume of API 61 condensate. API refers to an
American Petroleum Institute rating system for the density of the hydrocarbon. Two unappraised
discoveries (Athos and Zeta) contain light sweet oil and associated gas. The remaining fields
contain sour crude (crude oil with high hydrogen sulphide content is referred to as sour crude)
and associated gas. Sour crude quality varies from 37 API in Epsilon, through 28 API in Prinos,
21 in Prinos North and 12 in Amotheus. Amotheus sits outside the area operated by Energean
and is the only discovery in the Nestos sub-basin.

Initial processing of the produced reservoir fluids is conducted on the offshore Prinos Complex,
primarily the Delta platform. Oil, water and gas are separated in a single stage of separation.
Produced gas is dried before flowing under available pressure energy to shore for further
treatment. Produced crude oil is dehydrated and then pumped to shore to ensure no gas
breakout occurs in the pipeline. Produced water is treated and cleaned (of oil and hydrogen
sulfide) before being discharged to sea at the seabed in line with environmental permit conditions
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and set limits. On the Prinos Complex there is also equipment to abstract seawater, treat it and
inject it into reservoirs in order to maintain reservoir pressure. There is also equipment for
compressing sweet gas in the wells to assist production, the technique known as gas lift. Partially
processed oil and gas are sent to the onshore Sigma plant processing facility via pipelines for
further processing and export. Electricity is sent to the offshore complex via two (2) independent
medium voltage submarine cables.

The Prinos Complex is made up of four platforms. Alpha and Beta are production or drilling
platforms each containing twelve (12) drilling slots, that can be used for production or injection
wells. Delta platform contains all of the processing equipment and the control room. A small
jacket bridge linked to Delta contains a remote flare. The Prinos North field is exploited via an
Extended Reach Well drilled from Alpha platform. South Kavala is exploited via a production
platform identical to Alpha and Beta. This platform contains two (2) wells plus equipment to
compress and dry produced gas. South Kavala platform is unmanned and operated remotely
from Delta.

Kappa platform is located in the Gulf of Kavala, above the sweet (no hydrogen sulfide content)
natural gas deposit of South Kavala, 12 km to the southeast of the Prinos platforms complex.
Currently the Kappa platform is produced intermittently.

Partially processed oil and gas is transported through submarine pipelines to the onshore plant,
called Sigma plant. The Sigma plant includes units for 1) converting produced sour gas to sweet
gas producing sulfur by a chemical reaction of hydrogen sulfide, 2) for the dehydration,
desalination, stabilization and storage of the produced crude oil and 3) facilities in order to safely
load treated oil to tankers.

It is noted that for the current operations described there is a prohibition area of 500 m radius
over the pipeline routes and the platforms. This is presented in the official naval charts (map
below), where a total area of 39.71 km? is defined as an exclusion zone for all marine activities.

Moreover, power and gas are currently imported into Sigma from national infrastructure. Sigma
is equipped with a 17 MW power plant but is not operated as all produced gas is used for steam
production at Sigma and for gas lifting offshore production wells. If gas production increases
significantly, excess gas will either be exported for sale purposes or used for Sigma's energy
requirements. Stabilised crude is loaded to tankers through Energean’s own offshore loading
terminal that lies in a distance of about 3 km to the south of Sigma. Sulphur is sold locally.
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6.1.2 Hydrocarbon extraction

The reservoir is a geological structure consisting of high porosity rock (commonly sandstone)
covered by impermeable rocks (shales or evaporates). Hydrocarbons are located within the
porosity of the formation at relatively high pressures and temperatures such that there is often
no separation between gaseous and liquid phases (depending on the hydrocarbon fluids phase
behaviour). Gas is liberated from the oil as the hydrocarbons flow to surface and the pressure
declines. In an oil field produced gas is commonly referred to as Associated Gas (or AG). In a
gas field where no oil is present it is referred to as Non-Associated Gas (or NAG).

Hydrocarbons are extracted from a reservoir by wells. A well is effectively a series of pipes of
reducing diameter that are cemented into place. A Drilling Rig is used to construct a well. Drilling
rigs can be mobile (move from location to location) or fixed (dedicated to a particular
structure/field). The existing facilities include wells that have been drilled historically, but there is
also ongoing drilling of new wells in these locations, which have already been permitted and
assessed in an EIS.

The total number of personnel working onshore is 146 and the total number of personnel working
offshore is 90 employees. 3 shifts, each working for 8 hours during the 24 hours day operations.
The day working personnel is supported by 31 contractors working in the plant on a permanent
base. The offshore crew changes are carried out by the company’s crew boats and the onshore
crew changes by busses.

6.1.3 Platform ‘Kappa’

Kappa platform is located in the Gulf of Kavala, above the sweet (no hydrogen sulfide content)
natural gas deposit of South Kavala, 12 km to the southeast of the Prinos platforms complex.
The deposit is located at a depth of 1,700 m; produced gas has a methane content (CHa)
exceeding 80%.

The Kappa platform is a 4-legged steel jacket equipped with two (2) decks. Sea depth at the
point is reaching 52 m.

Kappa hosts two wells (SK-3B, SK-4) which are located on the lower deck and processing
equipment mainly on the lower but also on the upper deck.

Gas from the Kappa wells flows to a horizontal separator where free condensate is removed.
The gas is then compressed to 12 bar by a screw compressor and cooled and condensed liquids
removed in a discharge separator. Gas is then passed through a glycol contactor to remove
water. The combined gas and condensate production stream flows multi-phase to Prinos Delta
where it mixes with dried sour gas from that facility. Small quantities of water are removed on
Kappa. Entrained condensate is separated by gravity in a skim pile before water (about 150-
200It/d) is discharged to sea.

The process flow diagram (PFD) 523-2700-P-002 is presented in Annex 2.

A small gas compressor (C-666 B) also assists the production and transport of natural gas by
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increasing the pressure gradient between the separator (V-171B) and the pipeline (12 and 8 bar
respectively). For this operation, there are two generators of 440 KW each (one in operation and
one on standby mode).

Kappa is operated remotely from Prinos Delta, without the presence of any local personnel. The
two platforms are connected with a 6” submarine pipeline with a length of 12 km, transporting
sweet dehydrated natural gas to Delta upper 20-30 bar operating pressure.

Currently the Kappa platform is produced intermittently. Average production length is about 10
days per month, with durations being longer in the summer months and shorter in the winter.
Energean is reviewing options to bring Kappa back into full production.

The operational license for the South Kavala field expired in November 2015. The Greek
government is examining options to convert the field into a site for gas storage. It is
expected that Energean will be request to manage and maintain the facility and hence
although it is not a core asset has been covered by the current EIS.

Focus has been on the fields and facilities containing sour crude as these have
significantly more potential for causing environmental impacts than alow-pressure sweet
gas field with little free liquid content.

Photo 6-1: Kappa platform

6.1.4 Platforms ‘Alpha’, ‘Beta’ and ‘Delta’

The Prinos deposit is located in the Kavala Gulf, approximately 8 km to the west - northwest of
the Prinos lighthouse of the island of Thasos, at the southern edge of the Kavala Bay and
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approximately 18 km to the south of the city of Kavala.

It is a crude oil deposit with dissolved sour natural gas, which means that the deposit has a high
content of hydrogen sulfide. This toxic gas and the presence of water, gives corrosive properties
to the produced liquids and, in low temperatures, it contributes to the formation of hydrates.

The specifications of the materials that have been used for the construction of the equipment
are such that they have the ability to limit the corrosive action of the hydrogen sulfide to a
minimum. In addition, all safety equipment of the platforms and the personal safety measures
for the personnel have been designed taking into account the presence of hydrogen sulfide, in
order to limit and mitigate all possible risks.

The Prinos platforms complex comprises:

e Two production platforms - Alpha and Beta, each one having slots for 12 wells. These
platforms have been designed so that they can house Energean’s drilling, work-over
and service rigs. Alpha has been recently upgraded to allow it to host the Drilling
Equipment Set of Energean’s tender assisted drilling barge, the ‘Energean Force’.
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Photo 6-2: Platform Alpha
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Photo 6-3: Platform Beta

e One processing platform - Delta, where the following procedures are performed:

=
=
=

Separation of the production phases - sour crude oil, water and natural gas;
Dehydration of the crude oil via electrostatic separation;

Transport of sour crude oil to the land facilities by means of a pump and an 8”
submarine pipeline;

Dehydration of sour natural gas with triethylene glycol (TEG);

Transport of sour natural gas from the platform Delta to the land facilities, via a
submarine pipeline with a diameter of 127,

Processing of the water produced (removal of hydrocarbon residues and removal of
hydrogen sulfide) and disposal at sea;

Injection of sea water into the Prinos reservoir, in order to maintain pressure;
Compression of sweet gas transported offshore from Sigma to be used as gas lift in

the Prinos wells.
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Photo 6-4: Platform Delta

Alpha and Beta, as well as the flare structure, are connected to Delta via bridges. These support
the pipelines and provide for access to the personnel. The platforms are equipped with all
required support systems for proper and safe operation. Power is supplied to the platforms from
the land facilities via two submarine cables, each one of which being able to cover the needs of
the platforms.

The Prinos Complex has no permanent accommodation. Due to high levels of H2S content in
the deposits and the potential risk in the event of a release, staff sleeping offshore would be
subject to unacceptable levels of risk. All staff instead is based onshore transferring to the
platforms as dictated by their work shift. Boat transportation is used instead of helicopters to
minimize risks. Production staff is split into 5 teams that cover a full 24-hour period in three
shifts. Each team comprises 10 people. Maintenance work is undertaken on day shifts only
Monday to Friday. Maintenance staff travels to and from shore as required.

Energean’s tender assisted barge, the Energean Force, contains accommodation for 126
people. The accommodation unit is located approximately 100m from the platform complex in a
location that cannot be impacted by H2S releases. The accommodation module is pressurized
with air inlets protected by CH4 and H2S monitors and automatically closing louvres. All staff
carries personnel BA equipment in case of emergency. Drilling staff work 12-hour shifts either
for 28 days on / 28 days off or 14 days on / 4 days off.
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6.1.4.1 Platform “Delta” topside facilities
6.1.4.1.1  Separation of the three oil phases

Three, three-phase separators are located on the upper deck of the Delta: V-101A & B and V-
107. V-101A & B separators are operated in parallel and effect primary separation of the
combined Alpha and Beta production stream; V-107 is a test separator and is used periodically
to evaluate the production of individual wells. The test separator is equipped with instruments
for measuring the flow of gas, crude oil and water. Tests can be performed without effecting
flow from the other wells. The separators operate at a pressure between 12 and 17 barg and a
temperature of 80°C.

Since separation in the 1%t stage separators is not perfect, further processing at Delta is
necessary. The factors that do not allow perfect separation in the first place are:

e Existence of crude oil/water emulsions, contained in the crude oil phase;
e The separated natural gas is saturated with water vapor;

e The separated produced water is saturated with hydrogen sulfide and contains
hydrocarbon droplets.

The process flow diagram (PFD) is presented in 523-2000-P-002A in Annex 2.

6.1.4.1.2  Crude oil dehydration

The dehydrator V-102 is located on the middle deck of Delta; flow to this vessel is by gravity
from the 15t stage separators located on the upper deck.

Separated crude oil and emulsions are transported to V-102. Demulsifier chemical is added at
the entrance of V-102, while an anti-corrosive agent is added at the exit (for the protection of the
8” pipeline from internal corrosion). The dehydrator operates under a pressure between 12.5
and 17.5 bar (g) and a temperature of 80°C.

Produced water remains in V-102 for approximately 30 minutes, while the crude residence time
is 40 minutes. This is a sufficient period to allow the emulsions to be broken. Following
dissipation of the emulsions water droplets agglomerate and sink to the bottom, whereas the
crude oil rises to the oil layer. The method used for the separation is electrostatic separation.

Crude oil is transported from the dehydrator to the land facilities by means of two centrifugal
pumps, (one is a backup pump), through a submarine 8” pipeline, with a length of approximately
18 km.

The process flow diagram is presented in 523-2000-P-002A in Annex 2.

6.1.4.1.3 Dehydration of sour gas

The gas separated in V-101A & B and V-107 (when in operation), is transported to the sour gas
dehydration unit, where water is removed. This takes place in order to avoid any issue with
internal corrosion of the 12” submarine gas transport pipeline, as well as in order to avoid any
issues caused by blockage of the pipeline due to the formation of hydrates.
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The gas dehydration process includes the following stages:
e Cooling of the gas at 50°C with the air coolers E-101A & B;

e Collection of concentrates in the container V103A and redirection of the concentrates,
by the pumps P-103C & D, to the separators V-101A & B;

e Absorption of the water at tower V-104, where the incoming gas comes into contact with
glycol (TEG);

e Recovery and recirculation of the glycol (low pressure separator V-109, filters F-104A &
B, reboiler E-102, warm/cool glycol exchanger E-103, recirculation pumps P-105A & B
and air cooler E-104).

Following dehydration, the sour gas is mixed with the sweet gas from the Kappa and, flows via
the 12” submarine pipeline (without compression) to the shore facilities.

The process flow diagrams are presented in 523-2000-P-002A and 523-2000-P-002B in
Annex 2.

6.14.1.4 Treatment of produced water

Produced water from separators V-101A & B and V-107 is transported to de-oiler M-111. This is
a horizontal vessel (diameter of 1,850 mm x 7.625 mm length) that performs the following
functions:

e Separation and removal of small gas and hydrogen sulfide quantities, which are
generated as the water flashes from the high pressure of the separators to atmospheric
pressure of the de-oiler;

e Separation of oil droplets from the water via gravity and with the help of special
agglomerating plastic nets;

e Collection of oil and removal to the oil collector M-166;
e Removal of water and transfer to the second in-line de-oiler, M-111 B.

The agglomerating part of the de-oiler provides a large contact surface, where the oil droplets
attach, join each other, rise to the surface and create an oil layer. The oil is collected in the oil
collector and from there it is transported to the oil collector M-166 and, subsequently, to the oily
water and oil collection vessel V-133.

When a sufficient amount of liquid is collected, the automatic level monitoring system activates
one or both pumps, P-133 A & B, depending on the level, which returns the liquids from V-133
to the entrance of separators V-101 A/B.

Water from the coalescence section of the de-oiler is transported to the quiescent zone at the
back of the vessel, where any oil droplets are separated through the force of gravity and
subsequently it is transported to the hydrogen sulfide stripper V-111.

Despite the fact that the first de-oiler M-111 normally achieves full retention of oil, a second de-
oiler is installed in series, of a similar design but with significantly larger capacity, the M-111B
de-oiler (diameter 2,700 mm x 6,650 mm length) operates at zero pressure. The second in-line
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de-oiler M-111B safeguards the water discharge quality should any mal operation of the
upstream separation equipment occur. In normal operation no oil is removed from this vessel.

The capacity of the two de-oilers, currently installed in series, is 164 m3/hr (3,936 m?/d). The two
de-oilers can operate in parallel with a total capacity of 238 m3/hr (5,712 m3/d).

The hydrogen sulfide stripper V-111 is a tower with a height of 30 m with 35 trays, and operates
at an almost zero pressure and at a temperature of 77°C. Residual hydrogen sulfide is removed
from the produced water in this tower.

Hydrogen sulfide removal is achieved by means of a sweet natural gas stream. The addition of
hydrochloric and citric acid at the entrance of the stripper, contributes to the removal of hydrogen
sulfide and the avoidance of the formation of scale inside the stripper.

The stripper has been designed for a total produced water rate of up to 100 ms/hr (2,400 m3/d).
When the produced water exceeds 100 m3/hr, the excess quantity of produced water is directed
immediately to the skim pile M-164, after having passed through the de-oilers M-111 and M-111
B. Currently and in the future, the quantity of produced water does not exceed 100 mé/hr.

The high capacity and the good performance of the de-oilers of platform Delta (M-111, M-111 B)
means that the water produced at the exit of the de-oilers - which subsequently enters the
stripper V-111, contains minimum residue of hydrogen sulfide, which can, in turn, be removed
at the separator M-164 (skim pile) and the subsea settlement tank TK-164, where the treated
water ends up. This fact permits the avoidance of the operation of the stripper V-111 when water
flow is low.

The produced water injection system is designed to reduce the concentration of oil in water to
10 ppm. Routine sampling is undertaken to confirm that this level is achieved. The actual
concentration of water discharged to the sea is somewhat below this level as due to residence
time in the skim pile and subsea settlement tank additional oil droplets coalesce and segregated
oil pumped back to the platform.

The process flow diagrams are presented in 523-2000-P-003, 523-2000-P-045A and P-045D in
Annex 2.

Photo 6-6: Skim pile M-111B
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Photo 6-7: Stripper V-111 Photo 6-8: Skim pile M-164

6.1.4.15 Sea water injection system

Seawater is injected to the Prinos reservoir in order to maintain pressure, and hence increase
recovery rates. This assembly comprises the following equipment:
e Sea water suction pumps P-121 A/B/C/D, with a capacity of 135 m3hr each, with a

differential pressure of 9.5 bar;

e Filtering system, which includes three first stage filters S-121 A/B/C, two sand filters of
dual flow, the F-121 A/B, and two filters F-122 A/B, equipped with customized special
filtration cartridges that allow retention of up to 5 microns;

e In order to control development of marine organisms, chlorination systems are used
(hypochlorite generators CH-121 A/B) and supply of special biocides;

e One vacuum degassing tower DA-121, which removes the oxygen and the carbon
dioxide dissolved in the seawater, protecting the pipelines and the piping of the
production and the injection wells from corrosion.

e Auxiliary seawater injection pumps P-118AA and P-123 AA/BB/CC and main injection
pumps P-123 A /B/C, with a capacity of 100 m3/hr each one, with a final discharge
pressure 290 barg.

The process flow diagram is presented in 523-2000-P-008 in Annex 2.

6.1.4.1.6 Gas lift system

Prinos wells require artificial lift to enable them to produce to surface. To date gas lift has been
used for artificial lift on Prinos. A gas lift system was retrofitted on the facility in the early 1990’s
as reservoir pressures fell and water cuts increased.

Sweet gas from Kappa or from the onshore facilities is used in the gas lift system. Injection is
normally at 125 bar, though when kicking off wells the pressure can be increased to 178 bar.

The gas lift system comprised the following five (5) compressors and the respective gas
distribution network to the production drills:

e (C-121: Test gas lift compressor with a supply of 1,120 Nm3/hr
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e (C-122: Kick-off gas lift compressor with a supply of 1,120 Nm?3/hr

e (C-123: Main gas lift compressor with a supply of 8,956 Nm?3/hr

e C-124: Kick-off gas lift compressor with a supply of 1,532 Nm?3/hr

e (C-125: Main gas lift compressor with a supply of 8,043 Nm?3/hr
The process flow diagram is presented in 523-2000-P-002C in Annex 2.

6.1.4.2 Platform “Delta” support systems
6.1.4.2.1  Cooling water system

Cooling water requirements of motors with radiators are satisfied by the use of seawater, drawn
by the pump P-171.

In addition, cooling water may be taken from the firefighting water system, from pumps P-161,
P-162 and P-163 D. Finally, water may be supplied to the platform Delta from the Valiant Energy
supply vessel, with the use of its own pump.

The water from the radiators discharges directly to sea.

Table 6-1: Water use

Average consumption (m?/d) Maximum consumption (m?/d)
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Usage 1 2 3 4 5 6 7 8 9 10 11 12
Process - - - - - - - - - - - -
Cooling - - - - - 1,200 - - - - - 1,440
Injection - - - - - 1,500 - - - - - 3,000
Potable 10 - - - 10 - 15 - - - 15 -
Total 10 - - - 10 | 2,700 15 - - - 15 | 4,440

The process flow diagrams are presented in 523-2000-P-040, P-041 and P-041A in Annex 2.

6.1.4.2.2  Fuel gas system

Natural gas is consumed at Delta:
e By the glycol reboiler for the dehydration of sour natural gas;
e By the produced water stripper V-111;
e By the flare in order to ensure safe operation (pilots and purge);

Gas consumed is sourced either from the inlet line from Kappa or from the line from shore
feeding the Prinos gas lift system.

Total gas consumption is presented in the table below (fuel consumption).
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6.1.4.2.3 Diesel fuel system

Diesel is stored in the interior of the southeastern leg of Delta. The tank has an internal diameter
of 1 m, a height of 7.6 m and a capacity of 5.8 m2.

It is equipped with a ventilator, a draining system, an overflow, a level sight glass and high and
low level switches that activate the respective alarm. The ventilation system consists of a 2” line,
a flame catcher and an open-air vent.

Table 6-2: Fuel gas system

Consumption

Production SICE!
Fuel type . Other usages Total (tons /
(tons / month) generation
(tons / month) month)
(tons / month)
Gasoline - - - -
Diesel - - 79 79
Fuel oil 1,500” - - - -
Fuel oil 3,500” - - - -
LPG - - - -
Coal gas - - - -
Natural gas - - 67 67
Solid fuels type - - - -

The process flow diagram is presented in 523-2000-P-002A in Annex 2.

6.1.4.2.4 Instruments air system

The platform instrument air system comprises three, two stage compressors used, with a
capacity of 295 and 370 Nm3/hr. Each compressor has the capability to cover the needs of the
platform independently.

They share an air dryer system.

6.1.4.2.5 Potable water system

The potable water system supplies water to the taps and the eye-washers at each of the
platforms. It also supplies water for rinsing the air nozzles at the degasser of Delta. The system
includes filling lines, pumps, pressure container, distribution lines and relevant instruments.
Potable water is delivered to the platform complex by boat and is bunkered into dedicated
storage tanks. Water in the tanks is treated with UV radiation to minimize bacterial growth.
Energean’s supply boats have dedicated storage tanks for the transfer of potable water. Water
is supplied to the boats at the Sigma plant. This water is from the local government distribution
system.
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6.1.4.2.6  Breathing air system
Specific muster stations exist on all platforms for emergencies, such as hydrogen sulfide leaks,
fire, etc. These stations are equipped with 50 It / 200 bar (g) breathing air cylinder assemblies.

In emergency situations personnel muster at these stations donning their personal breathing
apparatus. These cascade systems allow personnel to connect their personal breathing
apparatus and have breathing air for a longer period of time, as well as to refill their personal
cylinders.

The available capacity of the cascade system is sufficient for the correction of any problems or
the evacuation of the platform and the removal of all personnel.

In addition to the fixed breathing air systems, the platforms are also equipped with a large
number of independent devices lasting for 30 minutes, in the event of intervention - rescue.

6.1.4.2.7  Storing and handling of hydrochloric acid
Hydrochloric acid is stored in the V-114 tank, which supplies acid to the produced water line at
the hydrogen sulfide stripper V-111.

The acid is handled by means of three portable hydrochloric acid storage containers (V-803, V-
808, and V-811), which are mounted on the “LIMIN PRINOS” barge.

The process flow diagram is presented in 523-2000-P-019A in Annex 2.

6.1.4.2.8 Emergency generator

A diesel emergency generator is permanently connected to the power network of the Prinos
platforms. This starts automatically in case of a power outage at the platforms. It turns on
automatically if voltage is lost at the 400 V bar and it is ready to supply power to selected pump
motors and all uninterruptible power supply systems (UPS).

The generator is driven by a diesel motor, with a power of 135 KVA and supplies power to the
following systems:

e One instruments air compressor;

e One firefighting water electric pump;

e The diesel fuel transport pump;

e The uninterruptible power supply systems (UPS) of the platform;

e The positive pressure conservation system at the housing of the generator itself.

6.1.4.2.9 Power supply substation / network

Power is supplied to the electric network of the platforms via the onshore substation and the two
submarine cables at a voltage of 20 KV. At Delta the voltage is transformed to 6.3 KV and
subsequently to 400/230 V.

Four uninterruptible power supply systems (UPS) are located on Delta each with a power of 7.5
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KW, they operate under 24 VDC, 110 VDC, 110 VAC, and 230 VAC voltages, supplying power
to control instruments, the emergency shutdown system, all local switches and the emergency
lighting system, respectively. They provide independence for at least 2 hours, in order to allow
the emergency generator to start, which normally requires a few seconds and provides powers
to the UPS chargers.

Power is supplied to the navigational aids of platform “Delta” through a different batteries
assembly, with an independence of 8 days.

Table 6-3: Power consumption

Installed power 8,000 KW
Maximum power demand 4,000 KW

. ‘ 96,000 KWh/d
Average power consumption ‘ 5 900 MWh / "
, mon

Mains voltage (low / medium) ‘ 0.4/6.3 and 20 KV

6.1.5 Submarine hydrocarbon pipelines

The company uses four pipelines for the transport of hydrocarbons as follows:

e Submarine pipeline with a diameter of 6” and a length of 12 km for the transport of sweet,
dehydrated gas from platform “Kappa” to platform “Delta” (operating pressure 8-12 bar
9);

e Submarine pipeline with a diameter of 12” and a length of 18 km for the transport of
sour, dehydrated natural gas from platform “Delta” to the land facilities (operating
pressure 8-12 bar (g));

e Submarine pipeline with a diameter of 8” and a length of 18 km for the transport of sour,
dehydrated sour crude oil from platform “Delta” to the land facilities (operating pressure
25-60 bar (g));

e Submarine pipeline with a diameter of 5.3” and a length of 18 km for the recirculation of
sweet natural gas from the land facilities to platform “Delta” for injecting gas to the
production drills (operating pressure 20-35 bar (g)).
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Map 6-2: Existing submarine pipeline connections between offshore facilities and offshore —
onshore facilities

The submarine pipelines for the transport of sour crude oil and sour natural gas are equipped,
at both ends, with special type ‘Axelson’ valves, which automatically shut off when the pipeline
pressure drops below a predetermined value, protecting thus the sea from any possible leak of
oil or gas, in case of partial or total breach.

In addition, automatic valves are installed, which can automatically isolate the pipelines using
independent low-pressure switches. In the case of the sour natural gas pipeline, the isolation of
the pipeline in the event of low pressure is followed by the transport-controlled combustion of
the content pipeline at the flare.
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The current pipelines are coated with concrete over their full length for protection from corrosion
and external impacts. Close to the platform complex the lines are covered with rock for additional
protection from dropped objects including the anchors of the supply boats that approach the
platforms. In water depths below 20m (from a location approximately 7 km north of Deltra
platform to shore) the lines are buried for additional protection from small boat anchors and
trawler “boards”. The oil and sour gas pipelines have been designed so that they can be
intelligently pigged to allow internal condition to be assessed. Energean is planning to
intelligently pig these lines next in 2016. Previous surveys have shown minimum corrosion. An
exclusion zone has been established to prevent fishing over the pipelines but this is not strictly
enforced by the local authorities. Routine external inspections of the non-buried sections have
identified minor damage to the concrete coating in the past caused most likely by trawler boards.
When damage is identified the concrete coating is repaired by divers. No failures of the pipelines
have occurred to date due to external impacts.

6.1.6 ‘Limin Prinos’ barge

The enterprise is supported by the towable barge ‘Limin Prinos’, with a length of 54 m, a width
of 15,54 m and depth of 3 m.

It is equipped with fifteen compartments (tanks) with a capacity of 150 m2 each. Four of them
always remain empty, six of them contain water and the remaining five serve the platforms Alpha
and Beta, when repair or cleaning activities are performed at the wells, in addition at Delta, when
vessel cleaning activities take place.

The barge is equipped with a small gas / liquid separator from which flashed gasses are routed

via flexible pipe to the Prinos complex flare. Vapors from the fixed compartment are passed
through a caustic scrubber to remove hydrogen sulfide before being vented to atmosphere.

Liquid waste is transported from the platforms to the land facilities by the barge for treatment at
the existing plant approximately 12-15 times per year (in total 5,000 to 8,000 m?3 per year).
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6.2 FUTURE FACILITIES

Energean intends to increase oil production from its Prinos concession area by implementing
the Prinos Area Development Strategy that includes execution of the Prinos Area Development
Project. The relevant Field Development Plan comprises the following elements:

o Development of a drilling resource;

e Infill drilling in the Prinos field,;

e Obtain sub-surface data to underpin subsequent development areas; and

e Develop the Epsilon satellite field (with one platform - Lamda).
Further potential activities including the installation of a second platform at Prinos North
(Omicron) will depend on interpretation of the newly acquired 3D seismic, data gathered from
the ongoing infill campaign as well as studies to investigate the EOR potential of Prinos.

In the following paragraphs, the approach taken for the development and the equipment
foreseen to be installed will be described.

6.2.1 Overview

For the development of the new Oil Fields (satellite fields), the plan currently foresees the
installation of Self-Installing Platforms (SIP2s) in two different project execution phases. During
the first firm phase, the Lamda platform will be installed at the Epsilon field. Subsequently, the
Omicron platform might be installed south of the Prinos North field. The two platforms will be
essentially identical. The second phase has yet to be approved by Energean as discussed
above.

Each SIP2 will be a Normally Unattended Installations (NUI) and thus will contain a base
minimum of equipment.

During the development of Epsilon, the Lamda platform will be installed and production drilling
will begin. Production flow will be directed to the Delta complex. Gas lift and water injection will
not be required initially however relevant pipelines and facilities will be pre-installed.

In total five production and four injection wells are envisaged in the P50 (including deeper
volumes) case. If deeper volumes are not proven then two less wells would be required (i.e. 4
producers and 3 injectors). The base plan envisages use of water injection for pressure support.
All water injection wells will be back produced initially. This will increase early production rates
as well as providing an area of lower pressure into which water can be injected with existing
pumps. The facility has been designed to enable conversion of the production wells from gas lift
to ESP lift at some point when pressures and water cuts have stabilized. Room for a gas injection
compressor has also been allocated should a sour WAG scheme be implemented in the future.
The platform will be equipped with a spare set of risers to enable a subsequent satellite
(notionally Athos) to be tied back to Delta via Lamda.

The Prinos North area may also be developed in a second phase via an identical SIP2 structure.
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This platform, designated Omicron, would be connected back to Delta via a multiphase
production line and a power/chemical utility umbilical and to Lamda for the gas lift line and water
injection line. The production line will tie in to the production line coming from Lamda to Delta
just prior to connection of this line to the Delta riser.

The Prinos oil field reservoirs and planned development layout for Prions area are presented in
Annex 2.

The Project Area for the assessment of new facilities is provided in Chapter 1, Introduction.
The Project consists of the following planned and potential installations:
e Planned new Installations in Epsilon Field comprise the following:
= Lambda Platform — SIP2 type (Self-Installing Platform 2) and attendant equipment
(topside facilities)
= Connection of Lambda Platform with the existing Delta platform through offshore
hydrocarbon pipelines (buried)

= Umbilical between Lambda and Delta Platform transporting power, data and
chemicals

= Modifications to Delta Platform

e Potential new Installations at Prinos North Area (later project phase) comprise the
following:

= Omicron Platform — SIP2 and attendant equipment (topside facilities)

= Connection of Omicron Platform to existing Delta Platform, through offshore
hydrocarbon pipelines (buried)

= Umbilical between Omicron with the existing Delta Platform

The new installations and the Field Layout are provided in diagrams 293902-SPL-SUB-DR-
90100-001/002/003 presented in Annex 2.

Similarly to what is currently defined as a prohibition area of 500 m radius over current operations
(existing operating facilities in place), the same is expected to be designated for the new
additional facilities. Therefore, before the construction of the project, a Navigation new exclusion
zone will be defined in collaboration with the Naval Authorities (Port Authority and the Coast
Guard under the supervision of the relevant Ministries).

Based on the above, the new planned facilities and the potentially further developments are
expected to define an additional area of 8.67 km? which when added to the existing ones
(excluding overlaps) it will confine a total of 46.34 km? (conditional to the naval authorities’
decisions).

6.2.2 Project time schedule

6.2.2.1 Overview

The Prinos Area Development project commenced in Q3 2013 when an initial conceptual design
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contract was awarded to Exodus (UK) to investigate options for developing the Epsilon field.
Exodus proposed a traditional jacket structure with interconnecting pipelines tied back to Delta.
Due to the remote nature of Greece and hence the high cost of mobilising support vessels from
the North Sea or Persian Gulf, the installation costs associated with such an approach were
higher than the fabrication costs. Wells were assumed to be drilled from a hired jack-up.

In early 2014 Energean’s technical staff reviewed the Exodus base proposal internally. Options
to use move novel platform structures and pipeline installation techniques were investigated.
The use of conductor supported platforms, self-installing floating towers monopoles, suction
piles etc. were examined. As well as providing significant installation cost savings these
approaches also opened up the possibility of employing Greek contractors for significant
elements of the scope. With the financial down turn in Greece this represented an opportunity to
benefit the local economy and also obtain lower construction costs.

In parallel options to drill the required wells were investigated with the eventual purchase of the
Energean Force barge in Q3 2014.

This new drilling facility was upgraded and refurbished between October 2014 and June 2015.
In parallel the Prinos Alpha platform was modified to allow the Energean Force DES to be
installed. The rig was moved to and rigged up on Prinos Alpha during summer 2014 and drilling
commenced September 2014.

FEED work associated with the Lamda and Omicron platforms to be installed at Epsilon and
Prinos North respectively, commenced during Q4 2014. This work continued through to the end
September 2015. Two sub-structure options were examined in detail with SPT’s SIP2 design
being selected narrowly ahead of GMC’s SIFT. Both represented significant savings over a
traditional approach. The SIP2 design was finally adopted as it was seen to offer lower
installation risk. The SIFT design was seen to be better suited for slightly deeper waters.
Detailed design contracts for topside and sub-structure work were awarded October 2015. Work
on the Omicron platform ceased at the end of FEED. Omicron was taken through FEED even
though it has yet to be sanctioned as this provided significant cost advantages compared with
undertaking a separate FEED later. It ensured that both platforms could be identical.

Work to identify potential local fabricators of the topside, substructure, pipelines and umbilicals
commenced at a very early stage of the concept work. A number of well-managed, experienced
companies have been identified over the last 18 months and some of these have been awarded
small work scopes associated with the upgrade of the Prinos platforms and the tender barge. A
comprehensive contracting strategy was developed late 2014 in parallel with FEED work. This
was structured to ensure local companies could compete whilst ensuring bids could also still be
attracted from foreign entities.

Currently the Epsilon development project is progressing through detailed design. Good
budgetary estimates have been obtained demonstrating the significant cost reduction potential
of using Greek enterprises. Geophysical and geotechnical studies have been undertaken to
define final platform location and confirm pipeline routing. A small, well experienced, Project
Management team is in the process of mobilization. Work to finalise the safety and
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environmental risk elements of the project are well advanced allowing the ESIA to be prepared
ready for submittal to the Greek authorities in early March 2016. Approval of the ESIA and issuing
of permits is expected by end of June 2016.

Detailed design is planned to last 6 months, completing end Q1 2016. In parallel the major
contracts will be tendered. Contracts will not be awarded until detailed design is complete
ensuring no changes in work scopes post award. Where possible lump sum bids will be sought.
Transportation and installation contracts are being negotiated with SPT, the sub-structure
designer, so as to minimize risks during these critical periods. Procurement will commence
following detailed design subject to final funding. Construction and fabrication for the main
elements is forecast to be between 6 to 9 months and hence these contracts need to be awarded
June 2016 for a January 2017 installation or 4 months later for an April installation. Final
installation date will be driven by the number of wells to be undertaken in the Prinos Alpha
campaign.

By using the SIP2 design and by installing the pipelines by the towed method from a shore
construction site, the installation fleet required will be very small. Required vessels are located
in Greece and hence there is no urgency in identifying a firm installation window. The SIP2 is
relatively insensitive to weather conditions during installation.

The potential for delaying installation to April introduces significant float into the schedule that
will allow risk levels to be reduced and should result in further cost reductions. There is an
opportunity to refine the design based upon newly acquired met ocean data that reduces
uncertainty on environmental conditions to be employed.

The figure below illustrates the overall schedule assuming the later installation date is finally
adopted.

Development 2014 2015 2016 2017 2018 2019
Phases

T

,.
EREEED o o oo oo O

Figure 6-2: Overall schedule of operations in Prinos development area

Note that this ESIA present details on the activities that will occur for the following phases:
construction, operation and abandonment. Summaries of the schedules for each phase are
provided in the following subsections.

6.2.2.2 Construction schedule

Detailed design contracts were awarded for the topsides, pipeline and sub-structure scopes
associated with the Lamda satellite platform in October 2015. Design work is due to last for
around six (6) to seven (7) months. Lamda platform has to be installed and ready to accept the
Energean Force rig late April 2017. This date could move forward or backwards based upon
completion time of the ongoing drilling programme on the Prinos Alpha platform. It is assumed
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currently that the Prinos infill campaign will comprise ten (10) wells and that all activities will be
completed on the Alpha platform. Detailed design will be therefore be complete approximately
twelve (12) to thirteen (13) months earlier than the date installation has to be completed.

Estimates received to date from potential fabrication contractors for the topsides, sub-structure
and pipelines indicate a six (6) month construction period with an additional two (2) to three (3)
months to procure steel. To meet an installation date of mid-April 2017 construction contracts
need to be awarded early July 2016. Currently the project schedule therefore carries roughly
three (3) months of float between the end of detailed design and award of the main construction
contracts. Part of this float could be eroded if the Prinos drilling campaign progresses more
efficiently than expected. Drilling performance will be known well before the end of detailed
design. There is therefore currently no foreseen reason to tender and award these contracts in
parallel with detailed design, a common practice to accelerate schedule, which introduces a
degree of risk. Long lead items (electrical switchgear, platform crane) will be ordered nine (9) to
twelve (12) months before required on site, again after detailed design has been completed. It
is possible that the pipelines and the umbilical cable can be installed post platform installation
moving them well off the critical path. The pipelines and umbilicals are not required until the first
well has been drilled: some 10 weeks after platform installation. It is also possible that they may
be installed prior to platform installation to avoid clashes with the mooring system. In this case
these items would be procured towards the end of detailed design.

6.2.2.3 Operations

Recent inspections of the platform sub-structures have indicated that remaining life (based upon
corrosion and fatigue) is greater than 20 years. Planned refurbishment (re-painting) of the
topsides structure and the low levels of internal corrosion seen in vessels and pipework give
confidence that surface equipment can be operated for the full duration of the planned expansion
project.

6.2.2.4 Abandonment

The existing Prinos licenses run to 2034. Considering the future and potential projects that can
be expected in the Prinos basin it is unlikely that any of the Prinos complex facilities will be
abandoned before this date. The new platforms will serve smaller accumulations but have been
designed to allow them to be moved cheaply to other locations in the basin.

The only field that could be abandoned in this time frame would be the Kappa structure on South
Kavala gas field. This field is largely depleted. The Greek authorities are considering using the
facility as the basis of a gas storage scheme which would mean its abandonment would be
delayed indefinitely. Energean is reviewing use of this facility as the basis of developing small
oil reserves in the area.

6.2.3 Project Components
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6.2.3.1 Lamda/ Omicron platforms: Self Installing Platforms 2 (SIP2)

As described above, Energean plans to install up to two (2) new satellite platforms close to its
existing Prinos complex. SPT Offshore’s SIP2 (Self Installing Platform 2) concept has been
selected as the most cost effective type for these new facilities. The first platform (Lamda) will
be installed in Q2 2017. The decision as to whether the second platform (Omicron) is required
has yet to be taken. Details are provided to allow this potential additional project to be permitted.

Table 6-4: SIP2 platforms Coordinates

Geographic Coordinates (WGS’84) Longitude Latitude
Omicron SIP2 platform 24°29'46.84” 40°49'3.81”
Lamda SIP2 platform 24°27°20.45” 40°48°38.34”

The SIP2 platform concept has been developed by a Netherlands based company, SPT Offshore
BV. A number of SIP2 platforms have been successfully installed by SPT Offshore in the
southern North Sea to date.

Those platform types can be employed cost effectively in shallow water depths up to about 45
m. Some typical examples are shown below:

Stage 10 F3FA As-installed Calder Installed
Photo 6-10: Examples of SIP2 platforms installed

The SIP2 design allows for installation without the need for mobilization of a large supporting
fleet. Traditional jackets with driven piles, particularly in shallow water can cost as much to install
as to build. The organization of external resources such as crane barges, piling spreads etc. also
increases interfaces and hence schedule risk. The SIP2 platform is assembled onshore and
floated to location on a relatively standard barge readily available in most locations. At site the
platform “self-installs” in a matter of a few days, rather than a few weeks which is the norm. The
installation itself is relatively weather insensitive, particularly when compared with the conditions
required for heavy crane lifts, topside float-overs etc. In principle the SIP2 is equivalent to a jack-
up drilling unit, except that it is not equipped with sufficient permanent buoyancy to float, and
has more substantial suction anchors (suction piles) to enable it to be designed for permanent
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installation and does not have permanently installed jacking systems to raise and lower the deck
to water level and lift the legs out of the water. Like a jack-up it can be moved from location;
making it particularly attractive for fields with a short production life and also facilitating eventual
abandonment. Clearly these aspects significantly reduce its environmental footprint, as it is in
effect completely recyclable unlike a traditional jacket.

The Lamda and Omicron SIP2’s consist of 4 cylindrical legs each equipped with a suction pile
to fix the legs (and hence topsides) to the seabed. The legs are made separately and are not
attached together as in a traditional jacket. The legs are connected via the topsides deck. The
legs, suction anchors and topside structure are built separately and then assembled onshore
prior to installation offshore. The size of the topside is driven by the size of the installation barge
to be employed. Once assembled, the platform sits on the installation barge with the legs out of
the water and the suction cans in the water. The length of the platform therefore has to be slightly
greater than the width of the installation barge. Stability of the assembled platform on the
installation barge drives the minimum size achievable.

The topside structure can be equipped with multiple decks as per a conventional platform and
the maximum weight is again a function purely of the installation barge selected. The largest
difference between the SIP2 topsides and a conventional platform is the way in which it mates
with the legs. Conventional topside sits on top of a substructure with its main load bearing
columns positioned over the sub-structures legs. In the SIP2 the legs slot through cylindrical
sleeves incorporated in the topsides. These sleeves pass through the full height of the topside.

The SIP2 assembly onshore involves lifting the legs (one by one) and dropping them through
the sleeves and holding them in place at the base of the topside structure. The assembled
topside/leg structure is then skidded onto the transportation barge located at a quayside adjacent
to the assembly location. The assembled unit sits on a support frame located on the barge. The
suction anchors are then welded onto the bottom of the legs whilst the barge sits at the quay.
The lower part of the suction anchors sit below the water level increasing the draft and width and
hence stability of the installation barge.

Once the suction anchors are fixed, temporary jacking systems are installed to allow the legs to
be lowered to the seabed and the topside to be subsequently jacked-up the legs. The unit is
then ready for transportation to the installation site.

This is described further in the sections below.
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Figure 6-3: General views of initial Lamda SIP2 platform

The platform’s overview and general arrangement are provided Annex 2.

The new platforms shall be designed for a minimum operating life of 20 years. The current

license for the Prinos area runs until 2034.

Key dimensions of the assembled unit are provided in the table below:

Table 6-5: Summary dimensions of SIP2 platform
Summary key dimensions

Platform Height overall from Seabed to Top deck H 55.5m
Max Width of Topside (East to West) W 22m
Max Length of Topside (North to South) L 38m
Centre to Centre Distance Legs (East to West) CCL EW 15m
Centre to Centre Distance Legs (North to South) CCL NS 32.5m
Leg Length Lc 53.1m
Leg Diameter Dc 3m
Diameter Suction Pile d sp 8m
Depth Suction Pile d_sp 11.5m
Thickness Suction Pile t sp 0.030m

The Lamda SIP2 platform is designed to be self-installed without the assistance Heavy Lift

Vessels.

6.2.3.1.1  SIP2legs

The SIP2 structure is designed as a typical offshore structure subjected to static equipment loads

(including drilling operation loads), waves, wind current and earthquake loadings. Industry

standard codes of practice are applied to ensure the structural integrity is maintained throughout
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the design life, in place, fatigue, ship impact, seismic and transport analyses will be performed.
Since the topsides and substructure are integrated, i.e. similar to a jack up, the structural legs
are effectively single unbraced columns. The steel legs are simply large diameter tubes,
approximately 3 m in diameter, connecting the suction piles to the topside structure. The
southern two legs of the SIP2 will also act as carriers for the platform risers and umbilical j-tubes,
i.e. the risers and j-tubes will be permanently contained within the legs, which offer the advantage

of protection and no exposure to the ocean wind and waves or vessel impact.

Table 6-6: Weight Estimation (structural steel)

e Vvaue Uit |

Legs (4 no.) 856 MT
Suction piles (4 no.) 532 MT
Topside 750 MT
Boat landings 107 MT

6.2.3.1.2  Connection of SIP2 legs to topsides

The SIP2 legs will be connected to the topside structure permanently once the topside is in fully
elevated position. The legs will be contained within sleeves between the production deck and
weather deck elevations, which are an integral part of the topside structure. The sleeves are
required to guide the lowering of the legs during installation. Once the topside is at the required
height the annulus between the sleeves and the legs will be filled with grout. The connection of
the topside primary structure to the legs will be either by high capacity shearpins, or tension

bolts.

6.2.3.1.3  Leg jacking system

It is envisaged that the strand jack system for the SIP2 will consist of two (2) no. bundles per leg
and twenty four (24) no. jacks providing approximately 500MT capacity per leg. Strands will be
connected at the top of each leg (leg head anchor block) and to the top of the suction pile (bottom
of leg). The breakdown of the no. of jacks as follows:

e Eight (8) no. jacks for leg lowering (offshore operation)

e Eight (8) no. jacks for topsides lifting (provides 100% contingency) (offshore operation)

e Eight (8) jacks for pre stressing the strand jack bundles (fabrication yard operation)

e The typical speed for lowering / lifting is approximately 12 min per metre.
Strand jacking systems are commonly used in both offshore and onshore structural heavy lifting

with well-established specialist companies in the market namely MAMMOET and ALE.
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F3FA Top View Strand Jacks and Bundles
Figure 6-4: Leg jacking systems

6.2.3.1.4 SIP2 suction anchors

F3FA Strand Jacks

The new satellite platforms will be fixed to the seabed by the use of suction anchors. Suction

anchors have been used widely in the offshore oil industry as an alternative to driven piles. Soil

samples have been collected in the location selected for installation of the Lamda platform to

enable its load bearing strength to be determined. The size (diameter and depth) is a function of

the weight and lateral loads to be supported and soil properties. A large suction anchor will be

installed on each of the SIP2 legs as described above. At site the legs and suction anchors will

be lowered to the seabed where they will self-penetrate the soil to a limited depth due to their

own weight. The final penetration to design depth is achieved by discharging water from the

body of the suction pile by pre-installed low-pressure pumps. When the target penetration depth

is achieved, the pumps are removed.

Suction piles can be removed by reversing this process, leaving no material in or on the seabed.

The main design parameters of the suction anchors is summarised below:

Table 6-7: SIP2 suction pile dimensions

 Lamda & OmicronsSiP2 | |

OD [m] 8 (TBC)
Penetration [m] 11 (TBC)
Thickness [mm] 30 (TBC)

Personnel access and interface with the drilling rig (‘Energean Force’)
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Personnel will access the new satellite platforms by boat. No facility for helicopter access
(helipad) will be provided. Each SIP2 platform will be equipped with two boat landings on the
North and West faces. Provision of two landings will ensure that access is available with most
weather directions.

Eight mooring points will be installed around the structure to which the ‘Energean Force’ drilling
rig will be attached when both rigging up and drilling. When rigging up the unit will sit to the west
side of the platform. When drilling, it will sit to the north. Access of staff between the drilling barge
and the platform will be by gangways and access ramps that form part of the drilling rig
equipment.

6.2.3.1.6 Conductors

The platforms will contain a well bay containing fifteen (15) slots (5 x 3 pattern). Wellheads will
have a separation of 2.3 m. Currently it is envisaged that the well conductors will be 30” diameter.
These will be free standing, i.e. no guide frame will be incorporated sub-sea attached to the SIP2
legs. A template will be installed on the seabed through which the conductors will be driven by
the ‘Energean Force’ rig. Surface wellheads and X-mas trees will be employed. These will be
located on the lower main deck of the topsides, by locating the conductors on the inside of the
platform they are protected by the large legs as well as on the north and west sides by the boat
landings. Boat transport will not be able to access the platforms from the south or east to avoid

craft from inadvertently passing between the lower deck and hitting the conductors.

6.2.3.1.7 Risers and J-tube for umbilicals

Risers and j-tubes for umbilical connections will be pre-installed. Risers and j-tubes will be
located within the southern legs of the platforms, thus giving excellent protection from vessels.
They will exit onto the lower deck of the topsides where they will tie in via emergency shutdown
(ESD) valves to surface equipment. They will be terminated at the seabed above the suction
piles with flanged connections to which the new pipelines will be installed. Umbilical cables will
be pulled through provided j-tubes and terminated on the lower main deck. Each platform will be
provided with three (3) risers and one (1) j-tube to enable it to connect to Delta. Connections
will also be provided to allow Lamda and Omicron to be crossed connected as well as to allow
an additional satellite to be tied back to either platform. These spare connections will be pre-
installed to prevent the need to retrofit risers outside the legs at a later date.
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Figure 6-5: Riser and umbilical J-tube configuration

New risers will also be required at Delta. These will be positioned on the south side of the existing
jacket structure adjacent to the existing risers.

6.2.3.2 Topsides

The new topsides will comprise two (2) main decks that will fully occupy the space between and
around the legs, as well as two (2) smaller partial decks. The lower main deck (production deck)
will contain the well bay, flowlines, production, water injection and gas lift manifolds and main
electrical and instrument equipment rooms. Provision will be made to extend the east edge of
the lower main deck to accommodate future equipment (e.g. ESP control equipment or a gas
injection compressor). The upper main deck (or weather deck) will accommodate the crane as
well as the skid beams on top of which the ‘Energean Force’ DES will be located. Hatches above
the well bay will allow access to the wells. The deck will be designed to accommodate all
necessary equipment for well servicing operations including Coiled Tubing Units.

Below the production deck there will be a small cellar deck that will sit in the splash zone. This
will contain the open and closed drain drums and associated pumps. The cellar deck will provide
access to the western boat landing. The northern boat landing will be accessible from the
western boat landing and the main deck. A mezzanine deck will be located at the south end of
the topsides between the two main decks. This will accommodate pig launchers and receivers
associated with the risers.

The production deck has been designed to be above the crest of the highest predicted wave.
Equipment and platforms located below the main deck will be designed to withstand occasional
impact with waves, seawater immersion etc.
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The gangway from the ‘Energean Force’ rig will interface with the SIP2 structure on the
production deck. At the north end of the weather deck a support beam will be pre-installed to
allow the ‘Energean Force’ V-door and Personnel Access Ramp (PAR) to be accommodated.
Whilst drilling access will be from the north side. The area between the north edge of the weather
deck and the rig can be used to store drilling materials or to locate well services equipment whilst
drilling is undertaken.

No processing will occur on the satellite platforms. Multiphase well bore fluids (oil, gas and water)
will be transferred directly to Delta where separation will occur using existing equipment. Flow
from individual wells will be gathered in a manifold linked directly to the export riser. To monitor
production either each well will be equipped with a multiphase meter or a test manifold with
shared multi-phase meter will be provided. Chokes and valve will be remotely operated from
Delta.

Injection water and lift gas imported from Delta will be distributed to individual wells via dedicated
manifolds. Chemicals transferred via the new umbilical cable will be injected down-hole or into
surface pipework as needed. Control systems will be electro-hydraulic there being no instrument
air on the platforms. Power will be imported via the umbilical. No back-up diesel generator will
be installed. The platforms will have fixed firewater deluge and breathing air systems. These will
only be activated when the facilities are manned, i.e. when they are connected to dedicated
support craft (‘Energean Force’ during drilling and ‘Energean Valiant’ during well services work).

The platforms have no emergency vent or flare systems and hence no permanently lit flare. All
pipework has been rated for closed in well pressures and as there are no installed vessels there
is no need for relief valves. Pipework will be welded rather than flanged to minimize leak paths.
Intrusive instrumentation will be avoided.

A maintenance flare header and flare is installed but this will normally be disconnected from the
live equipment. When surface pipework is to be accessed (maintenance shutdown) the closed
drain vessel will be connected by installation of a removable spool. Oil in the topside pipework
will be pushed into the export pipeline using a connection from the gas lift import line. Gas lift
will then be introduced to the closed drain system and the flare lit. Remaining oil and gas will
then be drained to the closed drain vessel with flashed gas sent to flare. Collected oil is stored
in the closed drain drum and pumped back to the process system once production commences.

The closed drain flare system can also be used to receive flashed gas from the ‘Limin Prinos’
barge, when well clean-up operations are undertaken.

Rain and wash down water is caught in an open drain tank. Skimmed oil is pumped to the closed
drain vessel. Water is passed via a skim pile to sea.

Plot plans and elevations of the topsides are provided in drawings 20153026-SPT-STR-DRA
0012 to 0019, Annex 2.

6.2.3.3 Pipelines and umbilicals

The pipelines and umbilical cables to be installed have the following features:
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Table 6-8: Dimensioning of pipelines and umbilicals

Pipeline / umbilical Length (m)

Lamda umbilical 3,909
Omicron umbilical 2,693
6” gas lift pipeline from Delta to Lamda 3,537
6” water injection pipeline from Delta to Lamda 3,541
10” production pipeline from Lamda to Delta 3,489
6” water injection pipeline from Lamda to Omicron 3,489
6” gas lift pipeline from Lamda to Omicron 3,489
10” production pipeline from Omicron to Delta tbd
Cwameness

10” pipelines 10.94 mm
6” pipelines 5.29 mm

6.2.3.4 Modifications in ‘Delta’ platform

Full wellbore fluids will be transported from Lamda and Omicron to Delta as described above.
The processing systems on Delta described earlier will be employed to separate and process
fluids from the new platforms. The Delta separation system was designed to accommodate up
to 30,000 bbls/day of fluids and associated gas. Considering P50 reserves the current
development plans see production levels increasing to around 14,000 bopd from the Prinos
(Delta platform complex) and Epsilon (Lamda plaftorm) work scopes. The potential development
of Prinos North (Omicron platform) would increase peak rates to about 20,000 bopd. The
installed capacity on Delta and at Sigma is therefore sufficient for the new projects with
no upgrades.
The only modifications needed on Delta is the connection of the new Lamda / Omicron riser to
the inlet header of the existing 1%t stage separators and the connection of the treated injection
water and gas lift headers to the export risers. The chemical storage area will be expanded and
connected to the umbilical. Power and instrument connections will also interface with the
umbilical.
The satellite platforms will make use of the following existing Delta processes:
e Fluid reception equipment, such as:
= Production Separators
e Water Injection equipment, such as:
= Seawater lift pumps;

= Water Treatment;
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= Water Injection Pumps;
Gas lift compression;
Chemicals;

Electrical Power;

Hydraulic fluid;

Control system;

Telecoms system.

The following summarises the expected project scope on Delta:

General:

= All new risers will be installed on the south side of Delta Platform, just west of the
existing Kappa 6” pipeline riser;

= Existing idle vessel SC-157 C is not considered a suitable slugcatcher for the new
service. However, the Three Phase Production Separators V-101 A/B are
considered suitable. It may be possible that one of these vessels is dedicated to
Epsilon production;

= A new deck structure will be installed at the Delta Mezzanine level, below the
existing slug catchers SC-157 A/B/C, with new beams and grating;

= Existing cable trays are full and new racking will be required for all new electrical &
instrumentation wiring;

= Control, ESD & telecoms upgrade is required on Delta Control Room to
accommodate Epsilon requirements;

= No new F&G detectors required (existing coverage is adequate).

Production tie-ins (include for):

= Line from top of Riser to new pig receiver. New riser ESD valve;

= New pig receiver with all DB&B valves and kicker lines, bypass line, PSV and tie-in
to flare header;

= Line from the pig receiver to the Production Separators tie-in;

= Wires and cables from the Pig Receiver / Production tie-in to Delta Control Room.
New trays required;

= New deck for pig receiver.

Gas Lift tie-ins (include for):

= 4" gas lift line from the compressor area on the Upper Deck of Delta to the new
Epsilon risers;

= Wires and cables from the gas lift headers to Delta Control Room. New tray required

Water Injection tie-ins (include for):

= The 4” seawater injection line from the WI manifold on the Lower Deck of Delta to

the new Epsilon risers;
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= Wires and cables from the WI manifold to Delta Control Room. New tray required.
e Umbilical tie-ins (include for):
= Install a Topsides Umbilical Termination Unit (TUTU) on Delta deck convenient for
connection to umbilical;
= Run all chemical (corrosion inhibitor, demulsifier and methanol) and hydraulic oil
lines (HP, LP and return) from source to TUTU;
= Chemicals transfer line from the chemicals area on the Upper Deck to the new
Epsilon risers;
= Fibre optic lines from the Delta Control Room to the TUTU. New trays required,;
= Cables from the Delta Control Room to the TUTU area.
In addition to the above activities specifically associated with tie back of the Lamda platform a
number of above upgrades will be undertaken to ensure that its continued integrity can be
assured and to reflect the QRA work undertaken as part of preparing an HSE Case for the facility.
The foremost workscope involves the sandblasting and re-painting of the platform structure.
During recent years protective paintwork has deteriorated. With low production rates and a
limited remaining lifetime only minor repairs were undertaken. Following completion of the tie-
ins of Lamda equipment the whole platform will be repainted to ensure continued integrity.
Other works include the further modernization of the control room to minimize manned
attendance levels on the process decks of Delta and the refurbishment of the office area to

ensure that it can act as a “safe haven” from unplanned H:S releases.

6.2.3.5 Dirilling rig (‘Energean Force’)

All planned new wells will be drilled by the ‘Energean Force’ tender assisted barge. This unit was
purchased in August 2014 and mobilized to Greece later that year. The unit was built in 1994 in
Singapore and has been owned previously by Pride International and KCA Deutag. It has worked
in West Africa and SE Asia for companies such as Nexen and Shell.

Since purchase Energean has fully refurbished the marine, accommodation and drilling systems
bringing the unit back into marine classification as well as renewing certification of all drilling
systems. In parallel with this refurbishment scope the Prinos Alpha platform has been upgraded
to allow the DES set to be accommodated on the weather deck. The unit was rigged up and
commissioned Q2/Q3 2015 and is now part the way through the planned Prinos Alpha infill
drilling programme.

The rig is planned to move from Prinos Alpha to the Lamda platform early 2017 to drill the
development wells of this Prinos satellite field. The technical characteristics of the rig are
summarized below:

Table 6-9: Technical characteristics of ‘Energean Force’

Design ‘ Barge non self propelled
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REL

Marshal Islands

Port of registration

Majuro

IMO

8771837

Shipyard

Sabah Shipyard, Labuan, Malaysia

Year of delivery

1994

Classification society

BUREAU VERITAS

Overall length

97.6M or 320FT

Overall width (with anchor rack

32.0M or 105FT

Breath moulded

21.4M or 70FT

Load line draft

5.8M or 34.5FT

Load line displacement

12,040mT

Light ship weight

4,800Mt

Accommodation

120 persons

Engine maker / model

CATERPILLAR

Quantity

5PCS

Type

Model 3516 TA turbocharged after cooled

Maximum output per engine

1,615 BHP

Continuous output per engine

1,545 BHP

Rotating speed

1,200 RPM

Starting device

Pneumatic starter (150 PSI)

AC generator maker / model

CATERPILLAR

Quantity

5PCS

Type

Model SR-4AC generator

Total power from 5 sets

7,000 KW/10,000 KVA

Voltage frequency

600V/60HZ/3 phases
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Photo 6-11: ‘Energean Force” after refurbishment
4,“\.;‘“;.\“
N\

Photo 6-12: Preparations for rig up of ‘Energean Force’ to existing Prinos complex
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Photo 6-13: Preparations for rig up of ‘Energean Force’ to existing Prinos complex

c0ee
aer
a8t
L L

z
&
e
=
=
>
z
5
@

Page | 6-38



) ENVIRONMENTAL & SOCIAL IMPACT ASSESSMENT (ESIA) FOR
ENERGEAN PRINOS OFFSHORE DEVELOPMENT PROJECT

OIL & GAS

ENFAB
SCOPING /HYDRAULIC PINNED MAST
NOM, 152" x 18’

RACKING BOARD

151°-5 1/2°
(461645)

Vi
3

BELLY BOARD DRILLER CABIN

VARCO TOP/DRV

HYD-UNIT

5 \\ /

LEVEL: 1158'-C" 7.0. MAST PEDESTAL
(35052)

LEVEL: 99'-2" T.0. DRILL FLOOR

(30226}
LEVEL: 91'-0" T.0. MASTER SKID DRAWWORK'S SHED
(27736.8) (
| |EVACUATION LADDER
V-DOOR RAMP
. = | BOP/DIVERTER PIPE DRAGWAY

=S

pami ACCUMULATOR UNIT
e s v N -
L T T ‘ TOP SKID BEAM lovel: +60'—0"

: o) ! (18288)
7 N | [ ]
T T DRILLING DECK level: +59'-0"
/ 3810 | 50435 _ Sl
PRODUCTION DECK feves: +36~47

— Ya \\\&J*‘( p (1074,2)
O] TOP JACKET LEVEL: 420'-0"

EE (6096)

|l { LEVEL: +15'-0"
AL=BARAKA=-1 1497

1
o
T

M.S.L + 4000

} 914.4 1828.8
= [37] G
————////: _ 56134 | _ _ 18288
[18'-5"] (5]
= 15000 ale 12182 4705.3
[48'-2 /18" : (407 '2’ T8 =5 1/4"]

Figure 6-6: Typical barge configurations when in drilling position
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6.2.3.5.1 ‘Energean Force’ mooring principles

A permanent mooring system has been developed and installed for the ‘Energean Force’ barge
to allow it to stay on location at the Prinos Alpha platform. The system is designed to limit lateral
movements of the barge when weather suddenly changes intensity or direction. Movement has
to be limited to prevent inadvertent impacts with the jacket. When weather conditions exceed
predefined limits the barge pulls off location to a safe distance and drilling ceases. The mooring
system has been certified by Bureau Veritas. The same mooring system will be employed at the
new satellite locations.

The system is described and illustrated below.

Mooring Line composition: The barge is moored with eight (8) lines, two (2) at each corner. The

mooring lines are attached at the barge end to winches capable of holding 1,600 m of wire rope.
The winches are equipped with strain gauges to allow the tension on the wire rope to be
calculated. The anchoring system attached to each rope is illustrated below. A “flipper-type”
anchor is attached by chain to a fixed concrete weight. This in turn is attached by chain to a buoy
that floats on the sea surface. The buoy is attached to the winch wire of the barge. The system
acts as a spring the buoy being pulled below the surface as the force on the barge increases.

This is a relatively novel mooring system. It was selected to minimize the footprint of the mooring
system. In very shallow waters often long chains are used to provide safe anchoring. Such a
set-up in the Kavala Bay would have had a significant impact on fishing and other boat related

traffic.

; e — ——— __Barge Moorng Line _:Bwy

oo

Buoy moaring Ine

{Chaln Gravity Anchor
fr———— Anchor Lin
— % Steel Anchor

i

Figure 6-8: Mooring Line compositions

Mooring Spread: The figure below illustrates the overall layout of the mooring spread at Lamda

and Omicron platforms. This mooring system could in principle be further reduced in size to six

(6) or four (4) lines if the radius of impact needed to be further reduced.
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Main dimensions are:

e Wire rope length typically 100 m

e Chain length typically 100 m

e Trash zone around each gravity bloc of 60 m radius
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Figure 6-9: ‘Energean Force’ typical mooring spread

As well as limiting interference with fishing operations and other socio-economic activities a
smaller impact area also facilitates the installation of necessary pipelines associated with the

development.

6.2.4 Description of Activities by Phase

6.2.4.1 Construction Phase
6.2.4.1.1 SIP2 installation

The location of the new platforms has been selected based upon a review of the wells to be
drilled from them in addition to the seabed conditions based upon the detailed geophysical
survey completed September 2015. Well bottom-hole locations are determined based upon the
constructed static and dynamic reservoir models. A top-hole location is then selected based
upon a review of well trajectories and drilling cost/difficulty. This position is then fine-tuned based
upon seabed conditions. In the case of Lamda the final platform location was moved 150 m to
the southwest to avoid an area with a higher slope.

As mentioned previously, the Lamda SIP2 platform is designed to be self-installed without the

assistance of specialist heavy lift vessels. The following steps are associated with the platform
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installation:

1. Transport of components and final assembly at a deep-water quay: The topsides and

legs of the SIP2 are assembled adjacent to a quayside equipped with a water depth of
minimum 8m. The assembly location could be the same as the fabrication location or a
different site. It is possible for example for the topsides to be constructed in one location
and then transported to the assembly location on the barge to be used during
installation. Legs and suction anchors could be transported separately to this final
assembly location or alternatively the assembly location could be where these sub
structure elements were fabricated. The legs can be installed in the topside prior to load

out onto the barge or after load out has occurred. The suction anchors will always be

the final item to be added to the assembled platform.

F3FA loadout on barge F3FA lifting suction piles underneath legs
Photo 6-14: Platform loadout and suction can assembly examples

2. Transport to site: Once the topsides, legs and suction anchors have been assembled on
the selected installation barge it is wet towed to the installation site by tugs. The
assembled platform and installation barge are inherently stable due to the significant
draft and the stability provided by the large buoyant suction anchors. Previous SIP2
platforms have been towed through significant storms in the North Sea on the way to
the installation site. With a planned installation date of late April and a short tow through
the relatively calm waters of the Aegean no transportation risk is envisaged. A minimum
of three tugs will tow the assembled unit (topsides, legs, suction anchors, grillage and
installation barge) from the final assembly location to the installation site.

3. Mooring at installation site: Energean intends to install the permanent mooring system

for the Energean Force rig prior to the arrival of the assembled Lamda platform on the
barge. This mooring system will be used to hold the installation barge at the selected

site prior to lowering the legs to the seabed. To ensure accurate positioning, the barge
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and support tugs will be equipped with DGPS positioning systems and real-time
telemetry.

4. Leg-lowering: Once the assembled unit is moored at the installation location the legs are
slowly lowered to the sea bed using temporarily installed strand jacks. No seabed
preparation is required. It is noted that seabed surveys to identify exact seabed
characteristics and obstructions will have been carried out prior to installation. The
substructure will be designed to accommodate variations in seabed level. As the legs
touch down on the seabed they will self-penetrate due to their weight.

5. Suction anchor installation: Temporarily installed suction pumps are used to draw water

from the top of the suction anchors above the seabed. The suction anchors are pulled
by the formation of a differential pressure, which allows the suction cans to penetrate
progressively into the seabed to the required depth.

6. Topside jack-up: Once the suction anchors are installed the topsides is progressively
raised up the legs using temporarily installed strand jackets. Sand that fills the annulus
between the legs and sleeves during transportation is removed. Once the topside is at
the correct elevation it is locked in place and the annulus filled with grout. This completes
the installation sequence. The installation barge is pulled from between the legs as soon
as the topsides are clear.

The platform installation modes are illustrated in next Figures.
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Figure 6-10: Barge in position attached to the pre-installed mooring lines
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Figure 6-11: Legs lowering and suction can penetration
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Figure 6-13: Final installed condition and boat landings installed in the raised position
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6.2.4.1.2 Installation of the conductors

The Lamda and Omicron platforms will be each designed with fifteen (15) drilling slots. Each slot
will be capable of accommodating a 30” riser through which a development well will be drilled.
The SIP2 substructure does not include a riser support/guide structure partway between the
topsides and seabed. The risers therefore have to be freestanding. This is the main reason why
30” conductors will be employed. The conductors will be driven into the seabed to the required
depth by the ‘Energean Force’ rig once it is installed. It is probable that five (5) conductors will
be installed prior to commencing the drilling of the first well.

6.2.4.1.3  Connection of pipelines and umbilical cables to the risers

The risers will be pre-installed in the southern two legs of the SIP2 platforms as previously
described. The risers on Delta will be retrofitted. There are no existing spare risers on Delta.
Riser clamps will be installed by divers onto the jacket bracing. The clamps will be fitted with
hinges for ease of closing and a neoprene liner.

Pipelines and the umbilical cable will be installed by multiple single tows or a bundled tow from
an onshore fabrication/stringing location. Final details of the towing and burial methodology of
the pipelines will be developed as part of the detailed design.

Spool pieces will be used to connect the risers with the pipelines. Once the risers and pipeline
ends are in place and fixed, the divers will perform metrology so that the final tie in spool pieces
can be fabricated onshore and installed.

All tie-in connections within the pipelines will be made by means of suitable subsea mechanical
connectors or welded. Suitable crossings details will be designed so that there is no interference
on any existing pipelines or cables, where the spool or pipeline crosses an existing pipeline/cable
or seabed obstruction. If required, subject to detailed design, protection concrete mattresses will
be installed over the spools up to a defined distance from the platform, depending on the
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outcome of a dropped objects study.

6.2.4.1.4 Installation of topside equipment

All topsides equipment on the Lamda platform will be installed onshore in the construction yard.
This will include the maintenance flare. Boat landings will be installed in parallel with the topsides
using the same installation barge.

Brown field modifications on Delta will be designed so as to allow installation with the platform
live. A short shutdown will be required to accommodate final tie-ins to the 1st stage separator
inlet manifold. To avoid extended periods of “hot work”, pipe sections, assemblies and spools
will be pre-fabricated on shore and trial fitted before welding commences. For integrity purposes,
pipe connections will normally be made by welding as opposed to by means of flanges.
Welding and NDT of field welds, and touch-up painting will be performed in accordance with
approved procedures.

As the substructure and installation periods are expected to be short (2 to 3 days maximum) it
is not intended to mobilise a dedicated offshore accommodation vessel. Required staff will be
accommodated either on the ‘Energean Force’ barge or onshore. They will be transported to

and from the installation barge by Energean’s vessels. The total number of staff involved in the

installation campaign should be less than 20.

o —————_s
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Photo 6-15: Topsides fabricated at quayside

6.2.4.1.5 Installation of pipelines and umbilicals

6.2.4.1.5.1  Pipeline and umbilicals installation assessment

Pipelines and umbilical cables will be installed using the towed method. A preliminary
assessment of the required towed length, routing updates and pipe strings fabrication yard
capabilities has been completed assuming:

e Maximum wall thickness will be considered (as a conservative approach);
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e Pipeline total length is 3.5 km;

e Buoyancy modules properties will be assumed;

e Line pipes towed empty;

e Hold back tension assumed as 5tonnes; and

e Line pipe grade will be considered as X60.
Pipelines will be fabricated onshore in +/- 1 km pipe sections. Individual sections will be pulled
into the sea and connected to the next section by welding or by the use of mechanical
connectors. The final 3 to 3.5 km pipeline will be towed to site with two tugs (one at each end)
and lowered into the defined corridor. Studies to determine the merits of a bundled tow are being
undertaken as part of detailed design. The installed pipeline will be connected to the risers with
tie-in spools as described above.
Installation by S-lay has been also investigated. The S-Lay installation method is not problematic
for the project pipelines. Vessel availability and cost are the only considerations that disqualify

this alternative.

6.2.4.1.5.2  Pipelines and umbilical routes

The final pipeline routes between Lamda, Omicron and Delta, will be confirmed during detailed
design. A detailed geophysical survey of the seabed between the three platform locations has
been completed. This has demonstrated that there are no sea-bed or buried obstructions (man-
made or natural) that need to be avoided. There is a natural “valley” between Lamda and Prinos
Delta that has a width of almost 500 m and a depth of approximately 15 m. The pipeline route
will be determined to give the shallowest possible angle into and out of this feature whilst
minimizing overall length. Because the pipelines are being towed into position, it is important to
orientate the platforms such that the risers and J-tubes/tie-in connections are in the correct
positions (it is not possible to change direction when towing). The routes of the umbilicals
between Delta and Omicron and Delta and Lamda were being designed to match the positions
of the bottoms of the J-tubes (bell mouths).

6.2.4.1.5.3  Pipelines Towing Route

The towing route has been designed to avoid seabed obstructions. The part of the route that
crosses the existing pipelines between Delta and the Sigma Plant was determined such, that
they will be protected from the pipelines being towed, while ensuring that the pipelines being

towed are likewise protected against damage.

6.2.4.1.5.4  Pipeline Corridors

The pipelines will be installed either in corridors, one at a time, about 20 m apart to accommodate
slight variations in the pipeline tow and post-trenching operations or as a bundle. Thus, the

maximum width of the corridors could be 100m. The width of the towing corridor will be about 20
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m wide. The widths of the corridors will be verified during the design, also taking into

consideration the vessels' course and station keeping capabilities.

6.2.4.1.5.5 Vessels

The spread required performing the work and services comprises the following vessels:
e Supply vessel ‘Valiant Energy’ (used for diving support and installation works);
e Supply vessel ‘Epsilon’;

e Supply vessel ‘Skala Prinos’;

e Crew tender ‘Akra Prinos’

VALIANT ENERGY

-~ ——NERCEAN
£ 3

= e

Photo 6-16: Supply vessel ‘Valiant Energy’  Photo 6-17: Supply vessel ‘Epsilon’

Photo 6-18: Supply vessel ‘Skala Prinos’ Photo 6-19: Crew tender ‘Akra Prinos’

The pipeline pulling forces will be relatively low and therefore it is intended to use the supply
vessels as tugs. If the bollard pull of the vessels is not known, the company will perform bollard
pull tests.

If a bundled installation is demonstrated to be attractive it will be required to mobilise suitable
tugs to manage the installation. The existing Energean craft will not be capable of managing

such a work scope.

6.2.4.1.5.6 Tie-In Method

The tie-in spools between the risers and the pipelines will be connected by means of flanges or

mechanical connectors. The tie-ins will be made in the wet by divers. In the case that flanges
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are used, the divers will make use of hydraulic bolt tensioning system when tightening the nuts

to the required torque.

6.2.4.1.5.7 Hydraulic Analysis and Pipeline Sizing

Hydraulic analysis has been performed to confirm the throughput of the pipelines (hydraulic

profile) and their required internal diameter.

6.2.4.1.5.8 Flooding and Gauging

The pipelines will be flooded with filtered seawater by means of pigs fitted with polyurethane
cups and gauge plates with a diameter equal to 95% of the pipeline internal diameter. When
flooding is completed, the pipelines will be left in this condition for a period of twenty-four hours

to allow the water to stabilise. Tests will be made to check for entrapped air.

6.2.4.1.5.9 Pressure and Tightness Testing

The hydrostatic test comprises two (2) phases:

1. apressure test for a duration to be agreed with the certifying authority and
2. atightness test to demonstrate that the system is water tight, lasting twenty-four hours.
The pipelines will be tested individually. Each pipeline will be system-tested between the tie-in

with the wellhead manifold and the manifolding adjacent to the pig receiver.

6.2.4.1.5.10 De-Watering

De-watering of the gas line will be achieved by means of a combination of rigid pigs with
polyurethane cups and foam pigs. The water injection line will not be dewatered. A small quantity
of unfiltered seawater can be accommodated by the injection wells.

As only filtered seawater will be used to flood the pipelines, the floodwater will be dumped into
the sea by means of a temporary dumping line. If the floodwater was treated with chemical

additives (see below), the dumping will be co-ordinated with local authorities.

6.2.4.1.5.11 Drying (Gas Lift Pipelines)

The need for drying the gas lift pipelines to a specified dew point, using dry air, will be determined

during the design phase.

6.2.4.1.5.12 Laid-Up Condition

The pipelines may be laid up with untreated test water for a period not exceeding thirty days. If
the laid up period lasts longer than thirty days, chemical additives such as oxygen scavenger
and biocides will be required to be added to the test water. To avoid the release of such
chemicals into the sea during dewatering, the scheduling of the pre-commissioning work will be

based on a laid up period of less than thirty days.
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6.2.4.1.5.13 Preparation of Construction Right of Way (ROW)

The location of the pipeline fabrication site will be confirmed during detailed design. Two sites
are currently under consideration. Neither site is owned by Energean. One is owned by the local
port authority and one is a public space that would be temporarily used based upon permission
from the requisite local authorities. Study work to define the size and facilities required are
currently being progressed. An unused road adjacent to the Sigma plant or a location at the rear
of the Fillipos Commercial port is being studied. Pipe racks, roller stations, welding and NDT

stations, a field joint completion station, pipe-handling gear, winches and crawlers, etc. will be

—~ NN
Map 6-3: Indicative onshore construction site location

The pipeline will be made up in its entirety along the selected construction site. The pipe joints,
already factory-fitted with the 3-layer PP coating and anodes, will be welded into strings with a
length of about 1,000m (82 joints) each, using an external line-up clamp. Multiple welding
stations, their number depending on the welding procedures (the number of passes) will be used.
The welds will be examined by 100% x-ray at the NDT station downstream of the welding
stations. Finally, the field joints will be completed by fitting a heat-shrink sleeve and a protective
shield. When the four strings are thus completed, they will be connected together in the manner
described above to form the entire pipeline with a total length of approximately 3,500m.

The first string, fitted with a pulling head, will be pulled off the construction ROW by a tug. The

tug will pull the string far enough into the water for the end of the string to be positioned in the
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firing line where the second string will be mechanically connected to the first string. The tug will
keep station at this position. This step will be repeated for the third and fourth strings.

The rear end of the pipeline will also be fitted with a pulling head. This pulling head will be
secured to a hawser that is attached to a second, rear tug, which keeps the pipeline under a
specified tension to prevent the pipeline from being subjected to compressive forces. The tension
force will be monitored continually during the tow by means of a load cell. A support vessel will
accompany the tow and correct the position of the pipelines as needed.

The pipeline will be towed into its respective pipeline corridor. The position of the pipeline relative
to the seabed will be monitored by divers or ROV. The pulling heads will be placed into their
target boxes, also monitored by divers. The ends of the pipeline will be temporarily fixed to the
seabed by means of a concrete mattress, again placed with the assistance of divers. Divers will
then proceed to remove the floatation bodies (de-ballasting the pipeline). The pipeline is now in
its intended position within its respective corridor, resting on the seabed, filled with air.

Just prior to making the tie-ins with the risers, the divers will flood the pipeline. Since the air
inside the pipeline is locked in at atmospheric pressure, water will ingress. The air cannot fully
escape, however, and will be entrapped until it is driven out by the pigs during the testing

activities. The pipeline must not be left in this condition for a period exceeding thirty days.

6.2.4.1.5.14 Installation of umbilicals

The umbilical cable will be installed from reels situated on board the Valiant or an equivalent

vessel, which will be modified during the design phase to be able to fit the reeling equipment,

including tensioner and chute.

A subsea electrical-chemical umbilical will be installed between each satellite platform and Delta.

The umbilical will transfer power, instrument signals and chemicals (such as and corrosion

inhibitors) from the Delta platform. The functional components of the umbilical shall be as follows:
e Electrical cables (Voltage level to be determined following a power system study).

e Fibre bundle 1 (containing 24 single mode optical fibres). The number of fibres is to be
confirmed.

e Fibre bundle 2 (containing 24 single mode optical fibres)

e 7-off hose/tubes — designated as follows:
= 5x Chemical: supply from Delta of demulsifier, corrosion inhibitor, methanol,

asphaltene and scale inhibitor. Batch type treatments during well intervention will be
by temporary packages on Lamda.

= 2x Spare
The umbilical will be installed by the reel method. The umbilical will be reeled at the

manufacturer’s plant, with towing heads fitted. One reel will be required for each umbilical. The
reels will be transported to Fillipos Commercial port and fitted on board the installation vessel.
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The vessel will set up at one of the platforms (the lay sequence will be determined later). The
towline will be fed through the pre-fitted c.q. retrofitted J-tube with the use of a messenger wire
and attached to the pulling head. The umbilical will then be pulled through the J-tube, monitored
by a diver. When the pulling head sits in the hang-off clamp at the top of the J-tube, the vessel
will lay away to the other platform.

The umbilical will be laid with a bow-out adjacent to the platform to allow sufficient slack (the
length of the J-tube plus a few meters) for the pull through the J-tube. The umbilical will be pulled
on board the platform in the manner described above.

In the case where the pipelines will be bundled (to be determined during detailed design) the
umbilical reel could be set up at the stringing yard, and the umbilical pulled into the pipeline
bundle, thus forming part of the bundle arrangement. In this case, the umbilical ends will be
looped at both ends of the pipeline bundle ready to be attached to the respective platforms.

6.2.4.1.5.15 Burial of pipelines and umbilicals

The pipelines and umbilical will be buried to protect them against mechanical impact by falling
objects and by trawl boards and chains or other fishing gear. The method of burial will be by
jetting pressurized water in the area immediately around the pipeline and umbilical corridor to
temporarily displace the sand, allowing the infrastructure to partially sink below the surrounding
seadbed level and then be buried by the settling sand. This method has been selected because

it is less invasive than traditional trenching.

6.2.4.1.5.16 Diving support

It is intended to perform the underwater tie-ins "in the wet", requiring extensive intervention by
divers. Diving support will be sought from local Contractors. If necessary the Energean supply
vessels will be used to support diving operations; they will be fitted with sufficient portable
decompression facilities. Procedures will be developed to minimize diving operations and to
assure the safety of the divers employed.

6.2.4.1.6  Logistics
Energean will establish and maintain a project-specific logistics plan, covering the following
requirements/activities, as a function of QA management:

e Stacking/packing/handling requirements for materials and equipment;

e Planning and scheduling shipments of heavy equipment and vessels from vendors’
places of manufacture/fabrication to Energean (marshalling) yards/quay sides;

e Management of materials certificates, certificates of fitness, certificates of origin, and the
like;
e Custody transfer of materials and equipment;

e Insurances for handling and transportation;
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e Anyimportation and customs clearance for materials and equipment;
e Storage and maintenance of materials and equipment;
e Calculations for weights and centres of gravity;

e Authorities engineering for handling and transportation of heavy equipment and moving
pipe strings over land.

The logistics plan serves to ensure that materials and equipment are delivered undamaged and
on time at the Work Sites and in parallel the overland movement of equipment does not cause
any damage or nuisance to local residents. The work will be performed by dedicated personnel.

6.2.4.1.7 Transportation and installation sea states

Transportation routes to the Gulf of Kavala will be determined once fabrication and assembly
sites have been selected. Work completed to date has demonstrated the feasibility and cost
effectiveness of fabricating the legs and suction cans in Greece. Potential fabrication sites for
these components are close to deep-water port facilities at Athens, Volos and Thessaloniki.
Whilst Energean intends to include Greek companies in the topsides construction tender it is
possible that this more specialist piece of work will be awarded to a yard outside the country (in
Italy, Turkey, Croatia etc.). An alternative would be to award to a local fabricator and use an

experienced foreign company to help establish and manage the fabrication facility.

Even if all work is executed in Greece it is possible that the legs, suction anchors and topsides

could be fabricated at different locations.

Preparation of the final assembly before installation will likely occur at the fabrication yard used
for legs/suction anchors and/or topside whichever is closest to Kavala. For example if the
topsides were fabricated in Volos and the legs in Athens, the legs would be transported to Volos
by transportation/installation barge and then the assembled unit to Kavala. It is possible, but not
likely that assembly could be undertaken at Fillipos port in Kavala minimizing the towing distance

to site.
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Map 6-4: Indicative transportation route to Platform Location from Athens

Each transport trip required shall be designed to withstand the loads caused by the most adverse
environmental conditions expected for the area and season through which it will pass, taking into

account any agreed mitigating measures.

For any relevant phase of transportation or marine operation, the design criteria will be defined,
consisting of the design wave, design wind and if relevant, design current. It should be noted
that the maximum wave and maximum wind may not occur in the same geographical area, in
which case it will be necessary to check the extremes in each area, to establish governing load

cases.

Transportation cases will be designed for 10 year monthly extremes for the area and season, on
the basis of a 30-day exposure. For the motion analyses, sea states will include all relevant
spectra up to and including the design wave height for the most severe areas of the proposed
voyage route. A wave height smaller than the design wave height, at the natural period of roll
and/or pitch of the tow, should also be checked if necessary. "Long crested" seas will be
considered unless there is a justifiable basis for using "short crested" seas. Consideration should
be given to the choice of spectrum, which should be applicable to the geographic area, and Hs

of the design sea states.

The most probable maximum extreme (MPME) responses will be based on a 3-hour exposure
period and shall be used for design. The range of periods associated with the extreme sea state

will be calculated analytically in two different ways, with due consideration given to the influence
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of swell (General Guidelines for Marine Operations) or they will be taken from the available
scatter diagrams. The design wind speed shall be the 1-minute mean velocity at a reference
height of 10m above sea level. The 1-hour wind may also be needed in the calculation process.
Therefore the transport sea state is a function of the route, season and hydrodynamic

characteristics of the platform, barge and towing vessels.

Prior to the departure, a Marine Warranty surveyor will approve the seaworthiness of the marine
transport barge.

The installation of the SIP2 structure and associated topsides is relatively tolerant of sea state,
however by planning for a date during April 2017 the chance of obtaining benign conditions will
be maximized. In all cases, the weather restrictions imposed by the design and installation

criteria will be adhered to.

Photo 6-20: Dry tow on transport barge to site

6.2.4.1.8  Personnel during construction / installation

Offshore project execution will take place in stages with the delta brownfield works starting early
and the final well hook up ending the execution sequence.

A peak of up to 30 workers (10 of which will be based on nights) can be anticipated for a short
period during platform installation. These numbers include contractors and representatives of
the Energean project team. Most of the workers will be accommodated on the Energean Force
or onshore. A breakdown of the main project execution stages and the associated personnel
requirements for each is further presented below:

e Platform Installation: Duration 3d
= Workers are shuttled on 12hr on 12hr off using the KO ships for onshore/offshore
transfers or Installation barge/Energean force.
= Number of workers estimated at 20 dayshift, 10 night shifts.
= Staff maybe accommodated on ‘Energean Force’ whilst it is at Alpha.
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e Platform Commissioning & Well Hook Up: Duration ~15d per well
= Provided by KO personnel exclusively, crew size of 5 people, dayshift only, working
on normal work pattern during each well drilling phase
= ‘Energean Force’ used for accommodation, as it will be at Lamda.
e Pipeline Installation: Duration 7d
= Day and night shift by marine crew provided by Contractor.
= Accommodation provided by ‘Energean Force’ off station during this period and
located likely at Filipos.
= Crew size ~ 8 dayshift, 8 night shift
e Pipeline Hook Up (Spools & Riser at Delta): Duration ~20d
Day and night shift
Installation Crew size ~ 7dayshift, 7 night shift
Diving Crew size ~ 8 dayshift, 8 night shift
Crew is fully contracted out to 2 main contractors: diving team and installation team.
Installation team rotating onshore for accommodation.
Diving team in chamber on contracted out barge.

844848080010

No use of Energean Force.
e Delta Brownfield works: Duration ~120d
= Staged execution with work packs broken in: Chemical area, piping, mezzanine and
Riser
= Work only in day shift with crew size of typically 10 people rotating with KO
personnel and accommodated onshore or on Energean Force located on Alpha
during most of this work.
= Fabrication scope contracted out fully.

6.2.4.2 Operating Phase
6.2.4.2.1  Operation philosophy

The new installations are designed to function as Normally Unmanned Installations (NUIs),
remotely operable under all weather conditions. The installations are designed with minimum
facilities to safely control production from the satellite fields and to enable drilling and well
interventions to take place as required. Oil production from the satellite platforms will be
controlled and monitored from Delta CCR. A Local Instrumentation Room is available on the SIP
but does not play the role of local control room. No local control room is provided on the satellite
facilities.

All equipment includes instrumentation to manage its safety and provide security of operation.
The facilities are designed to fail in a safe condition (‘fail safe’) if power or control functionality is
interrupted. Satellite and total field production shall be measured and monitored from Prinos
Delta. All necessary process and utility parameters shall be remotely available.

The platforms will be designed for Simultaneous Production and Drilling Operations and
Simultaneous Production and Well Operations activities. During the primary drilling phase
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completed wells will be brought on stream whilst the ‘Energean Force’ drills new wells. Only
when large components of the Drilling Equipment Set are finally lifted from the platform will a
production shutdown be required. Well intervention operations can occur in parallel with
production either during or after the primary drilling phase. In this case either the companies
Light Work over Rig or Coiled Tubing Unit would be lifted onto the satellite.

Equipment on the satellites is divided into Oil Production, Water Injection, Gas Lift and Chemical
Injection systems as well as a number of auxiliary systems. The operational philosophy applied
to these systems is outlined below.

Qil Production:

A typical oil gathering system will be built. Individual Well Flow Lines for each well will be
installed, with remotely operated chokes, chemical injection points upstream the choke and
required manual isolation and check valves. Double block and bleed isolations will be provided
to enable choke interventions with minimal production upset.

A Test Manifold will bring together all production wells and guide flow to a Multi-Phase Flow
Meter (MPFM) and physical sampling cabin. Flow will then be directed back to the production
manifold. Ability to route remotely each individual producer to the test header is required.

The Production Manifold has been designed to accommodate up to eight (8) production wells
with gathered fluids discharged to the export pipeline. Chemical injection points are provided on
the production header leading to the pipeline inlet. A second MPFM will be provided on the
production header outlet in order to monitor gross flow exiting the platform.

A permanent Pig will be supplied on the multiphase export lines from each platform. A new pig
receiver will be installed on the mezzanine deck of Prinos Delta. Pigging operations will be
supported by use of gas provided by the gas lift system as purge gas. Installed pig launchers
are designed for intelligent pig operations.

Water Injection:

Treated injection water will be supplied from the Prinos Delta platform. Injection water will be
fully treated and dosed with necessary chemicals on the Delta platform. There is no envisaged
need for further treatment or injection facilities on either Lamda or Omicron.

Water will be supplied to Lamda and Omicron through a dedicated high-pressure line. Water will
reach Omicron via Lamda. The rated capacity of the seawater treatment and injection system
on Delta is 45,000 bwpd. This is envisaged to be sufficient to accommodate forward needs of all
envisaged satellites without any upgrades or modifications (current forecasted needs are
estimated at 15,000 bwpd).

A Water Injection Manifold will feed up to seven (7) water injection wells. Water is routed from
the water pipeline to the manifold and then distributed to each dedicated water injection well.
Pressure is monitored at the manifold.

Each Water Injection Flowline is equipped with a flow transmitter, a controlled actuated flow
control valve with flow rate control loop and a well head pressure transmitter to monitor flowing
injection pressure at the well head. Space for installation of temporary pig traps has been allowed
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in the design (cleaning or inspection).
Gas Lift:

Gas lift will be supplied from Prinos Delta. Gas lift is sweet gas consisting mainly of methane
(usually CH4 is more than 75% mol) with an average molecular weight of 21.7 kg/kmol.

Gas lift will be supplied to Lamda and Omicron via a new 6” pipeline that flows over the Lamda
platform. This pipeline will be fully rated for the closed in pressure of the Epsilon wells under
initial conditions. Gas can be fed to up to eight (8) wells on each platform.

Each Gas Lift Flowline will be provided with an individual gas lift flow control valve. This will
automatically control the flow of gas to individual wells based upon a set point entered by the
control room operator on Prinos Delta. Flow and pressure measurements will be sent to the
Prinos Delta control facility via the installed umbilical cable.

At this stage there is no plan to upgrade the gas lift compressors on Delta. The spare unit
currently available will be used in parallel. Gas lift supply to Epsilon is expected to be used for a
relatively short duration. Once water cuts and pressures have stabilized the intent would be to
install ESP’s in the Epsilon wells to better control draw down. Available gas lift could be then
used at other potential satellites.

The gas lift system is also used to supply sweet gas to the platform for use in purging operations.
A sweet gas supply to the maintenance flare system is available so that the flare can be purged
and lit prior to draining operations taking place. Sweet gas connections will also be provided to
each flowline to allow sour fluids to be partially evacuated to Delta before a shut down. A gas
connection will also be provided to the inlet of the multiphase pipeline that can be used to avoid
hydrates during planned shut downs of the line.

Chemical Injection System:

Prinos Delta will be used as the supplier of chemicals to the satellite platforms. Each platform
will be connected to an expanded chemical injection system on Delta by a dedicated umbilical
cable. New storage tanks and pumps will be required on Delta to enable it to serve the two
envisaged satellites. This equipment will be located in an area previously occupied by gas
compressors transferred to Kappa platform.

Utilities:
The new facilities require few utility systems. Utilities are either supplied from Delta (power, data)

the mobile support vessels (fire water, breathing air) or avoided by design (instrument air).
Systems installed are:

e A Closed Drains vessel with associated maintenance flare. No emergency flare system
is required as all pipework is fully pressure rated and no relief valves are installed. This
system is physically disconnected during normal operations and only lit and used during
shutdown, start-up, pigging or well maintenance activities.

e An Open Drains system handles rainwater. An oily water separator together with a skim

pile and an oil-in-water analyser and automatic shut-off valve will prevent unintentional
discharge of untreated fluids directly to sea.
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e Dedicated HPU units with electrically driven pumps, will be installed on each SIP
platform. Sufficient redundancy on the HPU pumps will be provided to accommodate
the frequent demand of the control valves.

e Adiesel driven crane rated to support well services operations. The crane will either be
of pedestal type mounted on one of the platform legs or skiddable along the beams used
to support the Energean Force. Options to use an electrical crane will be examined
during detailed design.

When unmanned, the platform will have no firefighting capability. A dry deluge and ring main
shall be provided to give coverage to the wellhead area and the muster area when the platform
is manned. Water supply at this time will be from the companies support craft moored alongside.

Electrical power for the satellites will be provided from the Delta platform via the umbilical. There
will be no electrical power generation on the SIPs. No stand-by generators will be installed. A
UPS system will safely shut the facility down if there is failure of the power supply from Delta.

6.2.4.2.2  Simultaneous operations (SIMOPS)

The upper (drilling) deck has been designed to allow simultaneous drilling or well services and
production operations. When lifting on or off the following items associated with the Energean
Force DES the wells will be shut down:

e V-door side Master skid

e Draw works side master skid
e Mud package

¢ MCC

e Drill floor and

e Mast

6.2.4.2.3  Drainage systems

There are two types of drains on Lambda and Omicron platform: open drains and closed drains.
More specifically:

e Open drains: these are atmospheric drains collecting the surface waste liquids and all
their intakes (entry points) are permanently vented to atmosphere

e Closed drains: these are fully contained drains, hard piped from the equipment to be
drained through all the facilities necessary before reprocessing or safe disposal to the
environment

Water, which is not expected to contain any oil e.g. from container roofs, exterior wash-down,
and laydown areas shall be collected and piped directly overboard below the lowest deck area.

These drains need not be directed to the skim pile.
6.2.4.2.3.1 Open drains

Water entering the open drains system should normally not contain oil, but is treated as though
it could. Sources of open drains are:
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e Bunded areas beneath equipment in hydrocarbon service. These are intended to collect
deluge water, washdown water, maintenance spillages, and possible leakage from
equipment. Bunded areas are provided where drainage flowrate is significant or where
deck plating is used for catching the spillage.

e Drip pans beneath smaller equipment items such as pumps and filters, in water service.
These are intended to collect maintenance spillages. Some equipment items such as
the chemical injection package, generators, pumps, etc. may be provided with built-in
drip retention as part of the skid to contain any leaks or spills.

e Bunded area at the well service chemical storage area on the Production deck (Omicron
only)

e Deck drains for contaminated deck areas. These are intended to collect washdown
water, fire hose water and rain water.

There is not expected to be any grey water requirement on the satellites as all living quarters
and accommodation will be on linked service vessels.

6.2.4.2.3.2 Closed drains

A closed system is installed to collect hazardous fluids from process pipework that has to be
opened for maintenance purposes. This drained fluid is routed to a Closed Drains Drum where
it is stored before return to the process via the multiphase export line. Pig launchers and
receivers can also be drained to this vessel. All equipment to be drained will have been purged
with sweet gas to minimize liquid inventories and H2S levels. Operating procedures will ensure
that only one item will be drained to the closed drains system at a time to avoid potential cross
pressurisation of equipment.

Closed drains piping shall satisfy the following requirements:
e Closed drains headers are 150# rated irrespective of upstream process equipment or
pipe rating
e Upstream system will be blinded during normal operation so as to avoid potential

pressurisation of closed drains piping and drum due to mal-operation leading to gas
blowby.

e Drain lines shall be self-draining to the closed drains drum i.e. sloped.

The Closed Drains Drum will be located at the lowest point on the platform (cellar deck) to
achieve the desired piping slopes required for draining of liquid by gravity.

The gas outlet from the Closed Drains Drum will be connected to the maintenance flare. Thus
any gaseous discharges or gas blow-by from process equipment will be flared/vented at the vent
tip.

The Closed Drains Drum is designed to hold the full liquid inventory of the topside pipework.
Closed Drains Drum Pumps shall be used to transfer the accumulated liquids to the export line
to Prinos Delta once the facility has resumed production.
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6.2.4.2.3.3  Drains arrangements

The following typical drains arrangements will be applied:

ITEM TO BE
DRAINED
2
DELUGE
OVERFLOW T
OVERBOARD G
TO OPEN
» DRAINS HEADER
Diagram 6-1: Typical open drain arrangement
NC
ITEMTOBE | LC TO CLOSED
DRAINED _m | EOi » DRAINS HEADER
NC e
- SPEC
BREAK

Diagram 6-2: Typical closed drain arrangement

6.2.4.2.4

Safety equipment

To ensure safety of the satellite installation, the following facilities are provided:

6.2.4.2.5

Failsafe emergency shutdown of all process systems.
Actuated riser ESD valves.

Provision of a drilling rig interface that include TPS functionality and a link into the Rig’s
Fire, gas and emergency alarms system.

A maintenance vent to allow managed (non-emergency) depressurization of the
topsides. Ignition provided by means of flare guns after purging with sweet gas from gas
lift system

Cascade air system with external connection at boat landing locations and widow maker
bridge area (drilling barge) for supply of pressurized air.

Hard piped Firefighting ring main with external connection at boat landing locations and
widow maker bridge area (drilling barge) for supply of water.

Fire and gas detection system connected to ESD system.

Fusible plugs over x-mas trees connected to ESD system.
Maintenance & inspection

The platform has been designed for minimal maintenance. A maintenance schedule will be

developed as part of the detailed design when equipment vendors have been selected and

routine maintenance activities defined. Operational visits to the satellites will occur at least once
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a month and non-shutdown maintenance activities will be scheduled to occur at the same time.
Operational visits would be with a team of two production technicians from Delta. Discipline
maintenance technicians could join them as required by the routine tasks to be undertaken.
Breakdown maintenance activities will be undertaken during day light hours as and when
required.

Shutdown maintenance campaigns will be undertaken every thirty (30) months (normally in
conjunction with planned shutdowns of Delta and Sigma) with a support vessel, permanently
stationed at the platform. Work shall be possible on a 24-hour basis if needed, although it is
unlikely that this would be required.

As there are no relief valves installed on the platform and no process vessels shut-down
maintenance requirements will be limited largely to electrical and instrument systems that are
not spared. Where internal inspections to pipework or manifolds were required fluids are first
pushed to the export pipeline with sweet gas and then drained to the closed drain system.

The Closed Drains Drum can be inspected with the platform live as it is physically isolated from
the process at this time. It cannot be inspected during a shutdown as at this point it is in use.

Campaign maintenance and inspection manning level shall be limited to a minimum of two (2)
persons (to allow the buddy system to be operated) to maximum 10 persons. The maximum
personal is currently seen as follows:

e Operations (1- 2 pers.)

e Mechanical Maintenance (2 to 4 pers.)
e Crane operator (1 pers.)

e Instruments (1-2pers.)

e Electrical (1pers.)

e Safety Spvr (1pers.)

When the ‘Energean Force’ is attached to the platform maintenance of the power supply system
shall be possible without interrupting production.

In addition to the normal maintenance and inspection events, the following operations will require
sending people to the SIP platforms:

e Well interventions making use of the light workover rig or rigless interventions (water
wash & squeeze jobs).

= Exact frequency will depend of the fluid behaviour (scale, salt/asphaltene deposit).
Note that the frequency is reduced by design by allowing for downhole continuous
injection. The maximum manning level is expected to be twelve (12) people and will
be used for the design of the safety systems.

e Pigging operations foreseen only for the multiphase production pipeline. Exact
frequency will depend of the fluid behaviour (wax deposition, hydrate formation). Normal
manning level of 2 people similar to routine maintenance and inspection visits.

e Otherinterventions such as instrumentation tuning, which should occur at low frequency.
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Normal manning level of 2-4 people similar to routine maintenance and inspection visits.

When staff is on board either of the satellite platforms a support vessel will remain on stand-by
at the boat landing. This will be used for evacuation due to emergency, medical or weather. No
safe refuge is available on the satellites and hence staff will not be left on location without a
stand-by vessel present. During operations such as well services work where the platform will
be manned for a number of days with 24-hour work, the standby vessel will be connected to the
platform fire and breathing air systems effectively converting it to Temporarily Manned status.
Short duration routine visits of up to six (6) people and duration less than six (6) hours will not
require the stand-by boat to connect in this manner.

6.2.4.2.6  Production scenarios and profiles

Production forecasts based upon available dynamic simulation models and assumed number of
wells has been prepared for P90, P50 and P10 profiles. These have been used to define
production scenarios and hence allow equipment, pipework, pipelines, electrical systems etc. to
be correctly sized. For each reserve scenario fluid rates at different periods of the fields’
production life have been defined. This allows peak loadings to be determined and ensure turn
down can also be accommodated. Data associated with the Epsilon field to be exploited via the
Lamda platform is more mature than for the fields in the Prinos North Area. These include
exploration and appraisal opportunities and hence the range of forecasts is somewhat greater.

As the intent is to “design once, build twice” the analysis performed for Lamda (Epsilon) has
been used to size the Omicron facility also.

Table 6-10: Epsilon Production Scenarios

Base Case

Epsilon field P50 Transition Mid-Life Late - Life

production (2020) (2023) (2030)

forecast

Max. reservoir fluid kmol/hr 585 519 209 96
(stdbpd) (12,000) (10,642) (4,297) (1,971)

Max formation kmol/hr 1,945 781 2,268 3,874

water (stdbpd) (5,210) (2,091) (6,076) (10,376)

Max gas lift kmol/hr 105 218 336 336
(Smé/hr) (~2,500) (5,200) (8,000) (8,000)

Flowing Tubing barg (average

Head Pressure of all 42 29 21 21

(FTHP) producers)

Current production levels through the offshore Prinos complex and onshore Sigma processing
plant range between 2,200 and 3,400 bopd. These rates are typical of those achieved since
Energean took over operations. Peak rates of up to 4,000 bopd were achieved immediately
following the drilling of ERD wells to Prinos North and Epsilon. Following the completion of the
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first Prinos infill well (PA-35A) by the ‘Energean Force’ rig in November 2015, production rates
through the existing facilities will increase. Production from individual wells has been determined
based upon Energean’s history matched full-field dynamic reservoir model. Initial rates are a
function of predicted net pay remaining in each in-fill location coupled with application of good
oil field practice (i.e. avoid coning of water through over production and hence loss of ultimate
recovery). Low to High forecasts have been prepared for each well. Forecasts for wells with
potential at the A reservoir are more uncertain than forecasts for the B/C reservoirs. The
reservoirs are more extensively developed and have seen more water injection to date.

The diagram below illustrates the mid case production profile for the overall Prinos Area
Development project including wells to be drilled from Prinos Alpha, Lamda, Prinos Beta and
Omicron.

As can be seen the 10 planned Prinos infill wells have the potential to increase the production
rate to around 10,000 bopd (blue wedge). This increase gains from planned well services and
work-over activities including stimulation, water shut-offs, gas lift installations and tubing
replacements. It also includes gains from conversion of two closed in production wells to water
injection. Production potential is significant because seven (7) of the wells are planned to be
equipped with dual completions. Hence the current campaign is equivalent to 17 new wells.

Epsilon development drilling adds the brown production wedge and could increase production
to around 14,000 bopd initially. As the Epsilon field contains significantly understaurated crude
rates will drop rapidly as reservoir pressures fall. All initial wells will be completed as producers
(including water injection wells). Towards the end of the Epsilon drilling campaign these wells
will be converted and hence total Epsilon production will fall.
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Prinos Basin Projects. 2P Oil Forecast
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Diagram 6-3: Prinos basin, 2P oil forecasts

Planned wells on Prinos Beta have the potential to reverse this decline in the short term. As
illustrated to achieve a long-term stable production above 12,000 bopd additional development
activities will be required. Notional tranches of additional production for the discoveries and
exploration prospects in the Prinos North Area are illustrated assuming the Omicron platform is
installed in 2019 (two years after Lamda).

Currently no forecasts have been prepared for the remaining discoveries in the Prinos license
area (Athos and Delta) as well as the heavy oil discoveries in the Nestos basin. Neither has
incremental production associated with notional IOR and EOR projects. Implementation of these
projects would be targeted to give production from 2021 onwards and hold oil production rates
at the type of new plateau rate illustrated.

6.2.4.2.7  Structural stability

The platform is designed for the worse load cases applied when in drilling conditions. It is capable
of withstanding the worst 1Y storm condition as well as the design seismic case while the rig is
developing full drilling weights (Rig dead weight + worst case active weight: ~1,440T).

For the 100Y storm it is assumed that the rig operation would be suspended in advance of the
100Y storm and that only the dead weights of the rig would apply (Rig dead weight: ~1,020T).

A conservative fatigue assessment assuming a high percentage of time with the heavy rig on
the platform over its design life has been made. The structure is designed to provide fatigue life
in excess of twice the design life (i.e 40 years plus).
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The platform is designed to withstand boat collision impact energy without collapsing. The boat
sizes have been selected based on current boats part of company operations and third party
fishing boats in close vicinity.

6.2.4.2.8  Drilling operations
6.2.4.2.8.1 Introduction

The existing wells on the Prinos Alpha and Beta platforms will remain operational during the
described Prinos Area Development project except those, which have been selected as donor
wells for the planned Prinos infill campaign. All existing wells will be managed under existing
environmental permits.

In this section the activities associated with the drilling of new wells and the sidetrack of existing
wells is described in detail. All drilling activities will be undertaken by the Company’s tender
assisted rig, the ‘Energean Force’. The ‘Energean Force' mooring system has been described
in earlier section. Further details are not given in this section.

Slim hole wells will not be employed. All new wells and side tracks will be constructed in the
traditional manner using telescopic casings of decreasing size with depth. Casings will be
cemented in place, the cement being located in the annulus between the casing and rock wall.
Wells will be drilled with the aid of a Top Drive and steered with a combination of mud motors
and rotary steerable tools depending on angle and inclination required. Cuttings will be circulated
out of hole by pumping drilling mud down through the drill string, out through nozzles in the drill
bit and then back up the well annulus. This drill mud will be oil based whilst drilling through the
evaporitic cap rock section and water based in other sections including the reservoir. Mud weight
is varied based upon knowledge of the pressure of the fluids in the strata to be penetrated.
Chemicals such as barite are used to add weight. Mud weights can be reduced by passing the
returned fluid through an installed centrifuge.

A detailed description of the planned drilling operations is provided in the following paragraphs.

6.2.4.2.8.2 Methodology of typical well drilling
Once the ‘Energean Force’ is connected to the platform drilling can commence. In the following
sections the main elements of the drilling process are described:
e  Drilling mud:
e Running of casing:
e Blow Out Prevention (BOP)
e Drilling, Cementing and Completion
e Management of losses
Throughout the drilling of the well it is necessary to use drilling mud, for the following reasons:

e Removes the rock cuttings from the bottom of the well and transfers them to the surface
where they are examined to give information regarding the geology of the formation
being drilled.
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e Protects the walls of the well from subsidence (creates coating to the walls of the well
preventing the diffusion and loss of drilling fluids during drilling).

e Cools and lubricates the drilling bit and the drilling column.

e Applies pressure (at or above hydrostatic as required) and therefore controls influx of
fluids from the geologic strata being drilled into the well bore.

The drilling mud enters the well through the drill string and then returns to the rig floor area
through the annulus formed between the walls of the well and the drill strings. At the rig floor
area, the drilling mud passes through a sequence of processes that conditions mud so it can be
re-circulated to the well. If present any significant volumes of gas are removed and safely
vented. Rock cuttings are then removed in a number of “shale shakers” that are made up of
vibrating mesh screens. Sand is removed in settling tanks before small gas bubbles are removed
(if present) in a vacuum system. Conditioned mud is returned by gravity through flowlines to the
storage tanks on the tender barge, before being pumped back to the rig floor with the high-

pressure mud pumps.

Figure 6-14: Schematic illustration of the movement of the drilling sludge through the drill
strings of the drilling machine and the bit

Once a hole section of defined diameter has been drilled a pipe of slightly smaller diameter is
lowered into it piece by piece. This casing provides stability to the walls of the drilled hole. This
casing pipe is run to the bottom of the drilled section. Once in place cement is pumped through
a special tool into the well bore and pushed up the annulus where it dries. The cement should
completely fill the annulus between conductor and rock face. Once set a hole of smaller diameter
is drilled to the bottom of the next section and the above process repeated. In this manner a
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telescopic, stable, well bore is constructed. The length of each section is defined in the drilling
programme and is a function of the pressure gradient of formation fluids.

In a new well, as will be constructed on Lamda, the first piece of piping installed will be a
conductor. This will have a diameter of 30”. This conductor pipe will be lowered to the seabed
and then driven into the seabed a defined distance. The initial hole section will be drilled out of

BLOW OUT
PREVENTER
MEAN SEA
LEVEL
SEABED
RISER
40 m BELOW
SEABED

Figure 6-15: Drilling before and after the placement of the riser

this conductor pipe.

SEA WATER

Dvilling BEFORE installing the riser Drilling AFTER installing the riser
(Riserioss Drilling) (Riser on Dritling)
@LDK
o880
(L X ]}
CONSULTANTS

Page | 6-70



) ENVIRONMENTAL & SOCIAL IMPACT ASSESSMENT (ESIA) FOR
ENERGEA PRINOS OFFSHORE DEVELOPMENT PROJECT

OIL & GAS

Before drilling commences on either a new well or an old well that is to be sidetracked a Blow
Out Preventor (BOP) is installed. The BOP is one of the main barriers that ensure that an inflow
of fluid into the well whilst drilling cannot reach the drill floor. On a new well the BOP is installed
once the surface conductor piping has been driven to the required depth. On an old well, the
well is first killed, the Xmas tree removed and the BOP then attached to the wellhead.

Formation fluids can flow into a well bore whilst it is being drilled if the pressure in the formation
is greater than the pressure exerted on the formation by the mud employed. The BOP consists
of successive valves. When needed, these valves can be closed using a reservoir of hydraulic
fluid stored on the drill floor in cylinders or accumulators. These cylinders are kept fully charged
at all times. Loss of pressure automatically causes a closure of the BOP. When the valves close,
the well is sealed hence preventing the fluids from the formation flowing to the surface. The
sudden influx of reservoir fluids into a well bore is called a “kick”. The fluids can be water or

hydrocarbons.

Photo 6-21: Typical valves of BOP system and choke manifold valves system

Before the BOP can be re-opened, the fluids in the well bore are circulated out and the mud
weight increased to prevent further influx from occurring. Increasing the mud weight increases
the static head applied and eventually balances the formation pressure.

For proper and easy operation of this process, special outlet pipes are installed to the BOP.
These pipes are positioned on the outer side of the riser and are connected with a remote-control
valve system, called choke manifold.
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Photo 6-22: Typical choke manifold

6.2.4.2.8.3  Typical drilling and tubing program

A typical program for a new well (Epsilon well drilled from Lamda) including the drilling process
of each section until a final depth of 3.150m is described below. The following paragraphs
present a brief description of the stages of drilling, and the figure illustrates the tubing plan.

Driving of 30” diameter conductor to ~40m — 100 m

Initially, the conductor pipe of the well is set in place, which has a larger diameter than the
pipes that will be positioned subsequently. The conductor will be embedded by using a hydraulic
hammer. It is expected to be embedded to around 40m - 100m (depending on the subsoil) under
the seabed. The conductor pipe will not be threaded, but they will be connected together when
restrained.

Drilling of 26” diameter up to ~ 400 m

After setting in place and restraining the 30" conductor, a bit of 26" diameter will wash the
conductor internally. Then, a wellbore of 26" will be drilled up to approximately 400 m. pure
seawater, and when it is necessary for better washing, limited volumes of high viscosity pulp will
be used. Before setting in place and cementing the 18-5/8" casing, the well will be filled with
bentonite mud.

Drilling of 16” diameter up to ~ 1.550 m

A wellbore will be drilled up to approximately 1.550 m with a bit of 16" diameter. Mud of high
viscosity will be used regularly to keep the well washed. The wellbore will be purged by fresh
high viscosity mud before logging and installation of the casing 13-3/8". The casing will be
cemented for 200 m above the bottom of the previous tube.

Drilling of 12-1/4” diameter up to ~ 2.350 m
A bit of 12-1/4" diameter will be used to drill a wellbore up to approximately 2.350 m. The final

depth of this phase of the wellbore will be at the bottom of the lowest evaporate, just above the
reservoir section. Before installing the casing 9-5/8" and cementing the wellbore, logging will be
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done and the well will be checked for inclination. The casing will be cemented with a single
volume of cement designed to form a cementing column 200 m above the bottom of the previous
casing 13-3/8" and cementing along the entire length of the open geological formation. For the
Prinos wells that are to be sidetracked, this or the 8 72" section would be the first to be drilled.
The upper sections are inherited from the donor well. To make a sidetrack a whipstock is run
into the donor well at the selected depth and a window milled through the casing. The new
section is drilled from this window,

Drilling of 8-1/2” diameter up to ~ 3.150 m

A wellbore will be drilled up to approximately 3.150 m with a bit of 8-1/2". The previous drilling
mud will be used. Currently it is expected that the Epsilon wells will be completed barefoot, i.e.
no liner will be installed. This will allow production from a well bore to be maximised. The
reservoir section in Epsilon is made up of consolidated sandstones and sand production is not
expected to be an issue. In the Prinos wells a liner will be cemented over the full reservoir
section and then perforated where oil pay is assessed as being present.

Table 6-11: Drilling and Tubing Plan

Section Final depth Section’s Well’s diameter Casing
(from the length (m) (inches) diameter
seabed) (m) (inches)
I 40 m 36” 30”
400 m 400m 26” 20”
Il 1,550 m 1,150 m 16” 13 3/8”
I 2,350 m 800 m 12 1/4” 95/8”
v 3,150 m 800 m 8 1/2” 7"

Figure 6-16: Schematic illustration of tubing plan
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6.2.4.2.8.4  Typical drilling mud plan

Whilst drilling the 26” diameter section down to a depth of 400m, a seawater gel will be used as
the drilling fluid. Cuttings from this section will be deposited at the seabed. This is unavoidable,
as until the first casing string is installed a riser to recover the cuttings cannot be installed. The
gel used is selected to be fully biodegradable with no negative impacts on the local environment.
Below this depth drilling fluids are returned to surface where the cuttings are removed and the
mud is conditioned as described above. Dried cuttings are shipped to shore for disposal.

The total volume of drilling mud as well as the added ingredients (with concentration) is
presented in the following table.

Table 6-12: Drilling Sludge Plan per Drilling Section

Section Well’s Estimated Mud system
diameter volume of

(inches) drilling mud

(m°)

Sea Water + Gel for the cleaning of the well

I 26 140 ,
Products: Bentonite (M-I Gel)
M-I Gel / Polymer (Sea water)

Il 16 210 Products: Bentonite (M-I Gel), POLYPAC UL,
CMC-HV
Saturated Salt (KCI, NaCl) / KLA CURE /
POLYMER

I 120 180

Products: Saturated salt, POLYPAC UL,
POLYDRILL, KLA-Cure, Barite

FLO-PRO / POTASSIUM FORMATE

v 8% 110 Products: K-Formate Brine, Flo-Vis, Flo-Trol,
Safe Scav HS, Sized Calcium Carbonate

Total 640

In the following paragraphs the products that are used for the preparation of the drilling mud are
described.

e BENTONITE: Is a clayey mineral, which is used to increase the specific weight of the
drilling mud and to compensate the hydrostatic pressure. It is used with pre-hydration at
initial concentrations of 40 - 70 kg/m3. Bentonite is a mineral and is not considered
hazardous to the environment.

e POLYPAC UL: Polypac UL Consists of polyanionic cellulose and is a high quality water-
soluble polymer that is designed to control the loss of fluids. It is an additive of a very
small quantity ("Ultra Low" additive), so causes zero to minimum reduction of liquidity.
Usual concentration is 5 - 15 kg/m3. The POLYPAC UL is biodegradable.

e CMC HV: CMC HYV is sodium carboxymethyl cellulose of high viscosity, which is
designed to control the losses of the drilling mud into the walls of the borehole and
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control the liquidity of the water base mud. It is resistant to bacteria and has a wide
tolerance in chemical reactions of the mud. The CMC HV is biodegradable.

POLYDRILL: Polydrill is a polymer for water base mud, which controls the fluid loss and
the rheology of the mud and is particularly effective at high temperatures, as well as in
fluids with high content of electrolytes. Polydrill reduces fluid loss by reducing or blocking
the pore diameter. This polymer has significant water-binding capacity, minimizing the
loss of fluids.

KLA-CURE: KLA-CURE is a hydration suppressor and consists of a water-soluble
environmentally acceptable organic mixture, which is designed to reduce the swelling
and dispersion of reactive clay formations. KLA-CURE can be used in systems of fresh
or seawater with low or high solids content. Usually the concentration is 11.4 — 22.8 kg
/ m3 depending on the diameter of the hole and the length of the drilling section.

BARITE: Barite is used to increase the specific weight of the drilling mud and
compensates the hydrostatic pressure. Barite is a mineral and is not considered
hazardous to the environment.

FLO-VIS: FLO-VIS is a biopolymer (clarified xanthan gum biopolymer) of high quality,

which is able to improve the drill mud rheological characteristics. Not considered as
hazardous to the environment.

FLO-TROL: FLO-TROL is a highly modified starch derivative used for fluid loss control
and viscosity. Not considered as hazardous to the environment.

SAFE SCAN HS: SAFE-SCAN HS reacts with the hydrogen sulphide and remains
soluble even after the chemical reaction therewith. It is based on an organic chemical
instead of the commonly use of mixtures of zinc or iron.

SIZED CALCIUM CARBONATE: Sized Calcium Carbonate is produced in different
granule sizes that can be used as an increasing factor of the specific weight of the drilling
sludge, and to reduce the inflow of fluid formations at the drilling slurry. It is a mineral
and is not considered hazardous to the environment.

Table 6-13: Concentration of materials for the preparation of the drilling mud per well section

| secion | v

Bentonite (M-I GEL) | kg/m? 70,000 50,000 20,000
Caustic soda kg/m3 0,500 2,000
Soda ash kg/m3 1,000 0,500 1,000
Polypac UL kg/m3 4,000 14,000 3,000
CMC HV kg/m3 2,000
Polydrill kg/m3 3,000
Lube 167 [tr/ m3 20,000
NaCl kg/m3 280,000
KCI kg/m3 80,000
Lok
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| ! I v
KLA Cure kg/m3 15,000
Barite kg/m3 680,000
Defoamex kg/m3 1,500
K+-Formate [tr/ m3 833,000
Flovis kg/m3 4,000
Flotrol kg/m3 15,000
Safescav HS Itr/ m3 5,000
Magnesiumoxide kg/m3 4,000
Sized CaCOs kg/m? 70,000

Table 6-14: Estimated quantities of materials for the preparation of the drilling mud per well
section

Section | ] 1] \Y

Bentonite (M-1 GEL) kg 40.000 42.000 12.000

Caustic soda kg 425 1.250

Soda ash kg 575 425 625

Polypac UL kg 3.350 8.675 800
CMC HV kg 1.675

Polydrill kg 1.850

LUBE 167 Itr 12.400

NaCl kg 173.650

KCI kg 50.000

KLA Cure Itr 9.200

Barite kg 421.500

Defoamex Itr 1.000

K+-Formate m3 225
Flovis kg 1.075
Flotrol kg 4.050
Safescav HS kg 1.400
Magnesiumoxide kg 1.075
Sized CaCOs kg 18.900

6.2.4.2.8.5 Mitigation of drilling fluid losses

Loss of circulation is defined as the loss of drilling fluids from the well into the surrounding
geological formations during drilling. In this case, the bore of the well may not remain filled with
drilling material even if the pumps turn off, resulting in reduction of the hydrostatic pressure in
the well and therefore the pressure that is applied on the hydrocarbon formation decreases. In
this case drilling is out of control. To regain the control of drilling, and in particular pressure
control of hydrocarbons formation, the losses must be stopped.
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There are several techniques that are applied in case of fluid loss, depending on the severity of
the occasion (for more details see next section). The used products seal the drillings and pores
of permeable formations, in order to avoid drilling fluid losses during drilling and tubing. These
products react with the drilling mud at the bottom of the well, creating a mass, which allows re-
drilling and therefore regaining control of the well.

6.2.4.2.8.6 Well control

The planning of a well is made in such a way as to maintain the density of the drilling fluids, so
that they apply a static pressure at the rock formations, greater than the formation pressure but
not so high that mud losses occur. After research, appropriate depths are selected for the
position (depths) of the conductor strings, described above, in order to contain loose rock
formations, thereby allowing increases in the pressure of the drilling liquids, as required to
exceed the pressure of the rock formations.

In cases where a well kick occurs then the BOP system will be used. In the layers above the
evaporitic top seal formation pressures greater than hydrostatic (i.e. the pressure that would be
exerted by a column of fresh water) are unlikely to be exceeded. Since the water-based drilling
fluids have a greater density than water, there is a very low probability of sudden inflow of fluids
of the formation into the well, under normal operating conditions. Nevertheless, the Wellbore
Control Plan will be applied, which specifies all the necessary preventive actions, as well as the
treatment means, according to Best Practice Guide for Drilling Program. Once drilling through
the evaporitic section and the underlying hydrocarbon charged sections pressures in excess of
hydrostatic will be encountered as the Epsilon field remains at virgin pressures (which are in
excess of the hydrostatic pressure at an equivalent depth). Management of mud weights is
therefore very critical in these deeper horizons.

In the Prinos wells the reservoirs penetrated have been significantly depleted over the last 35
years and pressures are now less than hydrostatic. Drilling mud weights therefore are reduced
once the cap rock has been penetrated. High-pressure zones remain within the cap rock and
hence when drilling this section high mud weights are required. Oil based mud is employed whilst
drilling through the evaporates to prevent swelling of embedded clays and hence stuck pipe
incidents.

6.2.4.2.8.7 Crew

The normal crew of the Energean Force tender assisted barge is 72 split into two shifts of 12
hours each. All staff is accommodated offshore in an accommodation unit that currently can hold
100 people. Staff travels to and from the rig by boat from Kavala. Whilst drilling is ongoing
contractor staff supplement the rig crew. The number of such staff varies considerably and is a
function of the activities being undertaken. Typical contractor staff includes directional drillers,
mud engineers, geologists, cementing engineers, solids handling crew, etc.

The rig is supported by a fleet of vessels and support ships that are also owned by Energean.
These vessels also support ongoing production operations at the rest of the Delta complex,
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transfer staff to Kappa and will in future transfer staff to and from Lamda. Approximately 25
people work on these vessels.

The crew that will work during drilling is described below:

e Dirilling rig crew 15-20
e Maintenance crew 15-18
e Barge crew 8-10
e Catering crew 5-8

e Work floor area crew  10-15
e Dirilling supervision 3-5
e Service staff 4-15

The above staff is included in the overall personnel presented earlier.

6.2.4.2.9 Personnel estimate

Energean already employees a number of technical and administrative people to carry out its
day to day operations as presented earlier. Those are supported by the contractors’ personnel
and the personnel on board the drilling rig ‘Energean Force’ as also presented earlier. The future
plans for installing the future platforms Lamda and Omicron ensures the viability of the
operations as they are today and continued employment of existing staff. It is not expected that
the new projects will increase staffing numbers due to the small size of the new installations.

6.2.4.3 Abandonment Phase
6.2.4.3.1  Abandonment of drilling wells

As mentioned earlier, wells can be abandoned permanently or temporarily.
More specifically:

e Temporary abandonment of drilling wells: the borehole of the well will be protected
against any damage. A common practice is the use of a well grout with a proper marking,
for easily locating the well in the future. The structures and grout used for temporary
abandonment will be monitored for the avoidance of any pollution risks (i.e. by
leakages). The seabed disturbance will be minimum and no drilling fluids will be
dispersed through the borehole.

e Permanent abandonment of drilling wells: the same procedures and pollution prevention
measures will be applied, as in the temporary abandonment of the drilling wells.
Furthermore, a well grout in the hydrocarbon zone will be installed, for the prevention of
the non-hydrocarbon zone.

6.2.4.3.2 Decommissioning of platforms

Before platform removal, the wells will be abandoned as described above and the process
systems will shut down and cleaned.
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Generally, the decommissioning of the existing installations is divided in the following discrete
modules:

e Hook-down: prior to removal of the facilities, a hook-down team will sever all necessary
topside-jacket connections and install the necessary padeyes to the topsides. These
operations can be done by local resources.

e Dispersal of drill cuttings: Accumulated drilling cuts on the piles of the Alpha and Beta
drilling platforms will be removed. The cuttings will be removed from around the jacket
to prevent their presence hindering jacket removal operations. The dispersal activities
will be performed by divers deployed from the platform dispersing the piles using water
jetting nozzles. The divers once mobilized to disperse the drill cuttings will, also,
disconnect the pipelines from the base of the risers.

o Removal: The lift vessel will then be mobilized to site to remove the platforms. Topsides
and bridges will be removed first to gain access to the pipe internals. Charges will be
run down the inside of the piles and detonated. Once the piles have been cut, the lifting
vessel can lift and load the jackets on barges.

e Disposal: Following the removal of the platforms it is assumed that either onshore
deconstruction or recycling of the material or deep-water disposal will be the preferred
disposal route (note: this alternative disposal option is discussed as detailed below).

The new platforms (Lamda and Omicron) employ a design that enables them to be removed and
reused at an alternate location using the reverse of the installation procedure. This reduces the
cost of abandonment activities significantly and clearly allows for fuller recycling if re-use can be
achieved.

More specifically:

The baseline abandonment operation for the existing facilities is to remove the platforms and
load them on barges for towing to shore for offloading and dismantlement. It is assumed that all
hook down activities have been completed prior to mobilising the crane vessel to site and that
all drill cuttings have been dispersed from around the base of the drilling platform jacket.

Typically, the removal operations will involve a crane vessel positioning itself adjacent to the
platforms and removing the bridges, topsides and jackets in a pre-determined sequence and
placing them on a pre-prepared cargo barges for transport to a suitable final destination. In
calculating the size of and number of barges, the dimensions of the platforms are required.

Activities will be scheduled to minimize the crane vessel time on location. Therefore it is
proposed to remove bridges and topsides first to allow the DSV/workboat to run explosive
charges internally down the piles and perform pile-cutting activities simultaneously to other
topside removal operations. Explosive cutting tools are envisaged for pile cutting however other
options such as diamonds wire and abrasive waterjet techniques could also be used.

More specifically, the SIP may be decommissioned in two main parts: topsides and hull. The SIP
hull can be removed/relocated/decommissioned by deballasting the ballast tanks and reversing
the suction operation. The SIP may be relocated to another similar location by towing in the
upright position. A small water depth variation is allowed for the SIP relocation. The hull will have
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towing pad eyes with a capacity sufficient for vertical tow. The topsides must be independently
removed/relocated/decommissioned in a separately operation.

An alternative decommissioning solution is the disposal of the platforms in deep-water. The exact
deep-water disposal technique applied will be a result of extensive environmental, legal, social
and technical studies.

This deep-water disposal solution had been examined in the past (1998) for the existing offshore
facilities. A crane-vessel, a special launch barge and explosive cutting tools will be used.

Proposed sites for the disposal are:

e 100 m depth at distance of 10 km S/SW of Kappa platform

e 200 m depth at distance of 15 km S/SW of Kappa platform

e 500 m depth at distance of 30 km S/SW of Kappa platform
All hook-down activities have to be completed prior to mobilizing the crane-vessels to site. The
procedures of drilling wells and drilling cuts are the same with the ones described in the basic
decommissioning solution.

In other shallow water oil and gas provinces platform jackets are employed to create artificial
reefs to aid the local fishing industry. Once removed jackets are laid horizontally on the seabed
in an agreed location. They are covered by wire or rope meshing to give a structure to encourage
marine growth. Topsides would not be abandoned in this manner due to the potential for
remaining oil contamination.

6.2.4.3.3 Decommissioning of pipelines

All pipelines (i.e. existing and new pipelines) will be flushed with seawater to remove all
hydrocarbons. A portion of this water will be discharged into the existing water treatment facilities
at the Delta platform and treated to remove contaminates (as verified by monitoring) prior to
discharge to the sea. The other portion of the pipeline wash water will be sent through the line
for discharge via the Sigma plant. This waste water will be disposed of onshore through an
authorized waste disposal/treatment site as managed under the WMP.

6.2.4.3.3.1 Reinstatement of site

Due to the fact that all infrastructures are located offshore, the only reinstatement activities are
the prevention measures for elimination of pollution risk and for the minimization of seabed, as
described in previous paragraphs.
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6.2.5 Emissions and Material Use

6.2.5.1 Construction Phase
6.2.5.1.1 Raw Material Usage

Due to the nature of activities and the short duration of construction, minimal raw material usage
will occur during construction. This will consist mainly of the typical materials used for vessel
operation (e.g. fuel) and those associated with the presence of a workforce (e.g. water, food).

6.2.5.1.2 Noise emissions

During the construction phase of a typical upstream project noise emissions are associated with
two main elements; namely a) the number and size of the vessels employed and the overall
duration they are at site and b) the installation of piles to hold the jacket structure to the sea bed.
A typical execution strategy involves a heavy lift barge to place the jacket in position, tugs to
hold transportation vessel in placed, a piling spread, a floating accommodation unit to house the
large number of staff required plus vessels to bring supplies and remove waste to shore. A typical
construction activity can last 6 to 8 weeks.

Energean has selected a design concept that minimises the time required to install the new
facilities and avoids the use of heavy lift equipment, piling spreads and temporary living quarters.
The expected installation time is just 3 days and marine requirements limited to 2 tugs and a
dumb cargo barge. The quantity of noise from this spread is expected to be less than 1% of that
associated with a typical installation. The tugs to be employed re based in the Kavala area and
hence contribute sub-sea and airborne noise to the area currently.

Energean has also selected to use suction piles instead of driven piles to hold the structure in
place. When driving piles noise levels in excess of 180 dB are created sub-sea. These can
cause permanent damage to mammals within 2 to 10m distance and impact their normal
behavioural patterns up to 200m away. The use of suction piles avoids these significant noise
emissions. The only item installed subsea that emits noise will be the suction pumps that extract
water from the piles. These will operate for around 12 hours. They emit noise at a level of about
40 dB, similar to an idling car. These levels will have no impact on the environment.

Surface noise will also be limited by the fact that no heavy lifting gear is required and hence no
diesel engines. The topside structure is lifted into position using hydraulic jacks.

6.2.5.1.3 Emissions to air

Emissions to air during the construction phase are due to the flue gasses associated with the
marine spread employed. As described for noise emissions the selection of a Self Installing
Platform helps ensure that air emissions are brought to a level significantly lower than a typical
platform installation.
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6.25.1.4 Wastes

No significant waste streams are expected in the construction phase. The platform topsides will
be fully constructed onshore and hence there will be little need for mechanical operations
following platform installation other than the mating of pipelines and risers subsea.

There will be no offshore accommodation in the field and hence no human related waste streams
to deal with.

6.2.5.2 Operating Phase
6.2.5.2.1 Raw material usage
6.2.5.2.1.1 Use of chemicals

The offshore processing on the Prinos complex that takes place in platform Delta consists
basically of:

e 3- Phase (0il, gas and water) production separation

e Well production testing

e Crude dehydration

e Crude oil transfer to shore, with high pressure pump via 8” submarine pipeline

e Gas dehydration (BASF)

e Treatment of waste water for disposal (de oiling and stripping)

e Sea water injection

For the above processes, the following chemicals are used on Delta platform:

Table 6-15: Chemicals currently used on existing facilities

MSDS |

Demulsifier EC-2173A

Scale inhibitor EC-6156A and EC-6187A
Corrosion inhibitor EC-1175A and EC-1185A
Antifouling EC-6201A and EC-6388A
Oxygen scavenger EC-6213A

Cationic polyelectrolyte EC-6176A

Triethylene glycol BASF

Methanol

Citric acid

For each stage a different chemical is used:

o Demulsifier (EC-2173A): A demulsifier is required to prevent the formation of emulsions
within the overall production system
e Scale inhibitor (EC-6156A and EC-6187A): This chemical is required in order to prevent

scaling, due to the high salinity of formation of water.

e Corrosion inhibitor (EC-1175A and EC-1185A): For prevention of corrosion, inside the
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offshore flowlines and pipeline, two types of corrosion inhibitors are used.

Antifouling (EC-6201A and EC-6388A): Antifouling agents are used for the protection of
equipment from algae and bacteria growth.

Oxygen Scavenger (EC-6213A): Oxygen is removed from the seawater, by the use of
oxygen scavenger, for protection of corrosion by the growth of certain bacteria.

Cationic polyelectrolyte (EC-6176A): This polyelectrolyte is used for flocculation of salts
etc.

Triethylene glycol (BASF): Triethylene glycol is used in order to remove the water from
the sour gas and prevent corrosion of the 12” sour gas pipeline.

Methanol: Methanol is to be used as the hydrate inhibitor.

Citric acid: This type of acid is used for scaling cleaning

Moreover, Prinos Delta will supply chemicals to the new satellite platforms maximizing the use
of the umbilical and minimizing the need to send operators to the platforms. The chemical

injection area of Delta platform will be upgraded to accommodate new chemical injection

equipment.

The relevant layout plan is presented in the below.

Chemicals will be injected with the wells and platform in flowing status. No chemical injection is

required with the wells closed in thus limiting maximum pressures required to inject at Lamda
platform. Subsequently, Omicron platform will be installed south of the Prinos North field. The

two platforms will be essentially identical.

Page | 6-83



_ ENVIRONMENTAL & SOCIAL IMPACT ASSESSMENT (ESIA)
ENERGEAN FOR PRINOS OFFSHORE DEVELOPMENT PROJECT

OIL & GAS CHAPTER 06

ENSTING  WALKWAY

N\, 7 i
N !
X

235

TN
13001 N,

N\,

2
| 72X
N

2135

Drawing 6-1: Accommodation of chemicals
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The chemicals that will be used are presented in the following table below.

Table 6-16: Chemicals currently used on existing facilities
MSDS

Corrosion inhibitor EC-1175A
Demulsifier EC-2173A
Asphaltene EC-3019A
Hydrate inhibitor (methanol)

Scale inhibitor EC-6187A

More specifically:

The current Prinos Delta corrosion protection scheme will be adopted for use on the new
platforms. The current scheme has proven that the use of carbon steel pipework with
suitable corrosion inhibitor injection is acceptable. Corrosion inhibitor will be injected
continuously at a point upstream of the relevant well choke valve.

Demulsifier will be injected continuously at the inlet to the export pipeline on both
satellites. Demulsifier is required to prevent the formation of emulsions within the overall
production system. An additional demulsifier injection point will be installed at the test
manifold

Asphaltene precipitation problems are expected in the Epsilon wells and potentially on
wells drilled from Omicron. Asphaltene precipitation is to be mitigated via continuous
down hole injection by means of a deep set Chemical Injection Valve (typically 3/8”
control line) which will be installed with the injection point set as low as possible along
the tubing so as to maximize the effect of the asphaltene inhibitor. The preferred
Chemical Injection Valve location is below the production-tubing packer.

A hydrate inhibitor is required for discontinuous use during start-up and planned
shutdowns to prevent hydrate formation in the flowlines and multi-phase pipeline.
Methanol is to be used as the hydrate inhibitor. Currently the design assumes a separate
Methanol injection system.

Scale inhibitor is expected on wells with high formation water production, mainly
anticipated on Omicron wells, where higher aquifer support is anticipated. Injection is
done down hole using the same control line as the asphaltene inhibitor injection. Note
that Asphaltene and scale inhibitor will not be injected at the same time.

The injection system scheme between Delta and Lamda / Omicron is provided in the following

diagram:
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The chemical hazards associated with the selected chemicals will be mitigated via the current

Prinos Delta operating procedures. The physical properties of the injection chemicals have been

taken from the Nalco Material Safety Data Sheets provided by Energean.

Table 6-17: Chemical properties for the offshore facilities

Chemical Nalco No. Fluid Fluid viscosity Flash Vapour
density (dynamic: cP) point (°C) pressure
(kn/m3) (kinetic: cst) ((GEY)
Demulsifier EC-2173A 23.35 cst 65
Scale inhibitor EC-6156A 4 cst >93.3
N 8cst(0°C)/3.6
Scale inhibitor EC-6187A 80 3.2(25°C)
(25 °C)
Corrosion
o EC-1175A 100
inhibitor
Corrosion
o EC-1185A 1.6 cst (40 °C) 31
inhibitor
Antifouling EC-6201A 1.40 cst (40 °C) >100
o> 2 Antifouling EC-6388A 9.6 Ib/gal >93.3
£ o
> E Oxygen
% @ EC-6213A 1.60 cst (20 °C) 3.2
(0 < scavenger
Cationic
EC-6176A 560 cst (21 °C) >93.3 3.19
polyelectrolyte
177 (closed
Triethylene cup) /
glycol 165.5
(open cup)
Hydrate 12 (closed
inhibitor - cup)/ 16 12.3
(methanol) (open cup)
Citric acid -
Asphaltene
o EC-3019A 1100 7.2cP 70 4.0
n inhibitor
I
(&) .
= Corrosion
) - EC-1175A 1040 10.4 cP 100 See Note 1
< inhibitor
% Demulsifier EC-2173A 930 7.6 cP 65 3.2
T Scale inhibitor EC-6187A 1040 21.7 cP 80 See Note 1
Hydrate - See note 2 See note 2 See note 2 | See note 2
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Chemical Nalco No. Fluid Fluid viscosity Flash Vapour
density (dynamic: cP) point (°C) pressure
(kn/m3) (kinetic: cst) ((GEY)
inhibitor
(methanol)
Notes:

1. Water based chemicals, water vapour pressure to be assumed
2. Methanol system to be verified.

Dosage rates have been defined for each chemical that is continuously injected. These are
indicated in the tables below:

Dosage rates have been defined for each chemical that is continuously injected. These are
indicated in the tables below:

Based upon the above dosage rates and mid case production forecasts the following annual
consumption levels for both Lamda and Omicron platforms have been calculated.

Table 6-18: Expected dosage rates - Delta

Chemical Dosage Dosage Oil/water Dosage
basis (ppm) flow (bpd) (tn/yr)
EC-2173A Oil + water 25 ppm 30
EC-6165A Oil + water 7ppm 4.2
EC-6187A Oil + water 25 ppm 2
EC-1175A Oil + water 8 ppm 12
EC-1185A Oil + water 8 ppm 15
EC-6201A Oil + water Butch: 200
litre twice 12
per week
EC-6388A Oil + water - 20
EC-6213A Oil + water 10 ppm 10
EC-6176A Oil + water 2 ppm 6
Triethylene glycol Oil + water Quantity 8
tn in closed
loop system 6
with
regeneration
Hydrate inhibitor Oil + water Delta plt.
(methanol) actual:
Small 0,5
guantities at
winter time
SLDK
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Chemical

Dosage Oil/water Dosage

(ppm) flow (bpd) (tn/yr)

Citric acid Oil + water 8

Table 6-19: Expected dosage rates - Lamda

Chemical Dosage basis Dosage (ppm) Oil/water Dosage (I/h)
flow (bpd)

Asphaltene o]]

inhibitor 250 12,000 19.9

Corrosion inhibitor Oil + water 200 18,000 24.0

Demulsifier Oil + water 50 18,000 6.0

Scale inhibitor Oil + water 40 18,000 5.0

Hydrate inhibitor Oil +water See note 1 See note 1 See note 1

Notes:

1. Methanol will be used on planned shut down and cold restarts. These events will be rare
and methanol is only required between October to May period. Total volume injected for
each planned event is estimated between 2 to 4 m? at typical injection rates of 5-10 ms3/hr
(meaning the dosage operation is typically less than 30 mins).

Table 6-20: Expected dosage rates - Omicron

Chemical Dosage basis Dosage Oil/water flow | Dosage (I/h)

m (bpd)

Asphaltene inhibitor o]] 250 6,000 10.0
Corrosion inhibitor Oil + water 200 9,000 12.0
Demulsifier Oil + water 50 9,000 3.0
Scale inhibitor Oil + water 40 9,000 2.4
Hydrate inhibitor Oil + water See note 1 See note 1 See note 1

Notes:

1. Methanol will be used on planned shut down and cold restarts. These events will be rare
and methanol is only required between October to May period. Total volume injected for
each planned event is estimated between 2 to 4 m? at typical injection rates of 5-10 ms/hr
(meaning the dosage operation is typically less than 30 mins).
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Diagram 6-5: Chemical consumption per type and year

Table 6-21: Annual chemical consumption rate for Lamda & Omicron (m3/annum)

Average of

Average of ClI Average of Average of
Row o Asphaltene o
(CK-990G or Demulsifier (EC- _, Scale inhibitor
levels Inhibitor (EC-
EC-1175) 2173A) (EC-3019)
3019)

2016 3.3 0.8 2.9 0.7
2017 9.0 2.3 8.4 1.8
2018 9.0 2.2 9.1 1.8
2019 10.0 25 9.1 2.0
2020 8.3 2.1 6.3 1.7
2021 7.4 1.9 4.7 15
2022 7.2 1.8 3.9 1.4
2023 7.4 1.9 3.4 1.5
2024 7.5 1.9 3.0 15
2025 7.5 1.9 2.6 15
2026 7.6 1.9 2.4 15
2027 7.8 1.9 2.2 1.6
2028 7.9 2.0 2.1 1.6
2029 8.1 2.0 2.0 1.6
2030 8.2 2.0 1.9 1.6
2031 8.3 2.1 1.8 1.7
2032 8.4 2.1 1.7 1.7
2033 8.5 2.1 1.6 1.7
2034 8.6 2.2 15 1.7
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As mentioned previously the hydrate inhibitor (methanol) will be used in a discontinuous way
during start-up and planned shutdowns, so as to prevent hydrate formation in the flowlines and
multi-phase pipeline. Up to two planned events per year are currently foreseen.

6.25.2.1.2 Fresh water use

There is no routine consumption of potable water on the Lamda platform.

Omicron will be equipped with permanent equipment to allow it to wash wells associated with
formations that have high formation salinities (Prinos North currently). NaCl salt precipitates in
production tubulars due to temperature and pressure changes. These restrict and eventually
block affected wells. By installing permanent equipment the time required to execute a water
wash will be significantly reduced compared to similar jobs performed on Prinos.

e The fresh water will be supplied by supply boat and bunkered in a ~30m? fresh water
tank. The fresh water tank will be provided with electrical heater.

e An electrical driven pump will be installed to perform the water wash and/or squeeze
jobs. Flow characteristics: max 3 bpm, at 4,500 psi.

e A chemical tank to receive chemical dedicated to squeeze jobs: scale or asphaltene

This permanent equipment will only be installed on Omicron platform.

6.2.5.2.2 Noise emissions

The additional noise sources from the new installations will be mainly due to the drilling
operations and the associated marine traffic. Marine traffic requirements are limited by the
selection of Normally Unmanned Installations. Visits will occur at most every two weeks using
existing vessels that move staff between shore and Prinos or Prinos and South Kavala.

The most significant potential noise emissions during the operational phase are those associated
with the installation of the conductors for the new wells to be drilled from Lamda. No conductors
are required for the wells to be drilled from Alpha as the planned wells are all side tracks.
Conductors are traditionally hammered into the se-bed to a distance of 40 to 50m to support the
wells drilled from a platform. These are large diameter (30”) tubes through which the well is
drilled.

When hammer driving conductors sound levels up to 180 dB can be generated. This compares
with 120 dB from the typical marine craft that service offshore oil and gas platforms. These high
levels are potentially hazardous to marine creatures. The hearing of mammals can be damaged
at these levels in a range of 3 to 10m (depending on noise frequency) with behavioural
modifications noted out to 200m.

To limit the impact of this noise Energean plans to:

1. Undertake all piling required in a single campaign thereby limiting any noise emissions
to as short a period as possible. Five conductors will be driven initially. This will take
approximately 5 days to complete, although noise would only be generated for about a
third of this period.
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2. Once soil survey results have been analysed, if the soils are found to be as soft as
expected in the shallow strata that have to be penetrated, vibro piling equipment will be
employed instead of hammer pile. Vibro piles generate a noise level of about 80 dB and
hence is below the level of noise generated by waves etc.

No major noise sources are to be located on the new facilities. No rotating equipment except for
small capacity electric pumps is included in the design. The installations include no flares. Hence
in the operational phase the facilities themselves should be almost silent. In the first 9 to 15
months of operations drilling activities will take place. The noise from the drilling equipment used
will dominate noise emissions in this period.

Naturally occurring noise levels in the ocean as a result of wind and wave action, may range
from 90 dBA re 1uPa under very calm, low wind conditions to 110 dB re 1uPa under windy
conditions. Certain aspects of drilling campaign could generate noise in excess of the
aforementioned ambient conditions. Many measurements have been made around the world
regarding noise levels associated with rigs in idle and drilling conditions. Shell Australia
conducted detailed studies in 1998 where noise levels for a rig under static conditions were
compared with a rig in drilling conditions. The noise levels from a supply boat servicing the unit
was also measured and compared with the noise from the rig (R.McCauley, 1998, Radiated
underwater noise measured from the drilling rig Ocean General, Rig Tenders, Fishing vessels
and natural sources in the Timor Sea, Australia). Noise levels during drilling and non-drilling
periods (i.e. the noise from rig generators, human activity only) were similar. 125m from the rig
a level of 117 dB was recorded. When offloading activities from support vessels using bow
thrusters took place noise levels peaked at 134 dB. Still water background noise levels were
recorded at 90 dB.

This data confirmed earlier measurements for production drilling units as tabulated below.

Hence, although the ‘Energean Force’ rig will introduce an increased level of noise above
background this level is not expected to be any higher than the noise level generated by other
marine craft in the area, including those that service the existing platforms.

Table 6-22: Sound sources from drilling activities

Producti Frequenc Average Estimated received level at different ranges
roductio

drill y range source level (km) by spherical spreading (dB re 1uPa-m)
n drilling

10.0 km 100.0

Production

- 0.25 163 123 102 77 2
drilling
Drill ship 0.01-10 175 -191 127-131 106 — 110 | 81-85 6-10

Source: Evans & Nice, 1996; Richardson et al, 1995

6.2.5.2.3 Emissions to air
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Emissions to air will be generated from support vessels and the Energean Force. The other
source of emissions to air will be from the combustion of sour natural gas during flaring; however,
flaring on the new platforms will be extremely limited. No continuous flaring will occur (unlike for
the existing Prinos Complex) and flaring will only be used during maintenance activities (i.e. to
evacuate lines for safety reasons). Given the limited amount of emissions and distance from
receptors for air quality, these emissions are not considered to significantly contribute to reduced
air quality.

6.2.5.2.4  Wastes
6.2.5.2.4.1 Wastewater (WW) generation

No wastewater (WW) is generated on the proposed satellite platforms. All water produced from
the planned new wells is passed to Prinos Delta where it is separated and treated in existing
systems and then discharged to sea. Expected annual produced water volumes for Lamda and
Omicron are indicated below

Table 6-23: Produced water forecasts (m3/annum)

Average of avg. water .
Row levels Average of avg. water (Omicron)
(Lamda)

2016 2,169.1 0,0

2017 4,321.7 468.2
2018 1,308.9 2,243.9
2019 2,607.1 2,957.7
2020 4,357.7 2,271.4
2021 5,167.0 2,399.1
2022 6,026.4 2,542.9
2023 6,922.3 2,752.0
2024 7,675.9 2,895.5
2025 8,241.5 2,988.9
2026 8,816.9 3,022.6
2027 9,341.6 3,056.6
2028 9,794.0 3,167.0
2029 10,2245 3,208.4
2030 10,579.2 3,267.4
2031 10,895.0 3,369.3
2032 11,192.7 3,461.4
2033 11,502.4 3,498.5
2034 11,759.6 3,570.3

The above quantities will be added to the existing flows currently operating in Delta and will not
increase further the design capacities.

The only liquid “waste” stream generated on the new satellites is the result of rainwater entering
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the closed drain system via bunded areas with the potential to contain hydrocarbon substances.
To minimise such volumes the size of bunds has been minimised and shelter to prevent blown
rain provided where possible.

An analytical Waste Management Plan, (WMP) that includes both wastewater and solid waste
is provided in the Annex 10, that gives analytical guidelines of the management of the project
waste quantities.

6.2.5.2.4.2  Naturally occurring radioactive material

Naturally Occurring Radioactive Material (NORM) is not anticipated to be different than those
associated with Prinos formations. Most drill cuttings produced historically from the Prinos wells
have levels of radioactivity in line with background levels. However occasionally batches of
cuttings with levels of up to 600-700 nSv/hr are produced. To date these small volumes have
been stored in covered concrete bunkers at the Sigma site. Sigma staff is responsible for
managing waste disposal have access to a Geiger counter and routinely check skips of cuttings
received onshore. Any with spuriously elevated radioactive levels will be stored in the same way
rather than transferred to the normal waste management contractor. Energean are currently
discussing with the relevant Greek authority a long-term solution for the small volumes of waste
with elevated NORM levels.

6.2.5.2.4.3 Solid waste

As mentioned above, an analytical Waste Management Plan, (WMP) is provided in the Annex
10 that gives analytical guidelines of the management of the project solid and liquid waste
quantities.

6.2.5.2.4.4  Non-hazardous waste (nHZW)

A range of non-hazardous waste streams are anticipated to arise during the drilling activities.
The generation of non-hazardous waste shall be minimised through the implementation of the
waste hierarchy at each stage of the drilling activities. Waste streams shall be segregated and
compacted (where suitable facilities exist).

These non-hazardous wastes are mainly generated from the personnel of ‘Energean Force’. For
the purposes of the ESIA it is assumed that 116 persons (all shifts) will be present for 365 days
in ‘Energean Force’, thus an estimated amount of 42,340 kg/yr of domestic wastes will be
generated. Most of them will be biodegradable waste from the kitchen (a percentage of 60% is

used for the calculations). The estimated amounts of non-hazardous wastes are:

e Paper and cardboard (20 01 01) : 8,460.80 kglyr
e Biodegradable kitchen & canteen waste (20 01 08) : 25,404.00 kglyr
e Plastic (20 01 39) 1 2,115.20 kglyr
e Metals (20 01 40) :2,115.20 kglyr
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e Mixed municipal wastes (20 03 01) : 4,234.00 kglyr
Non-hazardous waste must be packaged in suitable containers and securely stored prior to
transfer to Sigma Onshore Facilities. The burning or incineration of non-hazardous waste is
prohibited on platforms.

Non-hazardous waste generated shall be transferred to Sigma Onshore Facilities and then by
means of local municipality, for disposal. All transfers of non-hazardous waste must be
accompanied by the required documentation as detailed in WMP.

The domestic waste produced in existing platforms will follow the same methods applied, as in

so far.

6.2.5.2.45 Hazardous waste (HZW)

From the drillings taken place in Alpha and Beta oil-containing drilling muds and waste (01 05

05%*) are produced and will be produced in the same flow in the future.

Hazardous wastes from the current facilities are produced in Delta platform. These are wastes
generated during maintenance, which lasts 15 days every 30 months. These hazardous wastes
are produced from cleaning of collection vessels V-101 A/B, V-107 ka1 V-102 and consist of oily
sludges (mixtures of heavy hydrocarbons containing mainly asphaltenes), oily rags, absorbents

etc.

The same type of hazardous wastes will be generated from the maintenance of Lamda and

Omicron, though is smaller scale due to the fact that no process activities will take place there.

The estimated hazardous waste production, in total from all platforms is:

e Qil-containing drilling muds and wastes (01 05 05*) : 1,000,000 t/yr
e Qil sludges from maintenance operations (05 01 06)* : 60,000 t/yr
e Qily water from oil-water separator (13 05 07*) : 60,000 t/yr

e Absorbents, filter materials (including oil filters not otherwise specified), wiping cloths,

protective clothing contaminated by dangerous substances (15 02 02*) : 1 t/yr

All waste oil and water contaminated with oil will be collected to the specific tanks of the
‘Energean Force; and when the capacity will reach the 75% of the total capacity of the dedicated
tanks, then the liquids must be transferred. ‘Limin Prinos’ barge can receive the liquid waste, in
the same way as receives them from Delta platform, and transported to Sigma Onshore Facilities

for disposal as per Facilities Approved Environmental Terms.

Hazardous waste generated offshore is transferred to Sigma Onshore Facilities by a barge.

6.2.5.2.4.5.1  Drill cuttings

A type of hazardous waste produced is the drill cuttings. Drill cuttings need to be treated to
remove solids from re-circulating mud stream. Any solids that are not contaminated with toxic
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substances are discharged to the sea. Any cuttings contaminated by hydrocarbons from the
geological formation or due to the oil-based mud will be separated at the drilling unit. These
cuttings will be monitored, handled and treated to ensure no uncontrolled discharge to sea.

Cuttings from the planned wells are removed in the mud package forming part of the ‘Energean
Force’ drilling rig. Wet cuttings are transferred to a rented solids management system that can
be located on the ‘Energean Force’ barge (Prinos drilling) or on the top deck of the satellite
(Lamda and Omicron). Cuttings are centrifuged to remove the majority of mud and then dried.
Dried cuttings are placed in skips and then transferred onshore for further treatment and disposal
via a certified waste management contractor. No cuttings are disposed of at sea.

After on board treatment the contaminated drill cuttings are contained and transported to Sigma
Onshore Facilities, from where they are further collected by appropriately licenced company.

In a typical Epsilon well approximately 1,448 tonnes of cuttings will be generated, hence in the
P50, seven (7) well programme approximately 9,000 tonnes of solid waste will be generated.
The waste generated from drilling operations on Omicron will be less, as the fields in this area
are shallower. Drilling operations at Prinos generate small volumes of cuttings, as all currently
planned wells are small diameter sidetracks.

The overall waste management plan provides analytical the projected types, quantities and
management means of all produced and expected to be produced wastes.

The full fledge waste management plan is included as part of the ESIA, in the Annex 10.

6.2.5.3 Abandonment Phase
6.2.5.3.1 Raw Material Usage

Raw material usage will be similar to construction, but with the addition of cement to plug wells
and potentially explosives to cut legs for the existing platforms (not the new platforms).

6.2.5.3.2 Noise Emissions

As per the construction phase, noise levels are largely dominated by the size of the construction
fleet used. For the existing traditional jackets the scope and duration of the abandonment
exercise will be relatively significant lasting more than a month. It will require the use of a heavy
lift crane mobilised to the area. Offshore accommodation will be required. Noise levels would
be expected to be similar to continuous marine activities in the area. These activities will
generate noise levels that could disturb marine creatures in the local area.

The other major source of noise is due to any cutting of the structures required. As the Prinos
platforms are located in shallow waters the only cutting required would be immediately above
the seabed. Historically explosives have been used. The current expectation is that explosives
would not be required. Water jetting or the use of abrasive wire cutters techniques is now
available and it is anticipated that these techniques would be employed, although slower to
implement.

Abandonment of the new facilities would have a much lower impact as they will be refloated and
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either moved to a new location of dismantled on shore.
6.2.5.3.3 Emissions to Air

Emissions to air will be similar to those generated during construction.

6.2.5.3.4 Wastes

The most significant waste generated in a decommissioning exercise is the marine growth from
the jacket structures. Studies from the North Sea (BP, Miller decommissioning EIA) have
concluded that it is preferable to remove organic matter offshore with water jets rather than
onshore during the scrapping stage. The marine environment is better able to cope with a large
influx of organic waste material than an onshore site.
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7 ALTERNATIVE SOLUTIONS

7.1 INTRODUCTION

This section presents details of the alternative development options investigated by Energean
when preparing the planned and potential extension projects outlined above. As per international
good oilfield practice Energean uses a formal stage gate process through which it progresses
its projects. This process commences with Feasibility. In the Feasibility stage the company
examined all potential approaches to developing the identified satellite fields. This is undertaken
by preparing tables that list for each element of the field development the viable alternatives and
then selecting from these to prepare extreme (or end point) development scenarios. These
development scenarios are often driven by a theme, which can be technology based (“maximum
use of Extended Reach Drilling”), execution related (“maximize potential for local content in the
execute stage”) or driven by consideration of the existing facilities (“maximize use of existing
infrastructure”). With “end points” defined these scenarios are combined and adjusted to give
as wide a selection of options as possible.

Based upon this work each potential development option is studied at a high level and then
compared on the basis of a number of screening priorities. These priorities include typical fiscal
measures (“total capex”, “NPV”, “annual operating costs”), measures such as “Flexibility” and
“Percievd Risk” — that relate to the executability and operability — plus of course “impact’

parameters such as “environmental”, “manning”, “safety” etc. Based upon this analysis between
3 to 6 potential scenarios are carried forward into the next stage (Concept), where they are
studied in more detail allowing the best option to be determined. The best option is the one that

is seen to be best able to meet the established objectives, namely:

e Minimize potential impact on the environment

e Ensure safety risk levels can be brought to ALARP

e Minimise project risk — focus on simplification of interfaces during installation phase

e Maximise use of existing facilities, and staff resources

e Maximise opportunities for Greek companies
Whilst of course also meeting or exceeding the economic thresholds required to allow the
projects to be sanctioned.

When developing fields close to existing infrastructure, particularly where that existing
infrastructure has spare capacity, the number of valid “end point” scenarios that can be identified
is normally limited. Clearly the most economic approach is to develop these fields as simple
satellites. In this case the focus of the Feasibility phase is the optimization of the satellite concept
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with the same core objectives in mind.

In the context of an Environmental and Social Impact Assessment this early phase of the project
is critical as this is the point where the largest opportunity to reduce overall impacts occurs. Itis
commonly understood that Feasibility and Concept is where “Value” is created. Later stages are
about preservation of Value or minimization of Value erosion. The same is clearly true with
regards to Environmental (and Safety) impacts. It is much more effective to engineer out
Environmental risks at the commencement of a project, than attempt to mitigate these during the
Execution and Operations phases.

In this section the alternative development options addressed by Energean in the Feasibility and
Concept stages are discussed and contrasted with the baseline option of not developing the
fields at all — the so-called “Do Nothing” option.

7.2 ‘DO NOTHING' OPTION

The “do nothing” option would represent a decision by Energean to make no further development
investments in the Prinos Area licenses. New wells would be drilled from the existing Prinos
assets and the discovered satellites would not be developed. No new exploration activities
would be undertaken. In the “do nothing” option production from the existing well stock would
gradually decline until a “break-even” production rate were reached. At current oil prices current
production is insufficient to cover ongoing operating costs. Hence if the “do nothing” option had
been selected the company would have had to either significantly reduce operating costs to
enable the venture to remain economically viable or shut down the facilities immediately.

A decision to significantly reduce operating costs whilst endeavouring to maintain production at
profitable levels would have the following consequences:

e Immediate impacts: those expected from the time Energean announces a halt to its
planned investments:
= Technical / environmental:
= Facilities would work under the design capacity, impacting equipment efficiency,
operational, safety and environmental performance.
= Spend on maintenance would be reduced as the facilities are “wound down”.
This would increase the chance of failures potentially with a negative impact on
environmental performance.
= Socioeconomic:
= Immediate ending of new investments, with knock-on socioeconomic impact to
the local market associated (directly/indirectly) with hydrocarbon exploitation;
®= Immediate end to hiring and investing in new people and expertise;
= Release of personnel to allow operating costs to be reduced and to reflect
gradual shut down of operating systems. Staff associated with expansion
projects would be laid off immediately
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e Long term impacts:

= Technical / environmental:

A large volume of hydrocarbons would remain unexploited, shutdown and
abandonment of the existing facilities would likely mean these discovered
volumes would never be produced.

= Socioeconomic:

Socioeconomic impacts due to the loss of employment for a significant number
of people, mostly employed from the local market;

Expertise loss, since the type of facility is unique in the Greek territory, the
experienced personnel will not be able to be absorbed by the market and
therefore they either have to change career direction or move abroad.
Moreover, financial loss resulted from a number of businesses that are dealing
either directly (subcontractors, suppliers) or indirectly (service providers), to
support the facilities, operations. More specifically, this means that in regional
and municipal level there will be a revenue loss (ie. local suppliers, salaries) of
about 2,6 m€ per annum (based on data by Energean®) and in national level
there will a revenue loss (ie. taxes, social insurances, public utilities) of about
3,2 m€ per annum (based on data by Energean?).

The Project will offer technological, research and educational opportunities both
at local and at national levels. A ‘do nothing option’ would deny the transfer of
these opportunities.

Based on the above the “do nothing” option was not considered as a viable way forward for the
assets discussed in the ESIA. Energean has invested substantial capital in demonstrating the

further potential of the Prinos Area. Whilst oil prices are currently low the best forward plan for

the company is to develop these discovered resources whilst the existing facilities have integrity.

This approach is also the most favourable from a socio-economic perspective whilst not

introducing unacceptable environmental threats.

7.3 FIELD DEVELOPMENT OPTIONS

7.3.1 Alternative Epsilon field development options

A number of potential development options for the Epsilon field were examined. These include:

e Option 1 — Minimum facility platform with dry Christmas trees at Epsilon & subsea

pipeline to Delta
e Option 2 — Extended Reach Drilling (ERD) from the Delta platform

8 It is noted that those data are based on existing financial data (2008 to 2014) and do not include the
potential revenues from the exploitation of Epsilon and north Prinos fields, which are expected to increase
further the contribution to the local and national economy.

9 As above.
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e Option 3 — Subsea installation at Epsilon (wet Christmas trees) and tieback to Delta
Option 1 is the preferred solution and is described in section 5 of the ESIA.

Option 2 is considered viable but less optimal than option 1. ERD wells drilled from Prinos would
be significantly more expensive and would generate more solid waste whilst presenting more
risks (for blowouts) whilst being drilled. The Prinos complex has a limited number of existing
well-slots. Use of 5 to 11 of these for the exploitation of Epsilon would have limited options for
further drilling at Prinos. Realistically a new drilling platform would have had to be installed at
the Prinos complex to allow Epsilon and Prinos infill projects to be executed. It was clearly better
to install this platform at the Epsilon field to reduce well complexity at the expense of a small
number of short pipelines. The Prinos North Area fields cannot justify the cost of ERD wells and
hence under this option these resources would not be developed. By designing and building the
Lamda platform the Company has the opportunity to build a second identical unit (Omicron).

Option 3 is to drill conventional wells but dispense with the requirement for a jacket and topsides
by installing subsea wellheads, manifold and wet Christmas trees, which are tied back to Delta
platform via subsea pipeline (in common with that of the chosen concept). This option is shown
in the following figure. This option was rejected as sub-sea wells present significant hazards to
the environment compared with surface wells on a new platform, particularly in shallow water.
This option would have required the use of two different drilling rigs and would have prevented
Energean purchasing its own rig and hence offering additional employment opportunities in the
region. The cost of this option was comparable with a surface development but was rejected due
to the perceived high environmental risks. Operating costs would have been significantly higher.

7.3.2 Alternative Prinos North field development options

The fields in the Prinos North area will be developed in a future phase after exploitation of
Epsilon. Although this subsequent project has yet to be approved Energean has considered
three alternatives, similar to the ones examined for Epsilon field development:

e Option 1 - Minimum facility platform with dry Christmas trees located between the
various discoveries and prospects and subsea pipelines to Delta or to/from Lamda.
e Option 2 - Extended Reach Drilling from the Delta platform.
e Option 3 - Subsea installation south of Prinos North with individual manifolds (wet
Christmas trees) located at each field and a tieback to Delta.
Option 1 is the preferred solution and is described in section 5 of the ESIA.

Option 2 has the same drawbacks as for the development of Epsilon. Clearly a larger platform
could have been installed at Prinos to allow all new wells to be drilled from one location. However
this would have necessitated a delay in developing Epsilon until the Prinos North area had been
further appraised and in any case was shown to be less economic than installing two identical
platforms. Design costs are significant compared with fabrication costs and hence the “design
one, build two” approach represents significant savings.

Option 3 has the same disadvantages as discussed for Lamda. Sub-sea tiebacks are normally
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only commercially and technically viable in deepwater areas where platform substructure costs
are large.

7.3.3 Evaluation of field development options

7.3.3.1 Evaluation of alternative options for Epsilon field development

The criteria for the selection of the best field development option were:

o Safety and Environmental:
= Risk
= Extent of constructions / total coverage of facilities
e Technological:
= Maximum use of existing facilities
= Simplicity
= Flexibility
= Ease in maintenance
e Financial
= Capital costs
= Operating costs

Table 7-1: Evaluation of alternative field development options

Criteria Option 1 - Minimum Option 2 - Extended Option 3 - Subsea

facility platform with dry

Christmas trees at Epsilon

& subsea pipeline to Delta

Reach Drilling (ERD) from
the Delta platform

installation at Epsilon (wet
Christmas trees) and
tieback to Delta

Environ- A minimum facility platform | Extended Reach Drilling A subsea development,
mental is a robust and conventional | increases the risk that particularly in shallow water
solution that has a minimal problems will occur during significantly increases the
environmental risk and a well construction activities. risk of incidents resulting in
small environmental This leads to an increased release of toxic
footprint, due to the fact risk of blowouts compared hydrocarbons to the sea.
that: with more conventional Regular well interventions
e No fluid process will drilling from a satellite are required because of
take place in the new platform. ERD drilling scale and asphalt
platform. however avoids the need for | precipitation. These
o No production facilities | installing new pipelines. activities are better
will be installed. ERD wells produce performed with dry trees.
e The new facilities cover | Significantly more solid Clearly a subsea
little area waste development would limit
o All production fluids, risks to personnel but at the
water injection, gas for expense of increased
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Criteria

Option 1 - Minimum
facility platform with dry

Christmas trees at Epsilon

& subsea pipeline to Delta

artificial lift, chemicals,
and power will be
transferred by subsea
pipeline and umbilical,
which the safest option

Option 2 - Extended
Reach Drilling (ERD) from
the Delta platform

Option 3 - Subsea
installation at Epsilon (wet
Christmas trees) and
tieback to Delta

danger to the environment.

Technical It requires minimum The option has many This option requires the
structures and has flexibility | technical complications. drilling with a jack-up rig. In
towards future well More specifically: Drilling addition, use of sub-sea
maintenance operations extended reach wells wells would make
(including well intervention represents an increase in subsequent access to the
requirements). Furthermore | length of approximately 50% | Epsilon wells only possible
this option allows early over their equivalent vertical | via a jack-up, i.e.
development and full-field version and, given the Energean’s own work-over
development wells to be technical complexity rig could not be employed.
drilled with a platform rig, involved, the period for Due to expected issues with
rather than jack-up, hence delivering each more than scale and asphaltene
substantially reducing doubles from 40 days to 90 | precipitation regular
drilling costs. days. Drilling extended interventions are envisaged.

reach wells also increases
risk levels and hence the
chance that one or more of
the planned wells cannot
reach their target.
Furthermore, extended
reach wells would also have
to be completed with an
east-west trajectory in the
reservoir section, which
would appear perpendicular
to the ideal orientation (i.e.
with respect to fracture
orientation).

Financial It has the potential for The drilling cost will be Initial capex was
further cost optimisation by | between 135 MM € and 189 | comparable but subsequent
employing more novel MM €, which is more than operating costs greater than
platform types and the total cost of the platform | either of the other options.
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Criteria Option 1 - Minimum Option 2 - Extended Option 3 - Subsea
facility platform with dry Reach Drilling (ERD) from | installation at Epsilon (wet
Christmas trees at Epsilon the Delta platform Christmas trees) and

& subsea pipeline to Delta tieback to Delta

installation techniques. of option 1.

The selected solution is option 1 (Minimum facility platform with dry Christmas trees at Epsilon
& subsea pipeline to Delta), because:

e |t has the smaller environmental footprint;

e |t has better economics than the other options considered;

e |t presents a robust and conventional solution and hence minimal risk;

e It presents flexibility towards future well maintenance operations (including well
intervention requirements);

o It allows early development and full-field development wells to be drilled with a platform
rig, rather than jack-up, hence substantially reducing drilling costs;

e |t has the potential for further cost optimisation by employing more novel platform types
and installation techniques.

7.3.3.2 Evaluation of alternative options for Prinos North field development

Option 1 was also selected for the potential development of the Prinos North area fields for the
same reasons as discussed for Epsilon. An additional advantage is that the same design would
be used for both platforms. This reduces cost and risk.

Having two identical platforms reduces the chance that operators make errors due to confusing
operating procedures for one facility with the other.

7.4 DRILLING OPTIONS

7.4.1 Environmental criteria for drilling locations

According to MD 170225/14 (Annex 4.5 / par. 8.1.1.10) the evaluation of drilling locations needs
to take into consideration environmental factors, on top of any technical / financial parameters.

An initial assessment showed that there would be very little or no variation in the environmental
parameters in possible alternate drilling locations, for the following reasons:

e Drilling associated with the Epsilon and Prinos North area field developments will take
place in the same marine area that the existing offshore facilities are located;

e The new infrastructure will be connected to the existing offshore facilities;

e The baseline analysis showed that the adjacent marine areas of the fields exploited (in
present and in future) by Energean are contiguous and very similar;

e The physiochemical analyses and the use of benthic bioindicators (as part of the ESIA)
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did not show any disturbances from existing facilities;
The planned drillings satisfies all criteria set by the law, as shown in the following table:

Table 7-2: Environmental criteria for drillings, according to MD 170225/14

Environmental criterion

1) Environmental sensitivity (ecological The physiochemical analyses and the
significance, water quality, benthos, protected | \;se of benthic bioindicators (as part of
areas etc) the ESIA) did not show any disturbances

from existing facilities.
The wells are far from protected areas.

The benthic and marine communities are
common, without any significant
ecological importance.

2) Correlation of the planned wells with present | The criterion is fully satisfied
wells, so as to avoid cumulative impacts in
the marine environment

4) Offshore pipelines and other infrastructures There drillings will take place outside of

the offshore pipeline safety zones

fishery, navigation the existing facilities where fishing is
prohibited. Navigation routes and fishing
grounds are not in the direct vicinity of
the project.

7.4.2 Drilling options for Epsilon field

7.4.2.1 Alternative options

The development of the Epsilon field has introduced the opportunity to revisit the way drilling
operations in the Prinos area are undertaken. The number of wells required for an effective
development of Epsilon ruled out the use of extended reach wells from Prinos.
Three drilling options were examined:

e Jack-up drilling rig

e Tender assisted drilling rig

e Modular platform drilling rig
Jack-up drilling rigs have been used for Prinos drilling to date. These have been mobilized to
drill small batches of wells from the existing Prinos drilling platforms — including medium-reach
ERD wells to both Prinos North and Epsilon. Jack-up drilling can only be achieved with small
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jackets with no more than twelve (12) well slots.

Tender assisted rigs are barge based mobile drilling units where the heaviest equipment (tanks,
pumps, accommodation) are located on the barge and the remaining equipment on the platform.
They include a heavy lift crane, which erects the drilling equipment set on the platform where
wells are to be drilled. The barge and platform are connected together by hoses and cables.
The area on the barge used to transport the drilling equipment acts as a lay down area once the
drilling equipment is erected on the platform. There is no limit to the number of well slots that
can be accessed from a tender rig. The required platform sub-structure is comparable with that
needed for jack-up drilling.

Modular platform drilling rigs are platform-drilling rigs that are designed so that they can be
moved from location to location. Once fully erected on a platform they are fully self-contained
needing no support from a barge or tender. This type of rig necessitates the use of a
larger/heavier platform substructure, as all weight has to be supported.

7.4.2.2 Evaluation of alternative drilling options for Epsilon field

The criteria for the selection of the best field development option were:
e Environmental: mainly in terms of extent of constructions / total coverage of facilities;
e Technical;
e Financial.

The number of wells required for an effective development of Epsilon ruled out the use of
extended reach wells from Prinos. Not only were the costs prohibitive compared with wells
drilled from a satellite platform but there were insufficient spare slots available at Prinos.
Extended Reach Drilling would have required a new well jacket to be installed at Prinos. In
shallow water depths a satellite platform and associated pipelines is normally cheaper and more
effective than just two to three (2-3) ERD wells. Field development studies undertaken for
Energean confirmed this.

The rig selection was driven by the need to keep overall weights within the limits of what could
be accommodated on the existing platforms, in order to:

e Avoid large expansions and

e Have the minimum structures in the marine environment
Prinos area reservoir fluids contain significant quantities of wax and ashphaltenes and formation
waters have high salt contents. Well completions therefore need regular interventions involving
the ability to pull installed completions. Whilst the Epsilon wells could have been drilled by a jack-
up, minimizing the size of the substructure, the platform had to be sufficiently large so that it
could accommodate both a work-over rig and coiled-tubing equipment to facilitate routine
interventions. A platform designed for a jack-up normally contains no more than 12 wells. Fifteen
(15) well slots were considered as optimal for the Epsilon development.

In shallow water, benign-weather, offshore areas with multiple medium sized drilling centres a
tried and tested alternative is the use of tender assisted drilling barges. After analysis it became
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clear that such an approach would be ideal offshore Northern Greece, because it satisfies
several criteria:

e Environmental: The use of a modular drilling rig at Epsilon would not increase structure
size over that required and could be applied at the existing Prinos platforms with minimal
modifications. There is no interaction between the rig and the sea bed in the vicinity of
the platform

e Technical: Metocean data for the Prinos area shows that wind and sea conditions are
ideally suited to this type of drilling technology. The modular drilling equipment sets
employed in tender assisted drilling are of similar weight to the medium rig already
employed on Prinos Alpha and re normally designed to operate on platforms with a
similar deck space as that required to accommodate a work-over rig.

e Financial: The costs of a jack-up drilling rig are significantly higher than the ones of a
tender assisted drilling.

As an alternative to the use of a tender assisted barge the Company also investigated the use
of a modular platform rig. The use of this technology would have necessitated use of a large
structure for the Lamda platform. The existing Prinos Alpha and Beta platforms could not be
upgraded to support such a rig.

Based on the above, Energean purchased a tender assisted drilling asset (‘Energean Force’
drilling rig) and refurbished this to internationally recognised standards during the winter of
2014/15.

7.4.3 Drilling options for future Prinos North field development

7.4.3.1 Alternative options

The intent of the Company is to use the same approach for Prinos North as selected for Epsilon.
Both areas are virtually identical (water depth, distance from Prinos and the coast and number
of wells required). Therefore whatever was demonstrated to be ideal for Epsilon would be
employed for Prinos North.

7.4.3.2 Evaluation of alternative drilling options for future field development

As discussed previously, similar drilling options to Epsilon field development will be applied and
therefore the same assessment of alternatives applies.

7.5 PLATFORM TYPES

7.5.1 Alternative options

As discussed previously, a minimum facility platform was selected as the best solution for the
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development of the new fields. There are a variety of such structures, used worldwide and the
following platform types were examined:

Monopile: Monopiles comprise a single (approximately 2.0 m to 3.0 m) column
supported on a 4.0 m to 5.0 m diameter pile driven into through the column into the
seabed. It normally is used in shallow locations, typically in 20m - 40m of water.
Monotower: This platform is similar to a Monopile, but supported on a suction anchor
rather than driven pile.

Vierendeel Tower: This structure type is commonly used for small platforms without
wells in relatively benign shallow water environments. It comprises a square-legged
jacket with external bracing for strength.

Conductor supported platform: installed with and only usable with a jack-up rig. Would
not support weight of existing work-over rig and hence not investigated in detalil
Self-installing platforms: a variety of self-installing platforms have been applied world
wide. These designs avoid the need for using a crane barge during installation. They
can be broken into two sub-classes: designs that self float (are buoyant); designs that
require use of a temporary installation/transportation barge.

Examples of installed aforementioned solutions are shown in the following photos:
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Photo 7-1: Vierendeel tower

Photo 7-2: Monotower Photo 7-3: Monopile

Self-installing platforms were investigated in some depth to determine whether they could be
applied in the place of a typical steel jacket. Self-installing platforms do not require the large
marine spread needed to install a typical piled jacket. Greece is relatively remote from offshore
support infrastructure and mobilizing specialist barges from the North Sea or Persian Gulf
represented a large cost and increased environmental impacts (emissions due to consumption
of fuel during transportation and installation). The following two-competing designs were
selected and addressed during FEED. One was considered the best buoyant sub-design and
the other the best non-buoyant design:

e Buoyant Tower or Self — Installing Floating Tower (BT/SIFT)
e Self Installing Platform 2 (SIP2)
More specifically:
The Buoyant Tower (BT) concept was developed to install a platform in a seismically active

offshore location in Peru. It was enhanced and modified for application in the North Sea and
renamed the SIFT. The BT is buoyant before, during and after installation. It “floats” in the seabed
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allowing it to withstand severe earthquakes. The SIFT is buoyant before installation but is
upended and sunk to the seabed during installation. Post installation it functions as a traditional
gravity based structure.

The design incorporates a combination of existing and proven technologies from deep-water
Spars and compliant structures, together with shallow foundations, to provide a cost effective
alternative to conventional fixed steel platforms.

Installation can be effected without the use of a derrick crane vessel and negates the need for
heavy duty piling and grouting of the foundations. In addition, the simple design and fabrication
principles optimize opportunities for regional fabrication and construction.

The SIFT, examined for the new fields, consisted of four cellular legs with each leg comprised
of tank compartments whose design would account for hydrostatic pressure and axial load, free
flooding and ballast tanks. The four cellular legs were structurally connected through horizontal
tubular frames.

The SIFT is grounded by suction piles, which protrude from the bottom of each cellular leg and

penetrates into the seafloor.

Figure 17: General view of the assessed BT/SIFT platform as alternative platform

The Self Installing Platform 2 (SIP2) chosen for the development of Epsilon and the Prinos North
area fields is fully described in section 5 of the ESIA.

7.5.2 Evaluation of Alternative Platform types

The solution of monopole / monotower was rejected for technical reasons. More specifically:

e Monopile: Single legged jackets can only accommodate a limited number of wells that
would be drilled from a jack-up rig. In a monopole the column is used to contain the pile
and hence wells have to be positioned externally. A maximum of 2 wells can normally
be accommodated. Risers are exposed. Use of a driven pile was not seen as desirable
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due to the need to mobilise specialized equipment.

e Monotower: Soil conditions were idea for a suction pile, however a one-legged platform

was not large enough to accommodate the planned number of well slots. Wells are

normally drilled through the central column. A SIP2 is effectively 4 mono-towers linked

by the topsides.

e Vierendeel Tower: This platform type is not strong enough to support a platform based

drilling rig.

For

technical/economical parameters considered were:

e Environmental:

= Minimum scale structure

= Quick and small scale construction

=  Minimal risk

e Technological: / economical:

= Flexibility

= Ease of maintenance

= Costs

Table 7-3: Evaluation of BT/SIFT and SIP2
BT/SIFT

Criteria

Environmental

Mobilization of a small fleet (2-3
barges, 1 supporting ship).
Some external resources, ie.
extended spreads might be
required.

Operational risks requires an
offshore float-over that increases
installation risk and hence impact
on environment.

Environmental footprint from
operation: Irrelevant to type of

the selection between the SIFT and SIP2 concepts the environmental

and

SIP2

Mobilisation of a small fleet of
tugs plus a transportation barge.
No need for external resources,
such as crane barges, piling
spreads etc. This option has a
minimum risk to environment.
Operational risks: identical for
any type of self-installing
platform.

Environmental footprint from
operation: Irrelevant to type of

platform. platform.
Technical / | * Installed in approximately a e Installed in a few days, rather
economical week. than a few weeks
e Minimal external resources are e No need for external resources,
required. such as crane barges, piling
e Flexibility: can be moved to spreads etc.
another location although would e Requires rental of strand jacks
need to topsides to be removed. e Flexibility: the structure can very
e Maintenance: Irrelevant to type of be transferred to another location
platform e Maintenance: Irrelevant to type of
SLDK
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e Costs: Similar. platform

The SIFT and SIP2 technologies are both similar as can be seen from the above analysis. The

e Costs: Similar.

SIP2 sub-structure was finally chosen as it was perceived to offer less installation risk due to the
avoidance of an offshore float over. Whilst both approaches use similar quantities of steel the
SIP2 leg fabrication is slightly simpler offering minor cost advantages.

7.6 TOPSIDE FACILITIES

7.6.1 Alternative options

With processing capacity for oil, produced water, gas and water injection available on Delta it
was clear that the topsides of Lamda and Omicron should be designed with minimal facilities.
There were therefore few topsides alternatives to be investigated. The only decision to be made
was whether to invest in equipment that would minimize manned operations at the new facilities.
As this was a way to minimize risk levels to staff it was decided to link the new platforms to Delta
with an umbilical cable. This would avoid the need for power generation on the satellites (hence
emissions and maintenance), provide remote control via fibre optics (avoid the need for a local
control room) and to store, bunker and pump chemicals locally (reduced chance of spillage,
lower manpower, lower emissions).

The topside design described in section 5 was developed based upon this philosophy of
minimizing manned interventions. Energean has completed all design and safety studied for the
topside facilities. The design follows standards, regulations and good industry design practices.
It has been designed to reduce the inherent risk to staff of managing hydrocarbons with
significant toxic potential. ALARP techniques were used at the start of concept design to achieve
the lowest possible risk levels. Hazards were identified by using well-known techniques, such as
HAZID and HAZOP. It must be mentioned, that part of the ESIA was the QRA for the topside
facilities.

7.6.2 Evaluation of Alternative Topside Facilities

No viable alternatives to the chosen concept could be identified without increasing risk levels to
staff.

7.7 PIPELINES
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7.7.1 Alternative options

The routing and mechanical aspects of the required pipelines were determined according to the
field development option and platform type selected.

The alternative options investigated were:

e Buried or unburied pipelines
e Installation by towing or by S-Lay.

7.7.2 Evaluation of Pipelines

The evaluation of pipelines was based on environmental and safety parameters / criteria.
Energean has elaborated detailed studies for:

e The best solution for protection by navigation and fishing gear;
e The construction option provided the highest on-bottom stability
More specifically:

Criterion 1 — protection by navigation and fishing gear:

Mediterranean region is well known by high marine traffic. The shipping traffic in Aegean Sea is
presented in the following figure:
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Map 7-1: Recorded marine traffic in Aegean Sea (source: www.marinetraffic.com)

As shown in the figure, there are several shipping lanes falls next to Prinos field (north Aegean
Sea). The concern is that statistically, around 50% of ships travelling under a “flag of
convenience” and do not stick to designated shipping lanes.

But, the most critical issue is the intense fishing activities around the project area. Special
protection measures have to be taken against fishing gear interaction. The best solution is all
pipelines to be trenched for permanent protection from fishing gear (and navigation).

Criterion 2 — on-bottom stability:

Pipelines were checked for on-bottom stability based on available metocean data. The analysis
considered the installation sequence lay the pipeline flooded on seabed and then trench it. The
design cases considered relying on mechanical and natural backfill. Minimum pipeline wall
thicknesses (for production and gas lift pipelines) were considered in this analysis. The following
table summarizes the analysis results:

Table 7-4: On-bottom Stability Analysis Results
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Pipeline
, _ Curren Productio Water Gas Lift
Locatio Duratio t n Pipeline | Injection
n ] Return
Period 10inch 6inch 6inch
x15.88mm x11mm x9.5mm
Lamda Stable Stable Stable
Stable Stable
Flooded g . . with CWC | with CWC
on <3 days year year or or
Delta Seabed Stable Mattresse = Mattresse
S (250m s (500m
@ Delta) | @ Delta)
Stable Stable
with CWC | with CWC
Lamda Stable or or
Mattresse | Mattresse
Flooded 10 s s
on 1 month | 1year i
Seabed year | stable with Stable Stable
CWC or with CWC | with CWC
Delta Mattresses or or
(750m @ Mattresse | Mattresse
Delta) S S
Lamda Stable Stable Stable
Stable Stable
Flooded 100 with CWC | with CWC
on 1 month year 1 year or or
Delta Seabed Stable Mattresse | Mattresse
S (250m s (750m
@ Delta) @ Delta)
Lamda | Operatin 12 10 Stable Stable Stable
g in open h 1 year
Delta trench months year Stable Stable Stable
Lamda O_peratm 12 100 Stable Stable Stable
g in open h 1 year
Delta trench | months | year Stable Stable Stable
Lamda Stable Stable Stable
Stable in Stable in
1.5m 1.25m
Operatin trgnch trgnch
ginopen 20years %0 100 (without (without
Delta trench year year | packfill) or Stable | backfill) or
in1m in1m
trench trench
(with (with
backfill) backfill)

The general conclusion is that pipeline is stable in a trench and unstable on seabed in many

cases particularly near Delta platform (shallower water depth ~28m).

Pipeline was assessed flooded on seabed, from results above it is expected that operational
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condition on seabed will be unstable (due to lower weight and higher loading conditions). Further
sensitivities and modifications could enhance the stability of pipe on seabed (actual water depths
after tie-in confirmation, more recent survey, final corrosion rate and type, additional metocean
data investigation and geotechnical. investigation, increasing the wall thickness, lower safety
factor and reduction in wave velocity due to spreading). These parameters could make the pipe
stable in many cases.

Apart from stability issue, trenching and backfilling are beneficial for protection and buckling
aspects.

The overall conclusion of the evaluation of pipeline connections option is that the buried pipelines
are the best solution. The option of unburied pipelines is rejected.

Finally, an installation assessment took place, also, for towing and S-Lay methods. The analysis

showed that, although the two methods are technically feasible and have the same
environmental footprint, the preferred option is towing, due to lower cost.
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8 CURRENT STATE OF THE ENVIRONMENT

The current environmental and social conditions in the Project area set the benchmark against
which environmental and social impacts are considered. The collection of baseline
environmental and social primary and secondary data is an important task The data collections
was based mainly on secondary data (literature, past studies, research outcomes) although a
number of field studies were conducted to support the assessment of the current environment
(marine ecology, sampling and analysis, analytical surveys in the area of Natura 2000 to cover
coastal, marine and avifauna environments).

Prior to the collection of the baseline data, receptor specific study areas were defined.
Establishing the coverage of the primary study area is based mainly upon the following factors:
physical attributes of the project site, physical and biological characteristics, the nature of
receptors and their sensitivity, prevailing meteorological conditions and the area of potential
impact. It is requirement of applicable Greek legislation (JMD170225/2014 on the environmental
permitting contents) that the primary study area should be at least 1km around the project. For
completeness reasons, a wider study area is also described according to desk-based
information. The coverage of the primary and wider study area for each environmental and social
parameter is summarised below

Table 8-1: Primary and wider study area definition for environmental and social parameters

Environmental Parameter Wider study area Primary study area ‘

Existing platforms (Prinos complex and

Climate and Bioclimatic Coastal Zone of onshore
L o Kappa) and proposed platforms (Lamda
characteristics facilities, Kavala Gulf . .
and Omicron) locations
. ) Approximately 1 km around the existing
Morphological and Topological Coastal Zone of onshore . .
o . and proposed platforms (Omicron is not
characteristics facilities, Kavala Gulf .
included)
Geological and Tectonic Coastal Zone of onshore Approximately 1.5 km around the existing
characteristics facilities, Kavala Gulf platforms and proposed platforms
) Approximately 1.5 km around the existing
Seawater environment Kavala Gulf
platforms and proposed platforms
Coastal area of onshore Onshore facilities and Existing platforms

Air environment o .
facilities and Kavala Gulf locations

. . Coastal area of onshore e .
Acoustic environment o Existing platforms locations
facilities and Kavala Gulf

) Approximately 1.5 km around the existing

Lo . Thracian Sea and Kavala ;

Biotic environment Gulf platforms (Prinos complex and Kappa) and
u

proposed platforms (Lamda and Omicron)
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Environmental Parameter Wider study area Primary study area ‘

Manmade environment RU of Kavala Municipalities of Kavala and Thassos
Socioeconomic environment RU of Kavala Municipalities of Kavala and Thassos
Technical infrastructures RU of Kavala Municipalities of Kavala and Thassos

Existing pressures on the
human and natural environment

Coastal Zone and Kavala
Gulf

Coastal Zone and Kavala Gulf

It should be noted as part of the current operations, there is a prohibition area of 500 m radius
over the pipeline routes and the platforms. Additional exclusion zones will be agreed as part of
the new project. Therefore, before the construction of the project, a Navigation exclusion zone
will be defined in collaboration with the Naval Authorities (Port Authority and the Coast Guard
under the supervision of the relevant Ministries).

A current prohibition area of 39.71 km?2. With the addition of planned and potential further
developments this is expected (conditional to the naval authorities’ decisions) to reach a total
area of 46.34 km?Z.
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Map 8-1: Orientation map (red circle: project area)
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8.1 CLIMATE AND BIOCLIMATE CHARACTERISTICS

8.1.1 Climate characteristics

At the Kavala Prefecture level, the climate characteristic of the coastal zone is classified as
Mediterranean, with warm, dry summers (circulation of subtropical and warm-dry air), cold and
wet winters (circulation of relatively cool air from the temperate zone) with rainfall of
approximately 300-400 millimetres. The respective continental part of the prefecture tends to be
different, showing a respective continental climate, characterized from cool wet winters, dry
summers and rainfall of approximately double values than that of coastal zone.

8.1.2 Meteorological and metocean data

Meteorological and metocean data has been acquired from a number of sources utilizing
reputable organisations both within and outside Greece, which have gathered statistical data
over a period up to 50 years. The main source of metocean data specifically modelled at the
existing and new platform locations has been provided by BMT ARGROSS who have used
global computer simulation data based on the Climate Forecast System (CFS). CFS is a model
representing the global interaction between Earth's oceans, land, and atmosphere. Produced by
several dozen scientists under guidance from the NOAA’s National Centres for Environmental
Prediction (NCEP), the model offers hourly data with a horizontal resolution down to one-half of
a degree (approximately 56 km) around Earth for many variables. CFS uses the latest scientific
approaches for taking in, or assimilating, observations from data sources including surface
observations, upper air balloon observations, aircraft observations, and satellite observations.
To complement the CFS global data, data from local weather stations in the Kavala area
(Thassos Island, Kavala Airport) and national weather stations have been used to calibrate and
benchmark the computer data simulations.

8.1.2.1 Meteorological data
8.1.2.1.1 Temperatures

The data presented in the tables and diagrams in this section summarize the average monthly
temperature range over a 52-year period. January is the coldest month, with an average
minimum temperature of 1.7°C and average monthly temperature of 5.6°C, while the warmest
month is July, with an average maximum temperature of 30.5°C and average monthly
temperature of 26°C. In absolute values, for the same period, the maximum recorded
temperature is 39°C during July and -8°C during January.

Although the colder months are during the winter (December, January and February), it is noted
that the minimum temperature can drop below zero in March and April, due to oncoming cold
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The annual fluctuation of the monthly absolute Maximum and Minimum Temperatures are
presented in the diagram below:

—o—AVERAGE TEMPERATURE —#i— AVERAGE MAXIMUM —&—AVERAGE MINIMUM ——ABSOLUT MAXIMUM —+—ABSOLUTE MINIMUM
50,00

40,00

30,00

°C)
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8

Temperature

E

0,00

-10,00

-20,00

‘Diagram 8-1: Annual development of the Monthly Mean Maximum, Mean and Mean Minimum
Temperature (°C), (Source: Hellenic National Meteorological Service HNMS)

Table 8-2: Temperature data of Meteorological Station of Chryssoupolis Kavala for the period
1958-2010

Maximum Minimum Absolute Absolute
Average Monthly Monthly Monthly Max Min
Temperature (°C) | Temperature | Temperature | Temperature | Temperature
(°C) (°C) (°C) (°C)
January 5.6 9.7 17 22.0 -8.0
February 6.2 10.3 1.8 20.0 -11.0
March 8.7 12.6 4.3 23.8 -3.6
April 13.5 17.4 8.6 26.0 -4.2
May 18.8 22.7 13.2 34.0 4.0
June 23.6 27.4 17.1 34.8 8.2
July 26.0 30.1 19.3 39.0 11.2
August 25.30 30.02 18.84 38.0 11.0
September 21.0 25.8 15.0 34.0 8.2
October 15.7 20.3 10.8 30.2 -1.0
November 10.6 14.7 6.7 24.2 -4.2
December 6.6 10.3 3.0 20.0 -8.8
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Maximum Minimum Absolute Absolute

Average Monthly Monthly Monthly Max Min

Temperature (°C) | Temperature | Temperature | Temperature | Temperature

Annual 15.1 19.3 10.0 39.0 -11.0

Source: Hellenic National Meteorological Service HNMS

8.1.2.1.2  Precipitation

The total annual precipitation of the MS of Chryssoupolis is 429.72 mm while the average days
of rainfall is 91.1 per year. August is the driest month with 13.86 mm in 5.5 days of rainfall while
the wettest month of all is December with 76.05 mm in average 9.3 days of rainfall. More detailed
data for the precipitation in the project area are depicted in the table below (Table 8-3). In
(Diagram 8-2) below are shown the data of average height of precipitation per month for the
period of 1958-2010.

W AVERAGE PRECIPITATION (mm) B MAXIMUM 24- Hrs
(mm)
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Diagram 8-2: Annual development of the average precipitation (mm) and maximum 24-hrs
(Source: Hellenic National Meteorological Service HNMS

Table 8-3: Precipitation Data of MS of Chryssoupolis Kavala for the period 1958-2010

Precipitation
Month

Average precipitation Maximum
(mm) 24- Hrs (mm)

January 33.8 31.2
February 42.8 64.0
March 32.8 29.0
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Precipitation

Month
(mm) 24- Hrs (mm)
April 34.2 33.1
May 25.2 41.0
June 211 23.0
July 20.7 40.8
August 13.9 25.0
September 25.4 39.4
October 37.1 57.0
November 66.8 98.0
December 76.1 83.4
Annual 429.7 98.0

As presented below, air in the wider area of the RU of Kavala appears to be saturated with
vapour of 70-75% during the winter months, when lower temperatures are observed, whereas
during the summer and, in particular, during the dry months of July-September, the relevant
humidity ranges at lower levels (in average 57-65%). The average monthly humidity and the
annual average value are shown in the following table

Table 8-4: Humidity Data of MS of Chryssoupolis Kavala for the period 1958-2010.

Relative humidity (mm)

January 75.05
February 72.54
March 71.98
April 71.86
May 66.88
June 62.46
July 57.91
August 59.53
September 65.44
October 70.54
November 75.54
December 75.56

Annual 68.79
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Diagram 8-3: Average monthly relevant humidity range 1984-1981, Source: Hellenic National
Meteorological Service HNMS

8.1.2.1.3  Gaussen-Bagnouls climate Graph

In the Gaussen-Bagnouls climate Graph below shows the average monthly values of rainfall, in
mm and temperature in Celsius degrees (oC). This graph shows in X axis the months of the year
and has two Y axis. In the left side is shown the average monthly rainfall (P) in mm and in the
right side the average monthly temperatures (T) in oC in double size climax from the rainfall
P=2T. According to Bagnouls & Gaussen (1957) one month is characterized as dry while the
total amount of precipitation is equal of lower than the double of the average temperature of the
month Pmm < 2T oC. When the rainfall curve is lower than the temperature curve, then there is
P<2T, and this period is considered to be dry. The surface, between these two curves, shows
the duration and the tension of the dry period. As it is shown in the Diagram 8-4 below, the dry-
warm period, for the area of the study, lasts from the end of April until October.
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Diagram 8-4: Gaussen-Bagnouls climate Graph of Chryssoupolis

8.1.2.1.4 Winds
The annual frequency of winds at the platforms’ location is shown in the table below and is

complimented by below diagrams, which illustrates the wind rose % distribution of the winds.

Table 8-5: Annual % frequency and intensity of maximum wind speed per month (Source: BMT
ARGROSS Epsilon field metocean report October 2015)
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Sp::d Speedm/s| Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec| Al
R 0 0 0 0 0 0 0 0 0 0 0 0
28 29| o0 0 0 0 0 0 0 0 0 o [oo8] o |o002
27 28 [op18] o 0 0 0 0 0 0 0 0 0 o | 0,002
o |28 2| o 0 0 0 0 0 0 0 0 0 0 0
25 26| o0 0 0 0 0 0 0 0 0 0 0 0
24 25| o0 0 0 0 0 0 0 0 0 o |o0,003
23 24| o0 0 0 0 0 0 0 0 0 o | o007
s | 22 2 0 0 0 0 0 0 0 0,009
21 22 0 0 0 0 0 0 0,019
20 21 0 0 0 0 0 0 0,021
19 20 0 0 0 0 0 0,054
8 | 18 19 0 o [oos] o 0,095
17 18 0 0 0 0 0 0,135
16 17 0 0 0 0,185
7 |15 16 0 0 0 0 0,314
14 15 0 0 0,451
13 14 0,612
6 | 12 13 1,033
11 12 1,503
10 11 2,175
5 | 9 10 3,070
8 9 4,226
7 8 5,629
4 | 6 7 |8555 7,068
5 6 8,310 | 8,817
, | 4 s 8,115 | 9,537 |10,815|11,606 13,279 | 15,305 |14,919|12,428| 8,994 | 8,351 10,810
3 4 |9081]9,135|11,325|13,696|14,008|16,069 10,256 9,746 | 9,274 [12,321
2 | 2 3 |9,73011,865|11,553|14,348]|14,884|16,522[14,043|13,517|14,004|12,272 10,996 | 10,063 12,811
, | 1 2 [11957]12154113,377]14,819116,567)16,033]12,290 12,062 |13,297 | 12,658| 12,663 |11,325| 13,265
0o 1 12,307 12,956 (13,225 15,366
100 100 100 100 100 100 100 100 100 100 100 100 | 100
MeansSpeed| 52 51 46 38 36 33 39 39 41 47 47 54 | 43
Mean Direct] 52,1 53,4 60,3 667 60,7 405 30,8 373 484 526 592 546 | 51,3

Legend

red - 12 most common

blue - all remaining

Common occurrences

yellow - next 24 most common
orange - next 24 most common

The directional percentages of the winds at the platform location are shown in the following

diagram annually as well as for February and June (where the maximum peaks are anticipated).
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Wind rose at 40°49N, 024°27E for al year
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Diagram 8-5: Wind direction frequency chart (Source: BMT ARGROSS Epsilon field metocean
report October 2015)

Wind rose at 40°49N, 024°27'E for February Wind rose at 40°49N, 024°27E for July
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Diagram 8-6: Wind direction frequency chart for February and July (Source: BMT
ARGROSS Epsilon field metocean report October 2015)
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The prevailing winds through the year are in a north easterly direction and the relative wind
speeds are seasonal. In the winter months (October through to April) the average wind speeds
range from 3.8m/s to 5.4m/s occurring 60%-70% of the time characterised as ‘gentle breezes'.
In the summer months (May through to September) the average wind speeds range from 3.8m/s
to 4.1m/s occurring 50-60% of the time, which are characterized as ‘light breezes’.

Winter is from October to April and is characterized by stronger winds, predominantly from the
NE and E (more than 50% of the time). Winds from the NE dominate — around 40% of the
time. The winds from the NE not only dominate but also have the highest wind speeds. Winds
above 10 m/s (Bf 5) can be expected for periods of up to 48 hours in a month. Mean speeds are
a little higher than in the summer. Winds blowing towards Thasos are weaker in the winter than
the summer and slightly less frequent. Even in the winter the most likely circumstance is calm
weather. Winds of below 3 m/s (light breeze and below) are seen for about 38% of the time.

Summer is from May to September and is characterized by light winds predominantly from the
N, NE and E (50 to 60% of the time). Winds blowing onshore (to the mainland - S and SE - or
to Thasos - NW) are of low strength (rarely exceeding 3 to 4 m/s) and infrequent (20 to 30% of
the time). In the summer there is no significant wind (below 3 m/s) for around 45% of the time.

Stormy weather (winds above 14 m/s or anything above a strong breeze) occurs for around
1.25% of the time, nearly always in the winter months and entirely from the NE or S.

8.1.2.2 Metocean data

The design of existing facilities was based on oceanographic data based on metocean study
performed by A.H. Glenn and Associates in 1974 at single location (about 3.5 km east of Lamda
platform and about 0.5 km northeast from Delta. For the new development, Energean contracted
BMT ARGROSS UK in October 2015 to perform a metocean study specifically at the locations
of the existing platform and the new platform. The BMT AGROSS metocean report contains the
necessary statistical data required for the detailed design of the new facilities, ie 1 year, 10 year,
100 year return data with the associated directions and for wind speeds, wave heights/periods,
current speeds and tidal variations. In addition the study uses computer modelling to give
monthly distributions of sea surface air/seawater temperatures sea water density and salinity.
The basic conclusions are presented in the following paragraphs. The map below, presents the
areas of interest and the reference locations.
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Map 8-3: Locations of interest — Lamda, Alpha and Omicron

Key data sources used were the following:

e BMT ARGOSS Hindcat (winds and waves): 3rd generation wave
prediction model based on the WavewWatch Il [l (WWIII) code on a global
grid and several regional grids, for hindcast and forecast purposes. In this study we have
used the Mediterranean grid as a starting point. Data are available between 1992 and
2014.

e BMT ARGOSS Satellite database (winds and waves): satellite database covers a period
of about 25 years and all observations are extensively calibrated and validated against
wave buoy data; the calibration is re-run each time the database is extended, nominally
annually.

e Due to their global coverage and accuracy, the satellite wave/wind data can be used to
validate/calibrate hindcast wind/wave data at practically any site in the world, also at
sites where no local in-situ wave measurements are available. The systematic quality
control applied to the satellite data including their calibration/validation to wave buoy
data by BMTA ensures that the satellite data can be used as a reliable source of
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reference data worldwide.

e Local weather station data from Thassos Island and KAVALA airport was used to
benchmark the satellite wind and wave data.

e BMT ARGOSS Tidal model (tidal currents and levels): BMT tidal model provides the
water motions associated with the eight most significant harmonic constituents of tidal
oscillation including the principal lunar (M2) and solar (S2) semi-diurnal constituents;
another 12 constituents are inferred. The global tidal information is based on the
integration of approximately 5000 tidal stations and 15 years of satellite radar altimeter
measurements into depth average global and regional tidal models (the 2DH model).

e HYCOM 2.2 model (residual currents, sea temperature and salinity): this is a general
circulation model providing wind driven and geostrophic flows with vertical co-ordinates.
Residual current data has been extracted from the HYCOM Reanalysis database
configured for the global ocean with HYCOM 2.2 as the dynamical model. The
bathymetry is derived from the 30-arc second GEBCO dataset. Surface wind forcing is
from the NCEP 1-hourly CFSR. Data are available between 1995 and 2012. Besides
non-tidal (residual) currents, HYCOM also includes information on sea surface
temperature and salinity data through the water column.

e AVHRR Sea surface temperatures: The HYCOM sea surface temperatures have been
verified against NOAA’'s AVHRR'’s (Advanced Very High Resolution Radiometer) sea
surface temperature data. Two high-resolution sea surface temperature (SST) analysis
products are available from NOAA’s AVHRR satellite sensors.

o NCER CSFR Air temperatures: Air temperatures have been extracted directly from the
NCEP CSFR database. Air temperatures correspond to an elevation of 2 m asl

8.1.2.2.1 Waves

Spatial representation of the many small islands in the Aegean Sea is modelled through sub-
grid representations within the hindcast model. A wave buoy was identified, to the west of the
island of Limnos, at approximately 40.00°N, 24.75°E (blue circle in map below) that provided
some verification of the general hindcast performance in the north Aegean Sea. The buoy is part
of the Poseidon network of buoys situated around the Greek seas. Basic statistics are available
just to the south of the proposed SWRT boundary sites (red square in map below). The satellite
calibrated Mediterranean hindcast against these statistics were then compared. Details of the
calibrations are contained in the BMT ARGROSS report.
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Map 8-4: Aegean Sea and Mediterranean hindcast gridpoints, (Red circle: project areas, blue
circle: wave buoy)

The annual frequency of significant wave heights (Hs) at the Lamda platform is given in the table
below. The significant wave height is less than 1m. Extreme storms are more frequent in the
winter months, dominated by southerly winds.

Table 8-6: annual frequency of significant wave heights (Source: BMT ARGROSS Epsilon field
metocean report October 2015)
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ave Height Hs (m)| Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec All
6,5 7,0 0 0 0 0 0 0 0 0
6,0 6,5 0 0 0 0 0 0 0 0,002
5,5 6,0 0 0 0 0 0 0 0 0,002
5,0 5,5 0 0 0 0 0 0 0 0
4,5 5,0 0 0 0 0 0 0,006
4,0 4,5 0 0 0 0 0,027
3,5 4,0 0 0 0 0 0,045
3,0 3,5 0 0 0 0 0,079
2,5 3,0 0 0 0 0,112
2,0 2,5 | 0,666 | 0,654 | 0,473 | 0,073 | 0,053 0 0 0 0,054 0,707 0,271
1,5 2,0 | 1,718 | 1,615 | 1,455 | 0,580 | 0,456 | 0,018 | 0,018 | 0,018 | 0,145 | 0,491 | 2,065 | 2,016 | 0,879
1,0 15 | 7,398 | 7,039 | 5891 | 3,931 | 2,104 | 0,453 | 0,579 | 0,403 | 1,359 | 3,576 | 5,851 | 9,607 | 4,006
0,5 1,0 13,533 (17,111 22,246 27,319 24,537
0,0 0,5 70,036
100 100 100 100 100 100 100 100 100 100 100 100 100

Legend
Common occurrences

red - 12 most common

yellow - next 24 most common
orange - next 21 most common
blue - all remaining

The maximum wave heights for the respective extreme return conditions are given in following
table. The maximum significant wave height predicted is 6.7m from a southerly direction. The
highest waves during the year are from the south despite the predominant wind direction being
the north-easterly direction. The waves from the south are swell driven and have time to develop
within the Aegean, whereas waves driven by the North easterly winds are smaller as the location
is very close to the coastline, and swell development is limited.

It should be noted that Thassos Island provides shelter from the southerly waves, to a greater
extent for the existing platform, and this is reflected in the higher wave heights reported for the
new platform location.

Table 8-7: Maximum wave heights (in m) for respective extreme return conditions (Source:

BMT Hindcast)
Return period (years)
Directions from

Storm duration (hrs) 48 133 25 22
North 10 16 21 23
Northeast 17 24 28 30
East 16 29 27 29
Southeast 12 20 26 28
South 37 53 63 67
Southwest 18 24 28 30
West 06 13 18 2.0
Northwest 03 o8 13 15
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Return period (years)

Directions from

Omnidirectional 3.7

8.1.2.3 Tidal data

6.3 6.7

The tidal ranges (based on data extracted between January 1992 and December 2014) at the

study site are relatively small.

Table 8-8: Tidal water level components

Tidal definition

Highest astronomical tide

Mean high water spring (mean of high

high-waters only)

Mean high water spring (mean of low

and high high-waters)

Mean high high-water (mean of all the

high high-waters)

Mean low high water (mean of all the
low high-waters)

Mean high water neap

Mean sea level

Mean low water neap

Mean high low-water (mean of all the
high low-waters)

Mean low water spring (mean of all
the low low-waters)

Mean low water spring (mean of low
and high low-waters)

Mean low water spring (mean of low
low-waters)

Lowest astronomical tide

HAT

MHWS (high)*

MHWS (mixed)

MHHW

MLHW

MHW N
MSL
MLWN**

MHLW

MLLW

MLWS (mixed)***

MLWS (low)

LAT

Level (rel.

MSL
0.23

0.19

0.17

0.13

0.09

0.02
0.00
-0.02

-0.09

-0.13

-0.17

-0.19

-0.23

Level (rel. LAT)

0.46

0.42

0.40

0.35

0.32

0.25
0.23
0.20

0.14

0.10

0.06

0.04

0.00

* Actual definition of MHWS but in some mixed semi-diurnal tidal regimes this can be lower than MHHW

which is not as expected.

** Actual definition of MLWS but in some mixed semi-diurnal tidal regimes this can be higher than MLLW

which is not as expected.

*** No need to split Neap Tides, as the constants are very similar.

8.1.2.4 Currents

;000
c@er
=N X 1

[ 1 F3

z
5
@

Page | 8-17



, ENVIRONMENTAL & SOCIAL IMPACT ASSESSMENT (ESIA) FOR
ENERGEA PRINOS OFFSHORE DEVELOPMENT PROJECT

OIL & GAS

Only the residual component of current flow has been subjected to the extreme value analyses.
Tidal currents are assumed essentially independent of return period and are usually added
subsequently. However, at these study sites the tidal currents are negligible and have been
omitted from further analyses. The residual flow extremes may therefore be considered to
represent the total current flow.

Traditional methods of deriving extreme current speeds through the water column involve simply
treating each depth measurement separately. This method is perfectly adequate in relatively
shallow water depths with fixed type structures, where the wave forces may be more important
than currents. However, in deep-water situations it cannot take account of the possibility of
strong vertical coherence (e.g. the strongest seabed currents may occur at different times to
those near the surface; they may even move in opposite directions).

At the locations of interest the water depth is shallow enough and the current flow is orientated
in the same directions for the majority of the vertical profile (small changes are observed in the
bottom flow but at these depths the current magnitudes are minor) to allow extreme value
analyses at each depth interval to be treated independently. The resultant extremes are then
combined to form extreme profiles by direction.
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Diagram 8-7: Vertical current profiles by direction

Above Diagram 8-7 emphasises the dominance of the background flow towards the west (at the
surface only the south-westerly flow is almost as great). This westerly flow is equal to the
omnidirectional flow in all of the upper 75% of the water column. At depth (lower 25% of water
column) the current changes to a north/south orientation but by this stage the flow is much
reduced.

c0ee
aer

D
[ ]
[ ]

L L S

z
&
4

LTAN

a

Page | 8-18



, ENVIRONMENTAL & SOCIAL IMPACT ASSESSMENT (ESIA) FOR
ENERGEA PRINOS OFFSHORE DEVELOPMENT PROJECT

OIL & GAS

8.1.2.5 Seawater properties

Sea temperature and salinity data have been extracted directly from the HYCOM hindcast. Sea
surface temperatures have been validated against the satellite derived AVHRR data (and found
to be in good agreement.
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'Diagram 8-8: HYCOM vs AVHRR Sea surface temperature check

Seawater density has been calculated using algorithms obtained through the Gibbs Seawater
(GSW) Oceanographic Toolbox11l. However, one should note that minimum and maximum
temperature and salinity values presented may not occur simultaneously and therefore
parameter values derived from simply the minima and maxima of each independent variable as
presented in the statistical tables may not be representative. Instead we derive seawater density
for each timestamp in the HYCOM series (i.e. taking associated values of temperature and
salinity together) and calculate density statistics from those. Therefore the temperature, salinity,
density tables may appear as inconsistent in the statistical tables.

8.1.3 Bioclimatic characteristics

With regard to climate conditions of Mediterranean areas, usually the Emberger index is used,
according to the synthetic formula thereof, the rainfall, the average temperature and the average
minimum temperature of the warmest and coldest months of the year are taken into account.
Thus, the Mediterranean areas are divided in various bioclimatic levels.

This index is calculated as follows:
Q =2.000 x P/ (M2 = m?), where:

e P =average annual rainfall (mm)
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e M = average value of maximum temperatures of the warmest month*
e m = average value of minimum temperatures of the coldest month*

*The figures M and m are expressed in absolute temperature grades, with 273°K corresponding
to 0°C

The quotient Q is used as an ordinate at a coordinates’ axis, the abscissa of which is the m
index, expressed this time in Celsius grades (°C). The foregoing values are placed on axes of a
diagram prepared in advance, which distinguishes between bioclimatic levels.

Based on the Emberger formula, for the period 1984-1999 (based on the data from the Kavala
M.S.) the index Q is calculated as follows:

Q =2,000 X 403.2 / (273+29.7)2 — (273+3.0)2 = 52.19

By placing the value of the index on the Emberger'® climate diagram, we can observe that the
RU of Kavala belongs to the semi-dry bioclimatic level, characterized by cold winters.

More specifically, the climate characteristic of the coastal zone of the area is characterized by
warm, dry summers (circulation of subtropical and warm-dry air), cold and wet winters
(circulation of relatively cool air from the temperate zone) as well as rainfall of approximately
300-400 mm. The respective continental part of the RU tends to be different and is characterized
by cool wet winters, dry summers and rainfall of approximately double values than the coastal
zone.

10Bjoclimatic levels, “The bio climate of Greece, relationship between climate and natural vegetation,
bioclimatic maps, forest survey”, Volume 1, 1980, Mavromatis G.
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Diagram 8-9: Abstract from bioclimatic levels of Emberger diagram

Itis noted that changes to climate and bioclimatic characteristics of the wider area have not been
observed and so it can be concluded that the existing offshore and onshore project has no effect
on these environmental parameters, which is also expected given the nature and the size of the
installations.
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8.2 MORPHOLOGICAL AND TOPOLOGICAL
CHARACTERISTICS

The topological and morphological characteristics of the area under assessment are divided (for
the purposes of better description thereof) in:

e Land morphological and landscape characteristics;
e Marine morphological and landscape characteristics.

It is noted that the concept of morphological characteristics in the sea and at a large distance
from the shore, can only be understood as seabed morphology (described in the following
paragraph), whereas any topological elations are due to floating fixed installations, such as the
existing platforms/platforms for the extraction and processing of the extracted hydrocarbons.

8.2.1 Morphological and topological characteristics in the land
environment

The morphology of the coastal zone can be characterised by extensive sand beaches with lakes,
lagoons and land strips. The river Nestos delta is dominant in terms of morphology and topology.
The lagoons closest to the project under assessment are Erateino and Vassova. Rainwater
forms numerous torrents towards the plain. The water from these torrents, which in the past used
to form marshes at the low locations of the plain, now reaches the sea through drainage
channels. The plain, to a large part, consists of light, sandy soil with low water retention
capability. As regards human intervention in the topological and morphological characteristics of
the wider area, it must be noted that the projects with the most significant impact is the Kavala
airport, to the east of the land facilities, and the road projects (Egnatia Odos and the highway
N.R. Kavala — Xanthi), the routing of which is located to the north of the facilities.

The offshore platforms are installed at a distance more than 10km from residential areas and
historical monuments and at a maximum height of 25 m above sea level, and for that reason
there is not significant visual disturbance to the receptors (residents, tourists etc). The platforms
are clearly visible only by vessels sailing in the area.

8.2.2 Morphological and topological characteristics in the marine
environment

8.2.2.1 Bathymetry in the Kavala Gulf

The bathymetry in the Kavala Gulf and in the project area is given in the following map.
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Map 8-5: Bathymetry in the Kavala Gulf
Source: https://webapp.navionics.com/#@11&key={xvvEmabyC

8.2.2.2 Geophysical characteristics in the project area

According to the JMD 170225/2014 on the environmental permitting procedure, the preparation
of Geophysical and Geotechnical surveys is obligatory for such projects. The geophysical survey
provides the overall mapping of the seabed surface and subsurface (up to 100 m).

The Preliminary study of the seabed of Kavala Gulf has been assigned to the Laboratory of
Marine Geology and Physical Oceanography of the Geology Department of the University of
Patras, in collaboration with GEODOMIKI. The main objective of the work is the seafloor
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mapping and shallow seabed stratigraphy analysis through processing and interpretation of

multi-platform geophysical datasets collected from the Delta-Epsilon/Lamda-Omikron complex
in the PRINOS Field at the Kavala Gulf.

This chapter briefly presents the results of the Geophysical and Geotechnical Survey related to

the morphology of the seabed. The full report is given in Annex 03.

The content of the survey related to the seabed morphology include:

A detailed bathymetric survey;

A detailed mapping of the seabed morphological features;

A detailed study of the shallow seabed seismic stratigraphy;

The detection of magnetic field anomalies indicating major metallic objects lying or being
buried on the seafloor;

The detection and mapping of existing pipelines and cables within the Base Case area;
and

The detection and the identification of ancient, historical and modern wrecks lying on
the seabed.

The major field activities related to the seabed morphology are:

Detailed Bathymetry Survey (Multibeam and Single beam echo sounders) to establish
water depth and seabed contours

Side scan sonar survey (detailed seabed surface imagery for the detection of
objects/obstacles/gas pock marks in the platform and pipeline locations)

The area of geophysical survey (base case area) is shown in the following figure.
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Figure 8-1: Area of Geophysical Survey

Detailed Bathymetry Survey
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The depth of water in the area of the geophysical survey (see figure above) ranges between
30 m and 52 m. The area can be separated in three parts based on the bathymetry. The eastern
part (-the area between Delta complex and the central part of Base Case area-) constitutes a
bathymetric high plateau and is characterized by a smooth seafloor, deepening gently from 30m
water depth at Delta complex to 34m water depth at the central part of the Base case (slope
<1°). The western part (including Epsilon/Lamda platform area) also constitutes a bathymetric
high plateau (37-41m water depth), which is deepening gently to the east and north (slope =1°).
The two bathymetric high plateaus are separated by a deep part (50-52m water depth), which
forms a channel, running almost north-south. In the area between the channel and the western
plateau, the seafloor is deepening with a low slope to the west (2 © - 4°) and a medium slope to
the north (3° - 9°). The seafloor between the eastern part and the channel is characterized by

low slopes towards the south and by medium to high slopes (up to 13°) towards north.
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Figure 8-2: Bathymetric Map of the Base Case Area
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Figure 8-3: 3D Representation of the Base Case Area (Delta Complex area has been
excluded)
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The bathymetry of the Epsilon/Lamda platform area is characterized by a plateau at the western
part, as described above, with water depth ranging from 37 to 41m and a channel (deeper part)
at the eastern and northern part of the area. The slope between these two morphological units
is low to medium at the southern part and medium at the northern part. At the northern part of
the area, within the deeper part, eight small scale, circular deepening’s about 25 m in diameter
and 1.5 m deep were recorded. The location of the deepening’s form two rectangles. Most
probably these deepening’s have been formed by the weight of the legs of two old well platforms.
The identification of the drill rig footprints, gives a good indication that seabed movement is
minimal in the area.

Figure 8-4: 3-D representation of Epsilon/Lamda platform Area. The deepening’s that have
been formed by the weight of two old well platforms are also shown.

Side Scan Sonar Survey

Side scan sonar imagery indicates no major seabed features or anomalies along the pipeline
route and new platform location. There is also no evidence of gas pock marks or craters on the
seabed. As expected, a narrow man made rock berm covering the existing pipeline from Delta
to Kappa was identified running North/South from the south side of the DELTA platform, see
below.
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Photo 8-1: Seabed soils in Kavala Gulf

The side scan sonar identified the location of the previous drill rig footprints (E1 and E2)
described in section above. This gives a good indication that seabed movement is minimal in
the area; given that the drill rig was present in this location nearly 15 years ago, see photo below.

Photo 8-2: Seabed in Kavala Gulf

8.3 GEOLOGICAL AND TECTONIC CHARACTERISTICS

The geological and tectonic characteristics are divided into:
e Land geological characteristics;

e Marine geological characteristics;
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e Tectonic characteristics

8.3.1 Geological characteristics in the land environment

Geological characteristics in the land environment are examined in brief for completeness
reasons. The RU of Kavala is located on the geotectonic zone of Rodopi and constitutes part of
the tertiary tectonic depressions of Nestos and Visthonidas.

Concerning the sedimentary rocks — meaning the series of sediments, it must be noted that the
stratigraphic classification thereof (which composes the whole wider area to the south of the
mountainous zone, at a great depth) from the surface of the background of the basins until the
current surface, is as follows:

Paleogene Sediments: They constitute the majority of the west and southwest hill ranges of the

Visthonida basin, constituting also the watershed of the adjacent basin of Nestos. At the same
time, they can also be found in the surface of this eastern area, to the southwest of the city of
Komotini. At the base of this system breccia and gravel can be found, while, subsequently sits a
discontinuous (in the form of lenticular intercalations) nummulitid limestone. The series of
Palaeogene sediments follows, which, usually appears as layers of conglomerates, sandstone,
marlstone and clay slate. These formations, in terms of spring waters, are of very limited interest.

Neogene sediments: This system is the first series of sediments for the largest part of the Nestos

basin. In many locations these Neogene sediments cannot be distinguished from the
paleoquaternary ones, due to same origin (fluviotorrential) and the same characters. A
characteristic of the sediments of Neogene is the lack of development of clear and normal
horizons, but the existence of one characteristic primary heterogeneity with lateral transitions
and slippings.

Quaternary sediments (recent and modern silting): The quaternary sediments and the

paleoquaternary surface ones occupy a small area, while they are located at a depth below the
newer quaternary silting. They originate from the lateral scree and the materials deposited by
the small torrents with a mouth exactly at the fringes. They consist of coarse material, breccia,
gravel, pebbles of various sizes — the composition of which are mainly gneiss, amphibolite’s and
marbles, as well as fine materials, mainly from clay silt and/or sand materials.

Specifically, Nestos plain may be considered as consisting of soils that show common
characteristics, such as:

e Common bedrock, in the sense of quaternary deposits - alluvial from small torrents that
result from the various rocks of the basin and comprise a complex material, however
mainly a coarse one, and rarely medium grain or fine grain;

e Low soil development and lack of horizons, due to the short-term impact of soil
generation factors (namely, young age);

e Common bedrock from water-bearing sand, with a depth of 0 to 4 m and a thickness up
to 5m, most of the time;
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e Small relevant thicknesses, with a surface layer from 0 to 2 m, many times less than 0.7
m;

e Rare occurrence of calcium carbonate;

e Excellent pH reaction from 6.3 to 7.6

e Relief with moderate to gentle slope;

e Low content of Ca, N, P and organic substances and sufficient K content;

e Moderate to rapid initial invasiveness and very slow to rapid final one.

8.3.2 Geological characteristics in the marine environment

8.3.2.1 Geological characteristic on Kavala Gulf

On a general level, the Aegean Sea is characterized from a multitude of sedimentary basins of
the Tertiary, some of which were developed due to volcanic activities. At the beginning of the
Eocene, faults were formed, which resulted in the fragmentation of the area. Pieces were lifted,
whereas other sunk. Consequently the sea entered the lower areas. Moreover, the development
of Miocene molasse sediments in closed tectonic basins resulted in evaporites, under which
hydrocarbon deposits were located inside Messinian sandstone formations. At the same time,
around the end of the Oligocene and at the beginning of the Miocene the last alpine folds are
formed, resulting in the folding of the formations of the Eocene - Oligocene. The breaking of old
faults, rising and sinking of pieces, creation of seas and lakes follow, while in the Thracian Sea
a closed sea was formed, which created all the prospects for trapping hydrocarbons.

The granulometric analysis of the sediments of the gulf (Lykousis 1984) shows that the largest
part thereof is covered by fine sediments with mud-clay percentages between 85 and 95%.
Increased sand and mud percentages, with high content of mica and silica are found in the south-
eastern part and along the north-eastern and eastern shores of the gulf. It is considered that the
major source of fine materials is the river Nestos. The distribution of these fine materials is
basically attributed to the general cyclonic-anticyclonic movement of waters (tide, wind-currents),
the relatively small speeds of bottom currents and the slope of the bed. Finally, biogenic sand
(pieces of echinoderms, molluscs) can be found in the central and southwestern part of the gulf.

8.3.2.2 Geological characteristics in the project area

As already mentioned in the chapter 8.2.2, the preparation of Geophysical and Geotechnical
surveys is obligatory for such projects. The geotechnical survey provides the physical soil
parameters for the pipeline and platform foundation design based on actual borehole data. The
Preliminary study of the seabed of Kavala Gulf has been assigned to the Laboratory of Marine
Geology and Physical Oceanography of the Geology Department of the University of Patras, in
collaboration with GEODOMIKI. The main objective of the work is the seafloor mapping and
shallow seabed stratigraphy analysis through processing and interpretation of multi-platform
geophysical datasets collected from the Delta-Epsilon/Lamda-Omikron complex in the PRINOS
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Field at the Kavala Gulf.

This chapter briefly presents the results of the Geophysical and Geotechnical Survey related to
the seabed geology of the seabed. The full report is given in Annex 03. The content of the survey
related to the seabed geology include a ground-truthing survey consisting of visual inspection
and sediment sampling based on the geophysical seabed mapping results.

The major field activities related to the seabed geology are consist of
e Magnetometer Survey;

e Sub bottom profile Survey (Chirp and Sparker to determine soil profiles below seabed
and indications of shallow gas);

e Seabed surface grab sample acquisition at strategic points along the survey route.

The area of geophysical survey (base case area) is shown in the following figure.
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Figure 8-5: Area of Geophysical Survey

Magnetometer Survey

The map of the magnetic field deviation exhibits correlations both to geologic components of the
seafloor as well as to metallic objects lying on it. The geologic components are expressed as
low range (-5 - 5nT) deviations, while metallic objects as major magnetic anomalies (12 - 180nT).
All major magnetic anomalies match very well to known man-made objects, which are four wells
and a pipeline, having magnetic signatures of about 180 and 12nT, respectively.
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Figure 8-6: Magnetic Map showing the magnetic field deviation

Sub Bottom Profile Survey

Sub bottom profiles were generated on all lines, by a chirp and sparker, with results up to 200m
below the seabed. In general the sediment profiles are consistent with very little sub layering up
to depths of 30m. In general the material encountered from the reflectivity was shown to be silty
sand, which is also consistent with the side scan sonar data and the ground trothing soil samples
taken.

Seabed Sampling — Ground Truthing

Surface soil samples were recovered by a simple grab bucket at strategic locations within the
survey area. The summary of the locations and representative samples are depicted in Figure
8-7. It is clear that the sediments recovered are mostly coarse grained silty sands, which is
substantiated by core samples taken by previous surveys and the reflection indications from the
side scan sonar and sub bottom profile data.
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Figure 8-7: Sample locations and tow camera tracklines carried out at the Base Case Area,
Lamda Platform.

In the following table, it is presented the information about the collected sediment samples,
concerning: (1) location, (2) depth, (3) sample code, (4) indicative photos and (5)
macroscopic/qualitative description.

Table 8-9: Information about the sediment samples collected during the ground-truth survey.
Colour coding was held according to the "Munsell Soil Colour Chart”

Location

)

Macroscopic description

©)

286657  |4520588 Top Layer: Maerl (thickness >5
cm)

Base Layer: Light brownish
grey (2.5Y 6/2) silty sand with
high presence of biogenic

| fragments

285826 4520273 |50.3 PRINOS_4 Greyish brown (2.5Y 5/2) silty
sand with high presence of
biogenic fragments,

gastropods and bivalve shells

c0ee
eer
[ 1+
L L 3

NSULTANTS Page | 8-32



ENERGEAN )

OIL & GAS

ENVIRONMENTAL & SOCIAL IMPACT ASSESSMENT (ESIA) FOR
PRINOS OFFSHORE DEVELOPMENT PROJECT

Location

X
285289

@)
: %
4520508

: Depth

(m)
@

39.6

Sample code

©) (4)

PRINOS_5

Indicative Photo

Macroscopic description

()

Dark greyish brown (2.5Y 4/2)

silty sand with presence of
biogenic fragments and plant
residues

285419

4520795

40.6

PRINOS_6

Top Layer: Maerl (thickness >5

" |cm) and bivalve shells

Base Layer: Greyish brown
(2.5Y 5/2) sandy silt

285272

4521187

47.7

PRINOS_7

Gray (2.5Y 5/1) silt with low
presence of biogenic
fragments and gastropods. It is

<« [covered by a thin veneer of

brown (10YR 4/3) watery,

. [clayey layer

286577

4519802

37.7

PRINOS_8

Greyish brown (2.5Y 5/2) silty
sand with presence of
biogenic fragments and
gastropods

286064

4520076

50.4

PRINOS_9

| Greyish brown (2.5Y 5/2)

sandy silt with presence of
biogenic fragments

Sediment Quality

With regards to the sediment quality in the area of existing and proposed platforms, a survey of

“Trace Metal determination and pollution assessment” and a survey of “Polycyclic Aromatic

Hydrocarbons” have been carried out by the National Technical University of Athens. The main

findings related to the sediment quality are presented below in brief while the full reports are

included in Annex 06. Surface sediments were collected from thirteen (13) stations and were

analyzed for metal and PAHs concentrations.
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11 3-'Reference/Point

Map 8-6: Sampling points of sediments

The metal concentration in sediment is given in the following table. All values are expressed in
mg/kg of dry sample with the exception of iron Fe in sediments, which is expressed in % w/w.
Minimum, maximum and median values determined in the sediments are also reported.

Table 8-10: Metal concentration in sediments

Sampling point % (Ve][s]
wiw
Fe As Pb Cr Cu Mn Ni Co Zn Cd Mo
Sampling point 1 122 | 51 | 121 | 87 | 3.8 | 1549 | 5.0 4.7 24.5 0.6 | <0.5
Sampling point 3 469 | 122 | 416 | 598|246 | 3103 | 345 | 11.2 | 1064 | 1.8 | <0.5
Sampling point 4 182 | 6.1 | 221 | 249 | 9.1 | 2265 | 148 | 7.0 51.2 1.1 | <05
Sampling point 5 116 | 7.1 | 231 | 17.8 | 8.1 | 190.1 | 9.8 4.4 39.3 0.7 | <0.5
Sampling point 6 140 | 69 | 19.7 | 135 | 46 | 1565 | 7.0 4.3 37.2 0.7 | <0.5
Sampling point 7 285 | 9.7 | 349 [ 525|211 | 2836 | 30.3 | 9.3 89.0 14 | <05
Sampling point 8 1.06 | 43 | 244 | 16.7 | 80 | 146.7 | 9.9 4.0 48.4 0.7 | <0.5
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Sampling point 10 092 | 75 | 257 | 140 | 65 | 1271 | 7.6 3.6 35.4 0.6 | <0.5
Sampling point 11 061 | 44 | 312 | 136 | 6.8 97.0 5.8 2.8 33.7 0.4 | <0.5
Sampling point 12 060 | 58 | 163 | 9.6 | 3.7 80.4 55 2.6 22.8 0.4 | <0.5
Sampling point 13 090 | 3.3 | 188 | 127 | 56 | 1664 | 7.8 3.8 31.6 0.6 | <0.5
Sampling point 1E 0.61 | 7.85| 16.13 | 9.97 | 25.9 | 222.2 | 5.7 4.6 235 [ 181 <05
Sampling point 2E 0.77 | 6.10 | 11.46 | 7.41 | 30.8 | 238.3 | 4.6 2.7 26.8 | 1.71 <05
maximum 469 | 122 | 416 |59.8 | 246 | 3103 | 345 | 11.2 | 1064 | 1.8 n/a
minimum 0.60 | 3.3 | 12.1 | 8.7 | 3.7 80.4 5.0 2.6 22.8 0.4 n/a
median 116 | 6.1 | 231 | 140 | 6.8 | 1565 | 7.8 4.3 37.2 0.7 n/a
STDEV 121 | 2.6 85 | 174 | 7.0 72.1 | 10.2 | 2.8 26.7 0.4 n/a

The strong correlation (Pearson correlation coefficient) of most elements reveals a common

origin of the examined samples. All elements except copper (Cu) and cadmium (Cd) show strong

correlation with iron (Fe), suggesting common lithogenic origin. Cd and Cu on the other hand,

show strong correlation between them but not with the rest of the elements thus suggesting a
common, most probably, anthropogenic origin. Estimation of the element distribution among the

sampling sites is depicted in the following figures revealing peak values for all the examined

elements at the sampling sites 3 and 7, although As, Pb and Mn show a broader distribution.

@ Cr

ajgsCu

afpoNi

=@=Cd*10

Figure 8-8: Distribution of Cr, Cu, Ni and Cd in the sampling sites (Cd is plotted as ten times

the actual concentration for scale reasons)
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a=pmFe %
esfid=Co
apE»7n/10

Figure 8-9: Distribution of Co, Zn and Fe in the sampling sites (Zinc is plotted as 1/10 of the
actual concentration for scale reasons)

a=gmm s
efi=Pb
e Mn/10

Figure 8-10: Distribution of Pb, As and Mn in the sampling sites (Manganese is plotted as 1/10
of the actual concentration for scale reasons)

The results of PAHs analysis are presented in the following table.
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Table 8-11: PAHs in sediments (ug/L)

ﬂ\

Sampling point 1 N.D N.D

Sampling point 3 ND | <LOQ | N.D | 0.005 | <LOQ | <LOQ | <LOQ | N.D
Sampling point 4 N.D N.D N.D | <LOQ | N.D N.D N.D N.D
Sampling point 6 N.D N.D N.D N.D N.D N.D N.D N.D
Sampling point 7 N.D | <LOQ | N.D | 0.004 | <LOQ | <LOQ | <LOQ N.D
Sampling point 8 N.D N.D N.D N.D N.D N.D N.D N.D
Sampling point 10 N.D N.D N.D | <LOQ | N.D N.D <LOQ N.D
Sampling point 11 N.D | <LOQ | <LOQ | 0.008 | 0.004 | 0.006 A 0.005 | <LOQ
Sampling point 12 N.D N.D N.D | <LOQ | N.D N.D <LOQ N.D
Sampling point 13 N.D N.D N.D | <LOQ | N.D N.D N.D N.D
Sampling point 1E N.D N.D N.D | <LOQ | <LOQ | <LOQ & <LOQ | <LOQ
Sampling point 2E N.D N.D N.D | <LOQ | <LOQ | <LOQ | <LOQ | <LOQ

N.D.: Not detected

LOQ: Level Of Quantification

Conclusively and according to the outcomes presented above, the study area shows minor metal
enrichment except cadmium (Cd). Despite this observed anomaly, the quality of the sediments
is below baseline metal pollution with the exception of sites 3 and 7 which show increasing
pollution levels The conclusion is drawn based on the average earth crust as reference
environment and is considered to be representative of the present situation. The results of the
determination of the main PAHs in sediments indicate the non-existence of pollution problems
concerning this type of pollutant neither in the area of the existing facilities, nor in the area of the
planned installations. The concentrations are below the EU thresholds for Good Environmental
Status of marine environment.

8.3.3 Tectonic characteristics

With regards to the seismicity of the area, the onshore and offshore project area is classified in
the seismic risk zone |, namely in the lower category (see map below) in accordance with the
‘Amendment to the Provisions of the Greek Seismic Code GSC 2000 due to Revision to the
Seismic Risk Map GG 1154/B/12.08.2003".
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Map 8-7: Seismic risk zone map of Greecell

8.4 WATER ENVIRONMENT

This chapter presents the quantity and quality status of surface and groundwater bodies in the
study area according to the National River Basin Management Plans (RBMPs) which were
prepared in accordance with the Water Framework Directive 2000/60 and carried out under the
responsibility of Special Secretariat for Water of the Ministry of Environment. Moreover, it
presents in brief the main findings of the “Polycyclic Aromatic Hydrocarbons” survey and “Trace
Metal determination and pollution assessment” survey (carried out by the National Technical
University of Athens) related to the seawater quality in the area of existing and proposed
platforms. The full report is included in Annex 06.

This chapter also presents the quality of bathing waters according to the “Monitoring Program of
bathing water quality on the coast Greece in accordance to the specification set out in the
Directive 2006/7/EC”, carried out under the responsibility of Special Secretariat for Water of the
Ministry of Environment.

11 Seismic risk zones of Greek territory, Earthquake Planning and Protection Organization (EPPO),
available at the link: http://www.oasp.gr/ (last visited on 5/05/2015).
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8.4.1 Surface Water

The project area belongs to the 11" and 12t Water Districts. More specifically, the onshore
facilities belong to the river basin of Nestos. Moreover, close to the offshore facilities (SIGMA),
at the west, there is a stream named Kotsas stream. The ecological and chemical status of
Kotsas stream is characterized as unknown.

With regards to the Coastal Water Bodies (CWB,) the project area belongs to GR1106C0004N
“Gulf of Kavala West” and GR1207C0001N “Gulf of Kavala East” and is close to the CWB
GR242C0012N “Thasos coast”. The ecological status of the CWB GR1106CO0004N is
characterized as “medium” and the chemical status as “unknown”. The ecological status of the
CWB GR1207CO0001N is characterized as medium and the chemical status as “failing to achieve
good”. Finally, the ecological status of the CWB GR242C0012N is characterized as “high” and
the chemical status as “good”.

As already mentioned, a survey of “Trace Metal determination and pollution assessment” and a
survey of “Polycyclic Aromatic Hydrocarbons” have been carried out by the National Technical
University of Athens (see Annex 06). The seawater samples were collected from four sampling
points and analyzed for metal and PAHs concentrations. The results of metal (Fe, As, Pb, Cr,
Cu, Mn, Ni, Co, Zn, Cd) concentrations were below the quantification limits. The results of PAHs
analysis are presented in the following table.

13- Reference Point ‘

Map 8-8: Seawater sampling points
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Table 8-12: PAHs in seawater (ug/L)

Sampling point 11 N.D N.D N.D N.D N.D N.D N.D N.D
Sampling point 13 N.D N.D N.D N.D N.D N.D N.D N.D
Sampling point 1E <LOQ N.D N.D N.D N.D N.D N.D N.D
Sampling point 2E N.D N.D N.D N.D N.D N.D N.D N.D

N.D.: Not detected
LOQ: Level Of Quantification

The results of the determination of the main PAHs in seawater indicate the non-existence of
pollution problems concerning this type of pollution. All metal and PAHs values were below
detection or quantification limit and below the EU thresholds for Good Environmental Status of

marine environment.

8.4.2 Bathing waters

The quality of bathing water is monitored under "Monitoring Program of bathing water quality on
the coast Greece in accordance to the specification set out in the Directive 2006/7/EC”, carried
out under the responsibility of Special Secretariat for Water of the Ministry of Environment. The
monitoring stations of the wider project area are shown in the following map. The quality of the
bathing water per each station are given in the below tables.
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