Pioneer in integrated consulting services

CONS

=

LTANTS

March 2016

PRINOS OFFSHORE DEVELOPMENT

— PROJECT
ENERGEAN

Environmental & Social Impact
Assessment (ESIA)



ENERGEAN \

OIL & GAS

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

Page | ii



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

& GAS

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

@OLDK
o000
o00e

Environmental Consultant:
CONSULTANTS

LDK Engineering Consultants SA

QRA Consultant:

Scientific advisor:

National Technical University of Athens

(NTUA)
Date: 4/03/2016
Revision:
Description: Final Submission
| Namei Company | Responsibiliy | Signature | Date
Prepared by: | LDK ESIA
ERM QRA

Checked by: Costis Nicolopoulos i LDK Project Director

Rob Steer i ERM Partner
Approved by: | Vassilis Tsetoglou i HSE Director
Energean

Dr. Steve Moore i Energean | General
Technical
Director

coee
- e
a8
L LS

=
&
e
5
>
z
a

Page | i



ENERGEAN \

OIL & GAS

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

Page | ii



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

& GAS

TABLE OF CONTENTS

1 INTRODUCTION 1-1
1.1 PROJECTTITLE 1-1
1.2 PROJECT OWNER 1-1
1.3 PROJECT TYPE AND SIZE 1-2

1.3.1 PLANNED EXTENSION PROJECT 1-2
1.3.2 POTENTIAL FURTHER DEVELOPMENT PROJECT 1-3
1.3.3 EXISTING FACILITIES 1-3
1.3.4 CURRENT AND PLANNED OIL AND GAS PRODUCTION 1-5
1.4 GEOGRAPHIC LOCATION AND ADMINISTRATIVE DEPENDENCE OF THE
PROJECT 1-5
1.4.1 LOCATION 1-5
1.4.2 ADMINISTRATIVE DEPENDENCE OF THE PROJECT 1-8
1.4.3 GEOGRAPHICAL COORDINATES OF THE PROJECT 1-10
1.5 ASSESSMENT METHODOLOGY AND RISK MITIGATION APPROACH
ADOPTED 1-11
1.6 PROJECT ENVIRONMENTAL PERMITTING AND SCREENING 1-14
1.7 PROJECT ENVIRONMENTAL CONSULTANT 1-16

2 EXECUTIVE SUMMARY 2-1

2.1 INTRODUCTION 2-1
2.1.1 ASSESSMENT METHODOLOGY AND RISK MITIGATION APPROACH ADOPTED ~ 2-2
2.1.2 ENVIRONMENTAL PERMITTING ROADMAP 2-2

2.2 PROJECT DESCRIPTION 2-3

2.3 ALTERNATIVES FOR FUTURE DEVELOPMENTS 2-5

2.4 CURRENT STATE OF THE ENVIRONMENT 2-6
2.4.1 PHYSICAL ENVIRONMENT 2-6
2.4.2 BIOTIC ENVIRONMENT 2-7
2.4.3 MANMADE AND SOCIOECONOMIC ENVIRONMENT 2-8

2.5 EMERGENCIES AND RISKS TO THE ENVIRONMENT AND PEOPLE T

QUANTITATIVE RISK ASSESSMENT (QRA) 2-9

2.6 ENVIRONMENTAL AND SOCIAL IMPACTS AND MITIGATION MEASURES

2-12

2.7 ENVIRONMENTAL & SOCIAL MANAGEMENT AND MONITORING PLAN 2-

siot

eses

CONSULTANTS Page | i



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

& GAS

18
3 SUMMARY PROJECT DESCRIPTION 31
3.1 BASIC ELEMENTS OF THE PROJECT 3-1
3.2 DEVELOPMENT PHASES 3-2
3.3 REQUIRED RAW MATERIAL, RESOURCES AND EXPECTED WASTES 3-3
3.3.1 CONSTRUCTION PHASE 3-3
3.3.2 OPERATION PHASE 3-3
3.3.2.1 Raw material 3-4
3.3.2.1.1 Chemicals 3-4
3.3.2.2 Resources 3-4
3.3.2.2.1 Fresh water 3-4
3.3.2.2.2 Fuel 3-5
3.3.2.3 Wastes 3-5
3.3.2.3.1 Wastewater generation 3-5
3.3.2.3.2 Solid wastes 3-5
3.3.3 ABANDONMENT PHASE 3-6
4 OBJECTIVE AND RATIONALE OF PROJECT IMPLEMENTATION 4-1
4.1 BACKGROUND 4-1
4.1.1 PRINOS FIELD 4-3
4.1.2 EPSILON FIELD 4-4
4.1.3 PRINOS NORTH AREA FIELDS 4-4
4.2 OBJECTIVES & RATIONALE 4-5
4.3 FINANCIAL DATA 4-7
4.3.1 APPROXIMATE BUDGET FOR PROJECT IMPLEMENTATION 4-7

4.3.2 FINANCING METHOD OF THE DEVELOPMENT AND OPERATION OF THE PROJECT

4-7
4.4 CORRELATION OF THE PROJECT WITH OTHER PROJECTS 4-8
5 PROJECT COMPATIBILITY WITH THE ESTABLISHED INSTITUTIONAL
PROVISIONS OF THE AREA 5-1
5.1 CONCESSION AGREEMENT 5-1
5.2 LEGISLATIVE FRAMEWORK 5-2
5.2.1 MAIN LEGISLATIVE FRAMEWORK FOR THE ENVIRONMENT 5-2

5211 Directive 2011/ 92/ KU on the assessment s

NSULTANTS Page | iv



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

& GAS

and private projects on the environment (EIA Directive) 5-2
5.2.1.2 National legislation, based on L1650/1985 5-6
5.2.1.3 Water framework directive (WFD), 2000/60/EU 5-9
5.2.1.4 Marine strategy framework directive (MSFD), 2008/56/EC 5-10
5.2.1.5 Directive 2008/98/EC on waste and repealing certain Directives (Waste
Framework Directive) 5-10

5.2.1.6 Council directive 96/82/EC on the control of major-hazards involving
dangerous substances (SEVESO II Directive) 5-11

5.2.2 MAIN LEGISLATIVE FRAMEWORK FOR THE PREVENTION OF MARINE POLLUTIONS-
12

5.2.2.1 Directive for the safety of offshore oil and gas facilities (2013/30/EC) 5-
12

5.2.2.2 Barcelona convention 5-12

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) 5-13
5.2.2.4 International convention for the prevention of pollution from ships
(MARPOL) 5-15
5.2.2.5 Regulation (EC) No 1907/2006 concerning the registration, evaluation,
authorization and restriction of chemicals (REACH) 5-16

5.2.2.6 Treaty on ail pollution preparedness, response and cooperation
(OPRC) 5-17
5.2.2.7 Agreement on the conservation of cetaceans in the Black Sea,

Mediterranean Sea and contiguous Atlantic (ACCOBAMS) 5-18
5.2.2.8 UN convention on the law of the sea (UNCLOS) 5-18
5.2.2.9 Stockholm convention on persistent pollutants (POPSs) 5-18
5.2.2.10 International convention on the establishment of an international fund
for compensation for oil pollution damage (FUND) 5-18
5.2.2.11 Environmental liability directive (2004/35/EC) 5-20
5.2.2.12 Aarhus convention 5-20
5.2.3 MAIN LEGISLATIVE FRAMEWORK FOR THE ENVIRONMENT AND BIODIVERSITY
PROTECTION 5-21
5.2.3.1 Convention on migratory species (CMS or Bonn convention) 5-21
5.2.3.2 Ramsar convention 5-22
5.2.3.3 Bern convention 5-22
5.2.3.4 Convention on biological diversity (CBD) 5-22
5.2.3.5 Birds directive (2009/409/EC) 5-23
see
esee

ULTANTS Page | Vv



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

& GAS

5.2.3.6 Habitats directive (92/43/EEC) 5-23
5.2.4 MAIN LEGISLATIVE FRAMEWORK FOR IMPACT ASSESSMENT 5-23

5.2.5 INTERNATIONAL INDUSTRY AND INTERNATIONAL FINANCIAL INSTITUTION (IFI)
STANDARDS 5-26

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

(GlIP) 5-26
5.2.5.2 EBRD standards 5-28
5.2.6 EMISSION STANDARDS AND LIMITS ACCORDING TO THE NATIONAL LEGISLATION
5-36
5.2.6.1 Wastewater standards 5-36
5.2.6.2 Wastewater from ships, International Convention for the Prevention of
Pollution from Ships, MARPOL 73/78, Annex |, IV, V 5-37
5.2.6.3 Ambient air quality standards 5-38
5.2.7 ALERT THRESHOLDS FOR SHORT TERM RESPONSE MEASURES 5-40
5.2.7.1 Noise standards 5-40
5.2.7.2 Hazardous waste 5-40
5.2.7.3 Solid and non-toxic waste management 5-40
5.3 PLANNING FRAMEWORKS (NATIONAL i REGIONAL) 5-41
6 PROJECT DETAILED DESCRIPTION 6-1
6.1 EXISTING FACILITIES 6-1
6.1.1 OVERVIEW 6-1
6.1.2 HYDROCARBON EXTRACTION 6-5
6.1.3 PLATFORM 0 KPPAD 6-5
6.1.4 PLATFORMS 0 I4°HAG G BrAGAND O ELTAD 6-6
6.141 Pl atform ADeltad topside facilél0ies
6.1.4.1.1 Separation of the three oil phases 6-10
6.1.4.1.2 Crude oil dehydration 6-10
6.1.4.1.3 Dehydration of sour gas 6-10
6.1.4.1.4 Treatment of produced water 6-11
6.1.4.1.5 Sea water injection system 6-13
6.1.4.1.6 Gas lift system 6-13
6.1.42 Pl atform fiDeltad support syst e6vsl
6.1.4.2.1 Cooling water system 6-14
6.1.4.2.2 Fuel gas system 6-14
6.1.4.2.3 Diesel fuel system 6-15
siot
ssee

NSULTANTS Page | Vi



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

& GAS

6.1.4.2.4 Instruments air system 6-15
6.1.4.2.5 Potable water system 6-15
6.1.4.2.6 Breathing air system 6-16
6.1.4.2.7 Storing and handling of hydrochloric acid 6-16
6.1.4.2.8 Emergency generator 6-16
6.1.4.2.9 Power supply substation / network 6-16
6.1.5 SUBMARINE HYDROCARBON PIPELINES 6-17
6.1.6 O IMIN PRINOSGBARGE 6-19
6.2 FUTURE FACILITIES 6-20
6.2.1 OVERVIEW 6-20
6.2.2 PROJECT TIME SCHEDULE 6-21
6.2.2.1 Overview 6-21
6.2.2.2 Construction schedule 6-23
6.2.2.3 Operations 6-24
6.2.2.4 Abandonment 6-24
6.2.3 PROJECT COMPONENTS 6-24
6.2.3.1 Lamda/ Omicron platforms: Self Installing Platforms 2 (SIP2) 6-25
6.2.3.1.1 SIP2 legs 6-27
6.2.3.1.2 Connection of SIP2 legs to topsides 6-28
6.2.3.1.3 Leg jacking system 6-28
6.2.3.1.4 SIP2 suction anchors 6-29
6.2.3.1.5 Personnel access and interfacewitht he dr il ling rig (O6Ene
For ce®39
6.2.3.1.6 Conductors 6-30
6.2.3.1.7 Risers and J-tube for umbilicals 6-30
6.2.3.2 Topsides 6-31
6.2.3.3 Pipelines and umbilicals 6-32
6.234 Modi fications in O6Deltad plat f®3Bm
6235 Drilling rig (6Energean Force©6-35
6.2351 6Energean Forced mooring primadlpl es
6.2.4 DESCRIPTION OF ACTIVITIES BY PHASE 6-42
6.2.4.1 Construction Phase 6-42
6.2.4.1.1 SIP2 installation 6-42
6.2.4.1.2 Installation of the conductors 6-47
6.2.4.1.3 Connection of pipelines and umbilical cables to the risers 6-47
TH
esee

NSULTANTS Page | vii



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

& GAS

6.2.4.1.4 Installation of topside equipment 6-48
6.2.4.1.5 |Installation of pipelines and umbilicals 6-48
6.2.4.1.5.1 Pipeline and umbilicals installation assessment 6-48
6.2.4.1.5.2 Pipelines and umbilical routes 6-49
6.2.4.1.5.3 Pipelines Towing Route 6-49
6.2.4.1.5.4 Pipeline Corridors 6-49
6.2.4.1.5.5 Vessels 6-50
6.2.4.1.5.6 Tie-In Method 6-50
6.2.4.1.5.7 Hydraulic Analysis and Pipeline Sizing 6-51
6.2.4.1.5.8 Flooding and Gauging 6-51
6.2.4.1.5.9 Pressure and Tightness Testing 6-51
6.2.4.1.5.10 De-Watering 6-51
6.2.4.1.5.11 Drying (Gas Lift Pipelines) 6-51
6.2.4.1.5.12 Laid-Up Condition 6-51
6.2.4.1.5.13 Preparation of Construction Right of Way (ROW) 6-52
6.2.4.1.5.14 Installation of umbilicals 6-53
6.2.4.1.5.15 Burial of pipelines and umbilicals 6-54
6.2.4.1.5.16 Diving support 6-54
6.2.4.1.6 Logistics 6-54
6.2.4.1.7 Transportation and installation sea states 6-55
6.2.4.1.8 Personnel during construction / installation 6-57
6.2.4.2 Operating Phase 6-58
6.2.4.2.1 Operation philosophy 6-58
6.2.4.2.2 Simultaneous operations (SIMOPS) 6-61
6.2.4.2.3 Drainage systems 6-61
6.2.4.2.3.1 Open drains 6-61
6.2.4.2.3.2 Closed drains 6-62
6.2.4.2.3.3 Drains arrangements 6-63
6.2.4.2.4 Safety equipment 6-63
6.2.4.2.5 Maintenance & inspection 6-63
6.2.4.2.6 Production scenarios and profiles 6-65
6.2.4.2.7 Structural stability 6-67
6.2.4.2.8 Dirilling operations 6-68
6.2.4.2.8.1 Introduction 6-68
6.2.4.2.8.2 Methodology of typical well drilling 6-68
8500
s

Page | viii



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

& GAS

6.2.4.2.8.3 Typical drilling and tubing program
6.2.4.2.8.4 Typical drilling mud plan
6.2.4.2.8.5 Mitigation of drilling fluid losses
6.2.4.2.8.6 Well control
6.2.4.2.8.7 Crew
6.2.4.2.9 Personnel estimate
6.2.4.3 Abandonment Phase
6.2.4.3.1 Abandonment of drilling wells
6.2.4.3.2 Decommissioning of platforms
6.2.4.3.3 Decommissioning of pipelines
6.2.5 EMISSIONS AND MATERIAL USE
6.2.5.1 Construction Phase
6.2.5.1.1 Raw Material Usage
6.2.5.1.2 Noise emissions
6.2.5.1.3 Emissions to air
6.2.5.1.4 Wastes
6.2.5.2 Operating Phase
6.2.5.2.1 Raw material usage
6.2.5.2.1.1 Use of chemicals
6.2.5.2.1.2 Fresh water use
6.2.5.2.2 Noise emissions
6.2.5.2.3 Emissions to air
6.2.5.2.4 Wastes
6.2.5.2.4.1 Wastewater (WW) generation
6.2.5.2.4.2 Naturally occurring radioactive material
6.2.5.2.4.3 Solid waste
6.2.5.2.4.4 Non-hazardous waste (nHZW)
6.2.5.2.4.5 Hazardous waste (HZW)
6.2.5.3 Abandonment Phase
6.2.5.3.1 Raw Material Usage
6.2.5.3.2 Noise Emissions
6.2.5.3.3 Emissions to Air
6.2.5.3.4 Wastes
7 ALTERNATIVE SOLUTIONS

6-72
6-74
6-76
6-77
6-77
6-78
6-78
6-78
6-78
6-80
6-81
6-81
6-81
6-81
6-81
6-82
6-82
6-82
6-82
6-91
6-91
6-92
6-93
6-93
6-94
6-94
6-94
6-95
6-96
6-96
6-96
6-97
6-97

7-1

Page | ix



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

& GAS

7.1 INTRODUCTION

72 6DNOTHI OBON

7.3 FIELD DEVELOPMENT OPTIONS
7.3.1 ALTERNATIVE EPSILON FIELD DEVELOPMENT OPTIONS
7.3.2 ALTERNATIVE PRINOS NORTH FIELD DEVELOPMENT OPTIONS
7.3.3 EVALUATION OF FIELD DEVELOPMENT OPTIONS

7.3.3.1 Evaluation of alternative options for Epsilon field development

7.3.3.2 Evaluation of alternative options for Prinos North field development

7.4 DRILLING OPTIONS
7.4.1 ENVIRONMENTAL CRITERIA FOR DRILLING LOCATIONS
7.4.2 DRILLING OPTIONS FOR EPSILON FIELD
7.4.2.1 Alternative options
7.4.2.2 Evaluation of alternative drilling options for Epsilon field

7.4.3 DRILLING OPTIONS FOR FUTURE PRINOS NORTH FIELD DEVELOPMENT

7.4.3.1 Alternative options

7-1
7-2
7-3
7-3
7-4
7-5
7-5
7-7
7-7
7-7
7-8
7-8
7-9

7-10

7-10

7.4.3.2 Evaluation of alternative drilling options for future field development7-10

7.5 PLATFORMTYPES 7-10
7.5.1 ALTERNATIVE OPTIONS 7-10
7.5.2 EVALUATION OF ALTERNATIVE PLATFORM TYPES 7-13

7.6 TOPSIDE FACILITIES 7-15
7.6.1 ALTERNATIVE OPTIONS 7-15
7.6.2 EVALUATION OF ALTERNATIVE TOPSIDE FACILITIES 7-15

7.7 PIPELINES 7-15
7.7.1 ALTERNATIVE OPTIONS 7-16
7.7.2 EVALUATION OF PIPELINES 7-16

8 CURRENT STATE OF THE ENVIRONMENT 8-1

8.1 CLIMATE AND BIOCLIMATE CHARACTERISTICS 8-4
8.1.1 CLIMATE CHARACTERISTICS 8-4
8.1.2 METEOROLOGICAL AND METOCEAN DATA 8-4

8.1.2.1 Meteorological data 8-4
8.1.2.1.1 Temperatures 8-4
8.1.2.1.2 Precipitation 8-6
8.1.2.1.3 Gaussen-Bagnouls climate Graph 8-8
8.1.2.1.4 Winds 8-9

Page | x



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

& GAS

8.1.2.2 Metocean data
8.1.2.2.1 Waves
8.1.2.3 Tidal data
8.1.2.4 Currents
8.1.2.5 Seawater properties
8.1.3 BIOCLIMATIC CHARACTERISTICS
8.2 MORPHOLOGICAL AND TOPOLOGICAL CHARACTERISTICS

8.2.1 MORPHOLOGICAL AND TOPOLOGICAL CHARACTERISTICS IN THE LAND
ENVIRONMENT

8.2.2 MORPHOLOGICAL AND TOPOLOGICAL CHARACTERISTICS IN THE MARINE
ENVIRONMENT

8.2.2.1 Bathymetry in the Kavala Gulf
8.2.2.2 Geophysical characteristics in the project area
8.3 GEOLOGICAL AND TECTONIC CHARACTERISTICS
8.3.1 GEOLOGICAL CHARACTERISTICS IN THE LAND ENVIRONMENT
8.3.2 GEOLOGICAL CHARACTERISTICS IN THE MARINE ENVIRONMENT
8.3.2.1 Geological characteristic on Kavala Gulf
8.3.2.2 Geological characteristics in the project area
8.3.3 TECTONIC CHARACTERISTICS
8.4 WATER ENVIRONMENT
8.4.1 SURFACE WATER
8.4.2 BATHING WATERS
8.4.3 TERRESTRIAL GROUNDWATER BODIES
8.5 AIR ENVIRONMENT - AIR QUALITY
8.6 ACOUSTIC ENVIRONMENT
8.7 BIOTIC ENVIRONMENT
8.7.1 PLANKTON
8.7.2 BENTHIC COMMUNITIES AND HABITATS
8.7.3 FISH SPECIES
8.7.4 MARINE MAMMALS

8-12
8-14
8-17
8-17
8-19
8-19
8-22

8-22

8-22
8-22
8-23
8-27
8-28
8-29
8-29
8-29
8-37
8-38
8-39
8-40
8-42
8-43
8-45
8-46
8-46
8-47
8-49
8-53

8.7.4.1 International, EU and National Protection Regime of Marine Mammals8-

53
8.7.4.2 Protection Regime for the Mediterranean monk seal
8.7.4.3 Protection Regime for Cetaceans

8.7.4.4 Noise and Marine Mammals

8-56
8-56
8-57

NSULTANTS Page | Xi



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

& GAS

8.7.4.5 Marine Mammals in the study and wider project area
8.7.5 AVIFAUNA
8.7.6 ENVIRONMENTAL PROTECTED AND SENSITIVE AREAS
8.7.6.1 Natura 2000 Network

8.7.6.1.1 GR 1150001, DELTA NESTOU KAI LIMNOTHALASSES
KERAMOTIS KAI NISOS THASOPOULA

8.7.6.1.2 GR 1150010, DELTA NESTOU KAI LIMNOTHALASSES
KERAMOTIS - EVRYTERI PERIOCHI KAl PARAKTIA ZONI

8.7.6.1.3 GR 1150008, ORMOS POTAMIAS - AKR. PYRGOS EOS N.

GRAMVOUSSA
8.7.6.1.4 GR 1150009, KOLPOS PALAIOU - ORMOS ELEFTHERON

8-57
8-65
8-72
8-72

8-76

8-76

8-77
8-77

8.7.6.1.5 GR 1150012, THASOS (OROS YPSARIO KAI PARAKTIA ZONI)

KAI NISIDES KOINYRA, XIRONISI
8.7.6.2 Ramsar Site
8.7.6.3 National Park of East Macedonia and Thrace
8.7.6.4 Wildlife Refuges (WR)
8.8 MANMADE ENVIRONMENT
8.8.1 PHYSICAL PLANNING AND LAND USES
8.8.2 FISHERIES AND AQUACULTURES
8.8.3 NAVIGATION
8.8.4 TOURISM
8.8.5 CULTURAL HERITAGE
8.9 SOCIO-ECONOMIC ENVIRONMENT
8.9.1 DEMOGRAPHY
8.9.2 REFUGEES
8.9.3 PRODUCTIVE STRUCTURE OF THE LOCAL ECONOMY
8.9.4 EMPLOYMENT PER PRODUCTION SECTOR AND TRENDS
8.9.5 UNEMPLOYMENT
8.10 TECHNICAL INFRASTRUCTURES
8.10.1 TRANSPORT INFRASTRUCTURE
8.10.1.1 Road network
8.10.1.2 Railway Line
8.10.1.3 Ports
8.10.1.4 Air transport
8.10.2 WATER SUPPLY / SEWERAGE / URBAN WASTEWATER

8-77
8-78
8-79
8-81
8-83
8-83
8-84
8-90
8-92
8-94
8-98
8-98
8-102
8-102
8-108
8-109
8-110
8-110
8-111
8-112
8-112
8-114
8-115

‘enr
T
oo x

z
a

coee

&
&
[

Page | xii



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

& GAS

8.10.3 ELECTRICITY, NATURAL GAS AND TELECOMMUNICATIONS NETWORKS 8-116

8.10.4 HEALTH SERVICES 8-117
8.11 EXISTING PRESSURES ON THE HUMAN AND NATURAL ENVIRONMENT
8-117
9 ENVIRONMENTAL AND SOCIAL SCOPING 9-1
9.1 INTRODUCTION 9-1
9.2 IDENTIFICATION OF KEY ENVIRONMENTAL AND SOCIAL IMPACTS 9-2
9.2.1 ROUTINE ACTIVITIES 9-10
9.2.1.1 Climate & bioclimate characteristics 9-10
9.2.1.2 Morphological and topological characteristics 9-11
9.2.1.3 Geological, tectonic and pedological characteristics 9-11
9.2.1.4 Water environment 9-13
9.2.1.5 Air quality 9-15
9.2.1.6 Acoustic environment 9-16
9.2.1.6.1 Airborne noise 9-16
9.2.1.6.2 Underwater noise 9-16
9.2.1.7 Biotic environment 9-17
9.2.1.7.1 Plankton 9-17
9.2.1.7.2 Benthic communities and habitats 9-19
9.2.1.7.3 Coastal marine habitat 9-20
9.2.1.7.4 Fish species 9-20
9.2.1.7.5 Marine mammals 9-22
9.2.1.7.6 Avifauna 9-23
9.2.1.8 Manmade environment 9-24
9.2.1.8.1 Community cohesion 9-24
9.2.1.8.2 Community health & safety 9-24
9.2.1.8.3 Marine traffic 9-25
9.2.1.9 Socioeconomic environment 9-25
9.2.1.9.1 Fisheries 9-26
9.2.1.9.2 Tourism 9-26
9.2.1.10 Technical infrastructure 9-26
9.2.2 UNPLANNED EVENTS 9-27
10 EMERGENCIES AND RISKS TO THE ENVIRONMENT AND PEOPLE 1
QUANTITATIVE RISK ASSESSMENT (QRA) 10-1
0500
ssee

NSULTANTS Page | Xiii



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

& GAS

10.1 PURPOSE, SCOPE AND OBJECTIVES OF THE RISK ASSESSMENT 10-1
10.2 DEFINITION OF A MAJOR ACCIDENT 10-2
10.3 FACILITY AND OPERATIONS OVERVIEW 10-3
10.4 THE RISK ASSESSMENT PROCESS 10-3
10.5 IDENTIFICATION OF MAJOR ACCIDENT SCENARIOS 10-4
10.6 MAJOR ACCIDENT SCENARIOS 10-5
10.7 NATURE OF CONSEQUENCES 10-11
10.8 OIL SPILL SCENARIOS 10-12
10.8.1 SCENARIOS IDENTIFICATIONS & DESCRIPTION 10-12
10.8.2 OIL SPILL DISPERSION MODELLING 10-16
10.8.2.1 Introduction 10-16
10.8.2.2 Definition of leak sources and leak scenarios 10-16
10.8.2.3 Development of oil spill modelling scenarios 10-18
10.8.2.3.1 Introduction 10-18
10.8.2.3.2 Selection of sensitive receptors 10-18
10.8.2.3.3 Metocean data 10-19
10.8.2.3.4 Physical property data 10-22
10.8.2.3.5 OQil spill scenarios 10-23
10.8.2.4 Modelling 10-25
10.8.2.5 Modelling results 10-27

10.8.2.5.1 Worst Case Scenario for the Kavala-Nea Karvali shoreline  10-28

10.8.2.5.2 Worst case scenario for the coast line between Nea Karvali and the

Nestos river Delta 10-29
10.8.2.5.3 Worst case scenario for oil arriving on the north western coast of

Thasos Island 10-30
10.8.2.5.4 OQil spill from the loading buoy 10-30

10.8.2.5.5 Impact of winds blowing from the predominant northeastery
direction  10-30

10.8.2.6 Conclusion and discussion 10-35
10.8.2.6.1 Introduction 10-36
10.8.2.6.2 Detailed discussion 10-36
10.8.2.6.3 Existing mitigation measures applied 10-37

10.9 MAJOR ACCIDENT FREQUENCY ASSESSMENT 10-39
10.9.1 HYDROCARBON RELEASE SCENARIOS 10-39
10.9.2 NON-HYDROCARBONS RELEASE SCENARIOS 10-40

0500
ssee

NSULTANTS Page | Xiv



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

& GAS

10.10 MAJOR ACCIDENT CONSEQUENCE ASSESSMENT 10-41
10.10.1 OVERVIEW 10-41
10.10.2 PHYSICAL EFFECTS ASSESSMENT 10-41
10.10.3 VULNERABILITY ASSESSMENT 10-42

10.11 RISK INTEGRATION AND MEASURES OF RISK 10-43

10.12 RISK TOLERABILITY CRITERIA 10-44

10.13 RISK ASSESSMENT RESULTS 10-45
10.13.1 INDIVIDUAL RISK PER ANNUM (IRPA) 10-45
10.13.2 POTENTIAL LOSS OF LIFE (PLL) 10-46

10.14 DISCUSSION 10-47
10.14.1 COMPARISON AGAINST RISK TOLERABILITY CRITERIA 10-47
10.14.2 QRA REVIEWS AND RISK REDUCTION 10-48
10.14.3 RISK REDUCTION STRATEGIES i EXISTING FACILITIES 10-49
10.14.4 RISK REDUCTION STRATEGIES I NEW FACILITIES 10-50

11 ASSESSMENT AND EVALUATION OF THE ENVIRONMENTAL AND SOCIAL
IMPACTS 11-1

11.1 METHODOLOGICAL REQUIREMENTS 11-1

11.2 IMPACT ASSESSMENT FROM ROUTINE ACTIVITIES 11-4
11.2.1 IMPACT ON THE CLIMATE AND BIOCLIMATE CHARACTERISTICS 11-4
11.2.2 IMPACT ON THE MORPHOLOGICAL AND TOPOLOGICAL CHARACTERISTICS 11-5

11.2.2.1 Construction Phase 11-5
11.2.2.2 Operational Phase 11-5
11.2.2.3 Abandonment Phase 11-6
11.2.3 IMPACT ON THE GEOLOGICAL AND TECTONIC CHARACTERISTICS 11-6
11.2.3.1 Construction Phase 11-6
11.2.3.2 Operational Phase 11-7
11.2.3.3 Abandonment Phase 11-7
11.2.4 IMPACT ON WATER ENVIRONMENT 11-8
11.2.4.1 Construction Phase 11-8
11.2.4.2 Operational Phase 11-8
11.2.4.3 Abandonment Phase 11-9
11.2.5 IMPACT ON AIR ENVIRONMENT 11-10
11.2.6 IMPACT ON ACOUSTIC ENVIRONMENT 11-10
11.2.7 IMPACT ON BIOTIC ENVIRONMENT 11-10

Page | xv



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

& GAS

11.2.7.1 Construction phase 11-10
11.2.7.1.1 Plankton 11-10
11.2.7.1.2 Benthic communities 11-10
11.2.7.1.3 Fish ecology 11-12
11.2.7.1.4 Marine mammals 11-12

11.2.7.2 Operational phase 11-14
11.2.7.2.1 Plankton 11-14
11.2.7.2.2 Benthic communities 11-14
11.2.7.2.3 Fish ecology 11-15
11.2.7.2.4 Marine mammals 11-15

11.2.7.3 Abandonment phase 11-17
11.2.7.3.1 Plankton 11-17
11.2.7.3.2 Benthic communities 11-17
11.2.7.3.3 Fish ecology 11-19
11.2.7.3.4 Marine mammals 11-19

11.2.8 IMPACT ON MANMADE ENVIRONMENT 11-21
11.2.9 SOCIOECONOMIC IMPACT 11-21

11.2.9.1 Construction Phase 11-21

11.2.9.2 Operational Phase 11-22

11.2.9.3 Abandonment Phase 11-22

11.2.10 IMPACT ON TECHNICAL INFRASTRUCTURES 11-22

11.2.10.1 Construction Phase 11-22

11.2.10.2 Operational Phase 11-22

11.2.10.3 Abandonment Phase 11-23

11.3 IMPACT ASSESSMENT FROM UNPLANNED EVENTS 11-23
11.3.1 IMPACT ON CLIMATE AND BIOCLIMATE CHARACTERISTICS 11-23

11.3.2 IMPACT ON MORPHOLOGICAL AND TOPOLOGICAL CHARACTERISTICS 11-24

11.3.3 IMPACT ON GEOLOGICAL AND TECTONIC CHARACTERISTICS 11-24
11.3.4 IMPACT ON WATER ENVIRONMENT 11-24
11.3.5 [IMPACT ON AIR ENVIRONMENT 11-25
11.3.6 IMPACT ON ACOUSTIC ENVIRONMENT 11-25
11.3.7 IMPACT ON BIOTIC ENVIRONMENT 11-25
11.3.8 IMPACT ON MANMADE ENVIRONMENT 11-28
11.3.9 IMPACT ON SOCIOECONOMIC ENVIRONMENT 11-29
11.3.10 IMPACT ON TECHNICAL INFRASTRUCTURES 11-29

LDK

I

ese

NSULTANTS Page | XVi



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

& GAS

12 MANAGING ENVIRONMENTAL AND SOCIAL IMPACTS 12-1
12.1 INTRODUCTION 12-1
12.2 CURRENT MITIGATION MEASURES IN PLACE 12-2
12.3 MITIGATION MEASURES EBMEDDED IN PROJECT DESIGN OF THE
PLANNED FACILITIES 12-6
12.4 ADDITIONAL MITIGATION MEASURES PROPOSED 12-8

12.4.1 CLIMATE AND BIOCLIMATE CHARACTERISTICS 12-8
12.4.2 MORPHOLOGICAL AND TOPOLOGICAL CHARACTERISTICS 12-8
12.4.3 GEOLOGICAL AND TECTONIC CHARACTERISTICS 12-9
12.4.4 WATER ENVIRONMENT 12-9
12.4.5 AIR ENVIRONMENT 12-10
12.4.6 ACOUSTIC ENVIRONMENT 12-10
12.4.7 BIOTIC ENVIRONMENT 12-10
12.4.7.1 Plankton 12-10
12.4.7.2 Benthic communities and habitats 12-11
12.4.7.3 Coastal marine habitats 12-11
12.4.7.4 Fish ecology 12-11
12.4.7.5 Marine mammals 12-11
12.4.7.6 Avifauna 12-12
12.4.8 MANMADE ENVIRONMENT 12-13
12.4.9 SOCIO-ECONOMIC ENVIRONMENT 12-13
12.4.10 TECHNICAL INFRASTRUCTURES 12-13

13 ENVIRONMENTAL AND SOCIAL MANAGEMENT AND MONITORING PLAN

(ESMMP) 13-1
13.1 INTRODUCTION 13-1
13.2 SCOPE 13-2
13.3 MANAGEMENT OF CHANGE 13-3
13.4 PROJECT STANDARDS 13-3
13.5 OBJECTIVES AND TARGET SETTING 13-4
13.6 ENE R GE &HEALTH, SAFETY AND ENVIRONMENTAL MANAGEMENT
SYSTEM (HSE MS) OVERVIEW 13-5

13.6.1 OVERVIEW 13-5
13.6.2 RISK ASSESSMENT | HAZARD / ASPECT IDENTIFICATION AND RISK
MANAGEMENT 13-6

0500

ssee

NSULTANTS Page | XVii



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

& GAS

13.6.3 LEGAL AND OTHER REQUIREMENTS
13.7 THE ESMMP AS PARTOFE N E R G E &aMKNAGEMENT SYSTEM
13.8 OTHER HSE MS RELATED
13.9 ROLES AND RESPONSIBILITIES
13.9.1 CONSTRUCTION PHASE
13.9.2 OPERATION PHASE
13.10 COMPETANCIES AND TRAINING
13.10.1 INTRODUCTION
13.10.2 OBJECTIVES OF TRAINING PROGRAMME
13.10.3 ROLES AND RESPONSIBILITIES
13.10.4 TRAINING LOG
13.10.5 ASSESSMENT OF TRAINING REQUIREMENTS
13.10.6 TRAINING MATERIAL
13.10.7 TRAINING DURING CONSTRUCTION PHASE
13.10.8 TRAINING DURING OPERATION PHASE
13.11 COMMUNICATIONS
13.11.1 COMMUNICATIONS DURING CONSTRUCTION PHASE
13.11.2 COMMUNICATIONS DURING OPERATIONS PHASE
13.12 MANAGEMENT OF CHANGE
13.12.1 OVERVIEW
13.12.2 EMERGENCY PREPAREDNESS AND RESPONSE
13.13 CONTRACTOR AND SUPPLIER MANAGEMENT
13.14 MONITORING AND EVALUATION
13.15 ENVIRONMENTAL AND SOCIAL MONITORING PLAN
13.15.1 INTRODUCTION
13.15.2 ENVIRONMENTAL MONITORING AND REPORTING
13.15.2.1 Compliance monitoring
13.15.2.2 Monitoring plan for key environmental and social parameters
13.15.2.3 Complaints register
13.15.2.4 Photographic record
13.15.2.5 Audit reports
13.15.2.6 Communication and documentation
13.15.2.7 Meetings
13.16 NON-CONFORMANCE, INCIDENT AND ACTION MANAGEMENT
13.16.1 OVERVIEW

13-8

13-8
13-11
13-12
13-12
13-15
13-16
13-16
13-17
13-17
13-17
13-17
13-18
13-18
13-19
13-19
13-19
13-20
13-20
13-20
13-20
13-21
13-21
13-22
13-22
13-23
13-23
13-24
13-27
13-27
13-27
13-27
13-27
13-28
13-28

NSULTANTS Page | XViii



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

& GAS

13.16.2 INCIDENT / NON CONFORMITY REPORTING AND RESOLUTION 13-28
13.17 REPORTING 13-29
ANNEXES

ANNEX 01: RELEVANT DOCUMENTATION
OFFSHORE PRINOS COMPLEX ENVIRONMENTAL PERMITS
Offshore exploration permits
Offshore exploitation permits
ONSHORE PRINOS COMPLEX ENVIRONMENTAL PERMITS

ANNEX 02: MAPS & DRAWINGS- PIPING & INSTRUMENTATION DIAGRAMS
(P&IDs)- PROCESS FLOW DIAGRAMS (PFDs)

MAPS & DRAWINGS
PIPING AND INSTRUMENTATION DIAGRAMS (P&IDS)
PROCESS FLoOW DIAGRAMS (PFDS)
ANNEX 03: MARINE GEOPHYSICAL SURVEY
ANNEX 04: SPECIAL ECOLOGICAL STUDY (SES)
ANNEX 05: MARINE ECOLOGY STUDY
ANNEX 06: POLLUTION ASSESMENT STUDY
FINAL REPORT FOR PoLYCYCLIC AROMATIC HYDROCARBONS (PAHS)
CHEMICAL ANALYSIS POLLUTION ASSESSMENT STUDY
ANNEX 07 : OIL SPILL MODELLING

ANNEX 08: CHEMICAL USE PLAN (IN ACCORDANCE WITH OFFSHORE
PROTOCOL)

ANNEX 09: WASTE MANAGEMENT PLAN (WMP)

ANNEX 10: NOISE MEASUREMENTS

ANNEX 11: STAKE HOLDER ENGAGEMENT PLAN

ANNEX 12: CHANCE OF FINDS PROCEDURE FOR CULTURAL HERITAGE
ANNEX 13: CONTIGENCY PLAN

ANNEX 14: HSE PLAN

ANNEX 15: TRAFFIC MANAGEMENT PLAN

ANNEX 16: CONSTRUCTION MANAGEMENT PLAN

ANNEX 17: BIODIVERSITY WILDLIFE MANAGEMENT PLAN

ANNEX 18: POLLUTION PREVENTION PLAN

NSULTANTS Page | XiX



/a/_\ ENVIRONMENTAL & SOCIAL IMPACT ASSESSMENT (ESIA) FOR

ENERGEAN PRINOS OFFSHORE DEVELOPMENT PROJECT
OIL & GAS
TABLES
Table 1-1: Prinos field prodUCHION ...........oeiiiiiiiiiiicc e e e 1-5
Table 1-2: Coordinates for existing and planned platforms (WGS 84)........ccccccovcvvvvveeveeenninnns 1-10
Table 1-3: Coordinates for existing and planned platforms (WGS 84 UTM 35 North)........... 1-10
Table 2-1: Outline of Monitoring Program during the Construction Phase............ccccccooveeee 2-19
Table 2-2: Outline of Monitoring Program during the Operation Phase...........ccccccceeiviiieens 2-20
Table 2-3: Outline of Monitoring Program during the Decommissioning Phase ................... 2-22
Table 3-1: Expected dosage rates - Delta........cccuvvieiiiiiiiiiiiii e 3-4
Table 4-1: Prinos area development project COSt €SIMAte ..........cccvvcvvviieeeeeeiiiiiiiie e 4-7
Table 5-1: Legal acts governing the concession agreemMent..............uuuverereemrererminrmrerninrnnnn. 5-1

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

................................................................................................................................................ 5-23
Table 5-3: Project compliance of EBRD Performance Requirements (PR) ........ccccccvvvvvvinnnns 5-30
Table 5-4: Emission limit values for WasteWater .............ccoiiiiiiiiiiiiie e 5-36
Table 5-5: European and National Legislation on Air POIULION ............ccccoiiiiiiiiiiiiie 5-38
Table 5-6: Air Quality limit values according to National and European Legislation.............. 5-38
Table 5-7: Alert thresholds for short term reSponse MEASUIES ............uvvvvrvivrriuieieiernieinrnnninnn, 5-40
TaADIE B-1: WALET USE .....eeeiiiiiiee ettt et e ettt e e et e e s e e e nnn e e e nnneee e e 6-14
L= ) ST G e U= o T T} 2 = o 6-15
Table 6-3: POWET CONSUMPLION ......viiiiiiiiiie et ettt e et e et e e et e e et e e e e snbneeeeans 6-17
Table 6-4: SIP2 platforms COOMdINALES .........uuviiiiiiiii it 6-25
Table 6-5: Summary dimensions of SIP2 platform...........ccooiiiii e 6-27
Table 6-6: Weight Estimation (Structural StEEl) ............uuuruimimiiiiiiiiiiiiiiiiiiiiie e, 6-28
Table 6-7: SIP2 suction pile diMENSIONS .........uuuuiuiiiiiiiiiiiiieieeee . 6-29
Table 6-8: Dimensioning of pipelines and umbIliCalS ................vuveiiiiiiiiiiiiiii, 6-33

Table6-9: Techni cal characteri st.i.cs..of..Ene.r.g.68%

Table 6-10: Epsilon Production SCENATOS .......ccoiuiiiiiiiiiieiiiiee ettt e e 6-65
Table 6-11: Drilling and Tubing PIan ........cooiiiiiiii e 6-73
Table 6-12: Drilling Sludge Plan per Drilling SEeCHiON...........uuvuiiiiiiiiiiiiiiiiieiiiviiieieieieinvnrniainennns 6-74

Table 6-13: Concentration of materials for the preparation of the drilling mud per well section 6-
75

Table 6-14: Estimated quantities of materials for the preparation of the drilling mud per well

LS 1o SO UEER 6-76
Table 6-15: Chemicals currently used on existing facilitieS...........cccccviiiiiiiie e 6-82
SLDK
e8ee
eeee

NSULTANTS Page | XX

Forcebo



/a/_\ ENVIRONMENTAL & SOCIAL IMPACT ASSESSMENT (ESIA) FOR

ENERGEAN PRINOS OFFSHORE DEVELOPMENT PROJECT
OIL & GAS
Table 6-16: Chemicals currently used on existing facilitieS...........cccccviiiiiiiiiii e 6-85
Table 6-17: Chemical properties for the offshore facilities ...........cccocoviiiiiii e 6-87
Table 6-18: Expected dosage rates - Delta........cccuvveviieeiiiiiiiiiecc e 6-88
Table 6-19: Expected dosage rates - Lamda ..........ueevveeiiiiiiiiiiiiie et 6-89
Table 6-20: Expected dosage rate€s - OMICION........uuieeeeeiiiiiiiiieeeeee e e siiiriee e e e e e e e snrrarreeeeeeeaanns 6-89
Table 6-21: Annual chemical consumption rate for Lamda & Omicron (m%annum).............. 6-90
Table 6-22: Sound sources from drilling aCtIVItIES ...........eeiiiiiiiiiiiec e 6-92
Table 6-23: Produced water forecasts (M3/annuim)..........cccueeiieriiereiieee e 6-93
Table 7-1: Evaluation of alternative field development options..........cccccvveeeiiiiiiiieeee e, 7-5
Table 7-2: Environmental criteria for drillings, according to MD 170225/14 .......ccccccceeevvenvnnen. 7-8
Table 7-3: Evaluation of BT/SIFT @nd SIP2 ... 7-14
Table 7-4: On-bottom Stability AnalysiS RESUILS .........ccuueiiiiiiiiiiiec e 7-17

Table 8-1: Primary and wider study area definition for environmental and social parameters 8-1

Table 8-2: Temperature data of Meteorological Station of Chryssoupolis Kavala for the period

LO58-2010. .. 8-5
Table 8-3: Precipitation Data of MS of Chryssoupolis Kavala for the period 1958-2010......... 8-6
Table 8-4: Humidity Data of MS of Chryssoupolis Kavala for the period 1958-2010............... 8-7
Table 8-5: Annual % frequency and intensity of maximum wind speed per month (Source: BMT
ARGROSS Epsilon field metocean report October 2015).........eiiiiiiiiiiiiiiieeiiieeee e 8-9
Table 8-6: annual frequency of significant wave heights (Source: BMT ARGROSS Epsilon field
metocean report OCLODEI 2015) ....ioiueiiieiiiiie ettt 8-15
Table 8-7: Maximum wave heights (in m) for respective extreme return conditions (Source: BMT
HINACAST) ..o 8-16
Table 8-8: Tidal water [eVel COMPONENTS.........uiiiiiiiii it 8-17

Table 8-9: Information about the sediment samples collected during the ground-truth survey.
Colour coding was held accordi ng..t.o..t.he..882Munsell S

Table 8-10: Metal concentration iN SEAIMENTS..........iiiiiiiiiiiie e 8-34
Table8-11: PAHs i n sedi.ment.s..(.80/.L) . 8-37
Table 8-12: PAHs inse awat e r ... 8.0 L L) 8-40
Table 8-13: Quality of bathing waters from 2011 till 2014 in the wider study area ................ 8-41
Table 8-14: Values of BENTIX and ecological quality of sampling stations..............cccccceeue. 8-47

Table 8-15: Dominant fish species and protection status in the Thracian Sea based on
abundance rank for various depth groups identified by cluster analysis. ............cccccceeviiinnne. 8-49

Table 8-16: Metal concentration in sediments, fish and mussels sampled in Kavala Gulf ....8-53

Table 8-17: PAHSs in fishes and MUSSEIS (IMQ/L) ...veveriiiiiiiiiiiiieiie e 8-53
Table 8-18: Functional hearing groups for Cetan@ans..........c..ccceviiivie e 8-57
SLDK
0886
( L X 1

CONSULTANTS Page | XXi



/a/_\ ENVIRONMENTAL & SOCIAL IMPACT ASSESSMENT (ESIA) FOR

ENERGEAN PRINOS OFFSHORE DEVELOPMENT PROJECT
OIL & GAS
Table 8-19: Cetaneans species likely to be found within the Kavala Gulf.............c...ccoceeee 8-59
Table 8-20: Main phenology variables of the 2 main seabirds in the Kavala Gulf ................. 8-68

Table 8-21: Species of conservation concern recorded or expected to be present in the wider
area including qualifying species for IBAs and Natura, species included in Annex | of the Birds

L0103 1Y 8-68
Table 8-22: Land distribution in the RU of Kavala..........cooooeuuiiiiieiiiiiieeeeee e 8-83
Table 8-23: Main catches of the Kavala Fish Market Trawlers ........c..ooevveiiiiiiiiieie e, 8-86

Table 8-24: Hotels of all types in the continental part of the RU of Kavala and the island of Thasos

until 24.6.2015 (Hellenic Chamber of HOteIS).........coouiiiiiiiiiiii e 8-92
Table 8-25: Rooms & apartments to let, and self-serviced accommodations in the continental
part of the RU of Kavala and Thasos Island (Hellenic Chamber of Hotels) ........................... 8-92
Table 8-26: Percentages of stays in hotel accommodations in the RU of Kavala ................. 8-93

Table 8-27: Percentages of total stays of foreign tourists in hotel accommodations3 in the RU of

[ 1V | O PP PP PP PTPRP 8-93
Table 8-28: Traditional settlements in RU of Kavala) ...........cccccoiiiiiiiiiiiiiicieec e 8-96
Table 8-29: Inventory of municipalities in the RU of Kavala.............ccccoeiiiiiiiiee 8-99

Table 8-30: Change in resident population in the Regional Unit of Kavala by Municipality, 1991
A 0L 1 R I OSSPSR 8-100

Table 8-31: Financial and production activities in the RU of Kavala...............cccovvvvvveeennnn. 8-103

Table 8-32: GDP persect or i n the RU of...Kawv.a.l.a..[(.0..mi8107i ons)

Table 8-33: Contribution of employment of RU Kavala per production sector, 2001........... 8-108
Table 8-34: Contribution of employment of RU of Kavala in the total REMTH, per production
sector and per MUuniCiPality, 20071 .......cccuueiiiiiiiiie it 8-108
Table 8-35: Employment conditions per municipality of the RU of Kavala........................... 8-109

Table 8-3 6 : Passenger tPrra fnfoisane (Séarcér KevalagbrtaAuthority) 8-112

Table 8-3 7 : Passenger tratThasosof PoirKiteor aimeitiy | ine (Sour
AUTNOTILY) e ——————— 8-112

Table 8-3 8 : Passenger tSraanfoftihcr adckfi 0 Kaeewalya | i ne (Sour ce:
.............................................................................................................................................. 8-113

Table 8-39: Passenger traffic of cruises (Source: Kavala port Authority) ..........ccccccvvvvvnnnnns 8-114

Table 8-40: International tourist arrivals at the Chrysoupoli airport (Source: Business Plan of the

RU Of KAVAIA) ...ttt et e et e et e e 8-114
Table 8-41: Private POWET PIANTS ......ccoiuiiiiiiiiiiieiiie et 8-115
Table 9-1: Scoping T interaction table during construction phase .........cccccccoiiiiiiiiiieiiiiiiinne. 9-4
Table 9-2: Scoping T interaction table during operation phase............cccccceeiiiiiiiiiiie i, 9-6
Table 9-3: Scoping T interaction table during abandonment phase..........c..cccccoviiiiiiieene 9-8
SLDK
0886
( L X 1

NSULTANTS Page | XXii



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

& GAS

Table 10-1: Major aCCIdeNES SUMIMATY .....ccoiuirieiitiieee it e et e et e et e et e e b e e e e abeeeaeans 10-7
Table 10-2: Major acCidentS CONSEQUENCES .......couurrieiiieiieiiieeeeaitiee e st e et eesieee e sneeeees 10-11
Table 10-3: Oil SPIll SCENANIOS .....ecceiiiiiiiiie et e e e e e e s s e raeeeaeaans 10-13
Table 10-4: Modelling outcomes for the three leak Cases........cccccccvvvviiiiieeeeii i, 10-31
Table 10-5: Hydrocarbon Release Scenarios: Frequency Data Sources Summary............ 10-39

Table 10-6: Non-Hydrocarbon Release Scenarios: Frequency Data Sources Summary.... 10-40

Table 10-7: HAMM CrIEEIIA ...oivviii ittt 10-42
Table 10-8: MEASUIES OF MSK .....ciiiiiiiiiiiiii i 10-43
Table 10-9: Individual risk tolerability CrHtEria .........uuvveeeriiiiiieiie e 10-44
Table 10-10: Individual riSK PEr @NNUM .......ccciiiiiiiiiiie e e e e e e e e 10-46
Table 10-11: Risk benefit to worker groups from protecting the upper desk restroom ........ 10-49
Table 10-12: Risk benefit to worker groups from welding manual valves on headers containing
TOXIC MALEITAL. ...ttt s et e s e s annees 10-50
Table 11-1: Impact nature assesSMeNt (STEP 1) .......uuviiiiiiiiiiiiiiiieiiiiiiieieieieinreieenrereennnnnn. 11-1
Table 11-2: Considerations for magnitude and likelihood (STEP 2) ........ccccoovviiiiiiiiiiiiiiecens 11-2
Table 11-3: Impact significance assessment i Negative impacts (STEP 3).........cccccvvveeenne 11-3
Table 11-4: Consideration of reversibility (STEP 4) .....c..cooiiiiiiiiiiieeeee e 11-4
Table 11-5: Explanation of Impact @SSESSMENT.........uuuuuururuinriiriiiiieieieieieeeiereree ... 11-4
Table 13-1: Environmental and Social Management Plans ............cccccvvvvviivinieinieieieinininin, 13-9
Table 13-2: Daily WOrKSIt€S CRECKS .......uuvuiiiiiiiiiiiiiiiiiiieieietaieie bbb rnreenrnrnrnrnennes 13-13
Table 13-3: CoNnStruction SIite ChECKS .......oiiiiiiiiiiiiiie s 13-14
Table 13-4: indicative scope of training ProgrammMe ..........cocueiiiiiiiieeiiiiee e 13-18
Table 13-5: Outline of Monitoring Program during the Construction Phase......................... 13-24
Table 13-6: Outline of Monitoring Program during the Operation Phase ............cccccvvvvvninn. 13-25
Table 13-7: Outline of Monitoring Program during the Decommissioning Phase ................ 13-26
IE= o] (ST e B T = T Yo Lol (= o To ] o £ 13-29
DIAGRAMS
Diagram 6-1: Typical open drain arrangement.............cocvvviiiiiiiiiiiiieeeeeeeeeeeeeeeeee e 6-63
Diagram 6-2: Typical closed drain arrangement ............eeeieeaiiiiiiiiieie e 6-63
Diagram 6-3: Prin0os basin, 2P Oil fOr@CASS .........coiiiiiiiiiiiiie e 6-67
Diagram 6-4: SIP chemical injection SChemMe ..o 6-86
Diagram 6-5: Chemical consumption per type and YEar ..........ccccvveiiiieieiiiiiee e 6-90

Diagram 8-1: Annual development of the Monthly Mean Maximum, Mean and Mean Minimum

NSULTANTS Page | XXiii



/a/_\ ENVIRONMENTAL & SOCIAL IMPACT ASSESSMENT (ESIA) FOR

ENERGEAN PRINOS OFFSHORE DEVELOPMENT PROJECT
OIL & GAS
Temper at uSoerce(H&lEnic,National Meteorological Service HNMS) ...........ccco....... 8-5

Diagram 8-2: Annual development of the average precipitation (mm) and maximum 24-hrs
(Source: Hellenic National Meteorological Service HNMS...........oooiiiiiiiiiiiiiec e 8-6

Diagram 8-3: Average monthly relevant humidity range 1984-1981, Source: Hellenic National
Meteorological SErvicCe HNIMS .........ooiiii et e e e e e e s e reeaee s 8-8

Diagram 8-4: Gaussen-Bagnouls climate Graph of ChrySSoupolis...........cccceiiiiiieiiiiieciiinne, 8-9

Diagram 8-5: Wind direction frequency chart (Source: BMT ARGROSS Epsilon field metocean

(=T 0o @ Tox o] o T=T b2 1 ) I PSRRI 8-11
Diagram 8-6: Wind direction frequency chart for February and July (Source: BMT ARGROSS
Epsilon field metocean report OCtober 2015) .......ccciicuiiiiiiee e e e 8-11
Diagram 8-7: Vertical current profiles by direction ...........cccccciiii 8-18
Diagram 8-8: HYCOM vs AVHRR Sea surface temperature check...........ccccocceviiiiniinninnns 8-19
Diagram 8-9: Abstract from bioclimatic levels of Emberger diagram ............cccocvviiiiiinennnn 8-21
Diagram 8-10: Average SO2 concentrations in PPb. .......oocuviiiiiiieiii e 8-44
Diagram 8-11: Average H2S concentrations in PPh .......cocoovviiiiii 8-44
Diagram 8-12: Average Total Hydrocarbon- HCT concentrations in mg/m3 ..............c.......... 8-45
Diagram 8-13: Population in the municipalities of the RU of Kavala (1991-2011)............... 8-101
Diagram 8-14: Productivity Sector in the Regional Unit of Kavala by Municipality. ............. 8-108
Diagram 10-1: RiSK aSSESSIMENT PrOCESS .....ceeiuiiiieiiiiiie it ettt ettt 10-4
Diagram 10-2: Identification of major acCidents SCENAIIOS........c.uvveiiiiiieiiiiie e 10-5
Diagram 10-3: Wind speed distribution over a typical year...........c.ccccccccviiiiiiii 10-20
Diagram 10-4: Wind rose showing predominant wind direCtions ...........ccccccccevvveveviieninenen.. 10-21
Diagram 10-5: Wave heights and distribution by direction..............cccccccoeviiiiii 10-22
Diagram 10-6: Breakdwon of risk contributirs on Prinos and Lamda platforms................... 10-47
MAPS
Map 1-1: Location of the Prinos development area in the Gulf of Kavala. ............................... 1-6
Map 1-2: Location of Project facilities (planned and existing) ..........ccccccvvveviiiiiii 1-7

Map 1-3: Administrative boundaries of the broader project area and association with the offshore
facilities (planned and eXISTING) . .....oooeieeiiieeee e e e e e e 1-9

Map4-:Ener geanos ..l . 8. 8.8 .S i 4-1

Map 5-1: National spatial organization of industry (Source: National Spatial Planning Framework
and Sustainable Development for the Industrial SECtOr) ..........cooviiiiiiiiiiiiiiiiee 5-42

Map 6-1: Existing facilities of Prinos and South Kavala fields...........ccccccooiiiiiiiiiiiiiin, 6-4

Map 6-2: Existing submarine pipeline connections between offshore facilities and offshore i

NSULTANTS Page | XXV



/a/_\ ENVIRONMENTAL & SOCIAL IMPACT ASSESSMENT (ESIA) FOR

ENERGEAN PRINOS OFFSHORE DEVELOPMENT PROJECT
OIL & GAS
ONSNOTE TACIILIES ... 6-18
Map 6-3: Indicative onshore construction Site 10CatioN.............cccvveiiiiieiiiiii e 6-52
Map 6-4: Indicative transportation route to Platform Location from Athens .............ccccveeee.n. 6-56
Map 7-1: Recorded marine traffic in Aegean Sea (source: www.marinetraffic.com) ............. 7-17
Map 8-1: Orientation map (red Circle: ProjeCt ar€a)..........ueeveeeveiiivirieeee e sesare e 8-2
MEP 8-2: PrOJECT AIBA ...ttt ettt ettt e e bbbttt et e e s s 8-3
Map 8-3: Locations of interest i Lamda, Alpha and OmiCron ...........ccccceiiiieiiiiiee i 8-13

Map 8-4: Aegean Sea and Mediterranean hindcast gridpoints, (Red circle: project areas, blue

CIFCIEI WAVE DUOY) ..ottt e et e et e e 8-15
Map 8-5: Bathymetry in the Kavala GuUIF............cuoiiiiiiii e 8-23
Map 8-6: Sampling PoiNtS Of SEAIMENTS .......oviiiiiiie i 8-34
Map 8-7: Seismic risk zone map Of GrEeECE .........cooviviiiiiiii 8-38
Map 8-8: Seawater Sampling POINES ....ccooviiiiii i 8-39
Map 8-9: Bathing Water Monitoring Stations in the wider study area..............cccccceevvvevevenen. 8-41

Map 8-10: Graphical representation of the ecological quality of the sampling stations. Colour
symbolism as in the Water Framework DIr€CHVE ...........coovvviiiiiiiiiiiiieeeeeee 8-48

Map 8-11: Distribution of selected species of interest to fisheries (crustacean, shell fish, squid
and octopuses, sharks, rays and bony fish) based on various survey data. The number of
species refers to the estimated mean per sampling Operation............occcvveevveeeiiiieeeeniieeeens 8-52

Map 8-12: Status of existing and proposed Marine Protected Areas (MPAs) for Whales and

Dolphins in the Mediterranean and Black Seas by ACCOBAMS. ........cccoooiieiiiiiiieeiiiieeeen 8-54
Map 8-13: Appearance of monk seal in Greece during the period 1996 7 2009 - red circle: project
area (source: Kotomatas, 2009) ........ouiiiiiiiiiiiiiiiieieee ettt 8-62
Map 8-14: Monk seal distribution in Greece (MOM 2013)......ccccuiieiiiiiieiiiiie e 8-63
Map 8-15: Monk seal encounters in Greece (MOM 2013) .....cocouuiieiiiiiieeiiiiie e 8-64
Map 8-16: MONK Seal IMPOrtant GrEaS ..........uiiiuiiiieiiiie ettt 8-65
Map 8-17: Important Bird Areas (IBAs) in the Project area (adopted from BirdLife International,
Important Bird and Biodiversity Areas (IBAs) http://www.birdlife.org/datazone/site) ............. 8-66
Map 8-18: NATURA 2000 Areas within the broader Project area (existing and proposed
PlAtfOrMS = TEA CIFCIE) ..t 8-67
Map 8-19: General map of NATURA 2000 Areas in the Northwest Aegean Sea.................. 8-74
Map 8-20: NATURA 2000 Areas within the Kavala GuIf............ccccooiiiiiiiiie 8-75
Map 8-21: Area of the Ramsar Site "Nestos Delta and Adjoining Lagoons" in relation to the
Onshore Facilities - SIGMA (Fed CirCle) .......uuvieiiiiiieeiiie e 8-79
Map 8-22: National Park of East Macedonia and Thrace..........cccccvviiiiiiiiiie i 8-81
Map 8-23: Wildlife Refuges within the broader Project area ..........ccccoeviviiiiiiiiieeiiiiiiiieeeenn, 8-82
SLDK

IIr

eses

NSULTANTS Page | XXV



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

& GAS

Map 8-24: Fishing grounds of trawlers in the RU of Kavala i red arrows show the main grounds

Of the SEINE-fISNING VESSEIS ...ooiii it e e 8-85
Map 8-25: Coastal fishing grounds along the coasts of the RU of Kavala..............c.ccccce 8-85
Map 8-26: Fisheries prohibition with trawling net in accordance with the RD 917/1966........ 8-88
Map 8-27: Fisheries prohibitions for trawlers in accordance with Decision by the M.R.D&F. No.
AO2BIBA5S5TI20DA ...ttt e e e ettt e e e e et e e e e e e e e e nbaareeaaaeaeane 8-89
Map 8-28: Aquaculture in the Kavala GuUIT............cooiiiiiiii e 8-90
Map 8-29: Density of marine traffic in the Aegean Sea and the Kavala Gulf (source:
WWW.MANNEFATTIC.COM) ...t 8-91
Map 8-30: Archaeological and cultural sites in the RU of Kavala .............ccoccoiiiiiiiiincnnn 8-95
Map 8-31: Traditional settlements in RU of Kavala............cccccoiiiiiiiiiiiiicc e 8-97
Map 8-32: Administrative divisions in the RU of Kavala...............ccccccociiii 8-99
Map 8-33: Transport INfraStrUCIUIES ........ccoeeeiieiicieee e 8-111
Map 8-34: Wastewater treatment plants ... 8-115
Map 8-35: Location of industries, aquacultures, wastewater treatment plants and landfills in the
WIOEE PIOJECT BB ....veeiei ittt ettt ettt e e et e e e e e e e e e e e e 8-118
Map 10-1: Potential Ieak POINES ......cooveeiiiiiie 10-25
SLDK

IIr

eses

NSULTANTS Page | XXVi



ENERGEL{}N \

& GAS

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

AARC

ABBREVIATIONS

Average annual rate of change

Agreement on the Conservation of Cetaceans in the Black Sea,

ACCOBAMS Mediterranean Sea and contiguous Atlantic
AG Associated Gas
ALARP As Low As Reasonable Practicable
APl American Petroleum Institute
AVHRR Advanced Very High Resolution Radiometer
BA Breathing Air
BASF Triethylene glycol
BOP Blow Out Preventor
BSW Black Sea waters
BT Buyoant Tower
CAPEX Capital Expenditure
CBA Cost Benefit Assessment
CBD Convention on Biological Diversity
CCR Central Control Room
CEM Continuous Emissions Monitoring
CFS Climate Forecast System
CLC Civil Liability Convention
CMD Common Ministerial Decision
CMS Conservation of Migratory Species
CWB Coastal Water Bodies
DC Coastal Detritic
DES Dirilling Equipment Set
DESFA Hellenic Gas Transmission System Operator
DIPA Directorate of Environmental Permitting
DNV Det Norske Veritas
DTL Dangerous Toxic Load
LDK
e0e
eee

Page | xxvii



ENERGEL{}N \

& GAS

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

E&P

E&S

EBRD

EE

EEC

EHS

EIA

EIS

EKAB

ELD

ELFE

ELSTAT

ENERGEAN

EO

EOR

EPC

EPER

ERD

ERM

ERP

ESD

ESIA

ESMMP

ESMP

ESMS

ESP

EU

EUNIS

EUOAG

Exploration & Production

Environmental and Social

European Bank for Reconstruction and Development
Environmental Engineer

European Economic Community

Environment Health and Safety

Environmental Impact Assessment
Environmental Impact Study

National Centre for Immediate Response
Environmental Liability Directive

Hellenic Fertilizers

Hellenic Statistical Authority

Energean Oil & Gas S.A.

Environmental Officer

Enhanced Oil Recovery

Engineering Procurement Construction
European Pollutant Emission Register
Extended Reach Drill

Environmental Resources Management Limited
Emergency Response Plan

Emergency Shut Down

Environmental & Social Impact Assessment
Environmental and Social Management and Monitoring Plan
Environmental and Social Management Plan
Environmental and Social Management System
Electric Submersible Pump

European Union

European Nature Information System

European Union Offshore Oil & Gas Authorities Group

Page | xxviii



ENERGEL{}N \

& GAS

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

F&G

FEED

FIREI

GDP

GES

GG

GHG

GlIP

GOP

GSA

H&S

HAZID

HAZOP

HEDNO SA

HNS

HOS

HR

HS

HSE

HvVC

HZW

IBA

ICZM

IFC

IFI

IGB

ILO

IMDG

IMO

Fire and Gas

Front End Engineering Design
Fisheries Research Institutes

Gross Domestic Product

Good Environmental Status
Government Gazette

Green House Gas

Good International Industry Practice
Good Oilfield Practices

Geographical Sub Area

Health and Safety

Hazard Identification

Hazard and Operability

Hellenic Electricity Distribution Network Operator SA
Hazardous and Noxious Substances
Hellenic Ornithological Society
Hellenic Republic

Health and Safety

Health, Safety and Environment

High Voltage Center

Hazardous Waste

Important Bird Areas

Integrated Coastal Zone Management
International Finance Corporation
International Financial Institution
Interconnector Greece i Bulgaria
International Labour Organization
International Maritime Dangerous Goods Code

International Maritime Organization

Page | xxix



ENERGEL{}N \

& GAS

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

IOR

IPPC

IRPA

IUCN

JMD

LBS

LDK

LFL

LONB

LSIR

MAP

MARPOL

MCC

MD

MMO

MMP

MPA

MPFM

MPME

MS

MS

MS

MSFD

NAG

NCEP

NDT

NGO

NHZW

NOAA

Improved Oil Recovery

Industrial Pollution Prevention Control
Individual Risk Per Annum

International Union for Conservation of Nature
Joint Ministerial Decision

Land Based Sources

LDK Engineering Consultants S.A.

Lower Flammable Limit

Landscapes of Outstanding Natural Beauty
Location Specific Individual Risk
Mediterranean Action Plan

Marine Pollution

Motor Control Center

Ministerial Decision

Marine Mammal Observers

Management and Monitoring Plan

Marine Protected Area

Multi-Phase Flow Meter

Most Probable Maximum Extreme

Member States

Meteorological Station

Management System

Marine Strategy Framework Directive
Non-Associated Gas

National Centres for Environmental Prediction
Non Distractive Testing

Non i Governmental Organisation
Non-Hazardous Waste

National Oceanic and Atmospheric Administration

Page | xxx






