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ADD
ADF
AIS
ALARP
AP

ASCOBANS
BAC

bcm

BSPA

BUCC
BWM
Convention

Cd

CFP
CHEMSEA
CHO

CI

CMP
CMS
Convention

Co

CO,
CR
Cu
CWA
CwcC
DCE
DDD
DDE
DDT
DEA
DHI
DIF
DIN
DIP
DK
DMA
DNV
DO
DP
E&S
EAC
EE
EEZ
EHS
EIA

Espoo Report

acoustic deterrent device
Admiral Danish Fleet

Automatic Identification System
as low as reasonably practicable
Affected Party

Agreement on the Conservation of Small Cetaceans of the Baltic and North

Seas

background assessment criterion
billion cubic metres

Baltic Sea Protected Area
back-up control centre

Ballast Water Management Convention
cadmium

EU Common Fisheries Policy

Chemical Munitions Search and Assessment
cultural heritage object

confidence interval

Construction Management Plan

Convention on the Conservation of Migratory Species of Wild Animals
carbon monoxide

carbon dioxide

critically endangered

copper

chemical warfare agent

concrete weight coating

Danish Centre for Environment and Energy
dichlorodiphenyldichloroethane
dichlorodiphenyldichloroethylene
dichlorodiphenyltrichloroethane
Danish Energy Agency

Danish Hydraulic Institute

Data and Information Fund
dissolved inorganic nitrogen
dissolved inorganic phosphorus
Denmark

Danish Maritime Authority

Det Norske Veritas

dissolved oxygen

dynamically positioned
environmental and social
Environmental Assessment Criteria
Estonia

exclusive economic zone
environment, health and safety
environmental impact assessment
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EN endangered

ENTSOG European Network of Transmission System Operators for Gas
EQS environmental quality standard

ERL effect range low

ERP Emergency Preparedness and Response

ES environmental study

ESMS environmental and social management system
EU European Union

EUGAL European Gas Pipeline Link

FI Finland

F-N frequency-number

FOI Swedish Defence Research Agency

GDP gross domestic product

GE Germany

GES good environmental status

GHG greenhouse gas

GRP gross regional product

GRS gas receiving station

H gas high calorific gas

H,S hydrdogen sulphide

HAZID hazard identification

HCB hexachlorobenzene

HCH hexachlorocyclohexane

HELCOM Helsinki Convention

HSE health, safety and environment

HSES health, safety, environmental and social

HSES MS health, safety, environmental and social management system
HSS heat-shrink sleeve

IBA Important Bird and Biodiversity Area

ICES International Council for the Exploration of the Sea
IEA International Energy Agency

IfAQ Institut fir Angewandte Okologie

IFC International Finance Corporation

IMO International Maritime Organization

IUCN International Union for Conservation of Nature
KP kilometre point

L gas low calorific gas

LA Latvia

LC least concern

LFL lower flammability limit

LI Lithuania

LNG liquefied natural gas

LTC long-term contract

LTE land termination end

MARPOL International Convention for the Prevention of Pollution from Ships
MBI major Baltic inflow

MCC main control centre

MPC maximum permissible concentration
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MSFD EU Marine Strategy Framework Directive

MMO marine mammal observer

MSP EU Maritime Spatial Planning Directive

M-V Mecklenburg-Vorpommern

N nitrogen

NEXT Nord Stream extension

NGO non-governmental organisation

NIS non-indigenous species

nm nautical mile

NO, nitrogen dioxide

NOx nitrogen oxides

NSP Nord Stream Pipeline system

NSP2 Nord Stream 2 Pipeline system

NT near threatened

NTG North Transgas Oy

0, oxygen

OPAL Ostsee-Pipeline-Anbindungsleitung
Oslo-Paris Convention, Convention for the Protection of the Marine

OSPAR Environment of the North-East Atlantic

P phosphorus

PAC Project Affected Communities

PAH polycyclic aromatic hydrocarbon

PARLOC Pipeline and Riser Loss of Containment

Pb lead

PCB polychlorinated biphenyl

PDCA plan-do-check-act

PEC predicted environmental concentration

PID Project Information Document

PIG pipeline inspection gauge

PL Poland

PM particulate matter

PM2.5 particulate matter with diameter less than 2.5 microns

PNEC predicted no-effect concentration

POM particulate organic matter

PoO Party of Origin

PSSA Particularly Sensitive Sea Area

psu practical salinity units

PTA pig trap area

PTAG Pig Trap Area Germany

PTAR Pig Trap Area Russia

PTS permanent threshold shift

QRA quantitative risk assessment

ROV remotely operated vehicle

RU Russia

SAC Special Area of Conservation

SAMBAH Static Acoustic Monitoring of the Baltic Sea Harbour Porpoise

SCI Site of Community Interest

SE Sweden
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SECA Sulphur Emission Control Area

SO, sulphur dioxide

SOPEP Shipboard Oil Pollution Emergency Plan

SOx sulphur oxides

SPA Special Protection Area

SPL sound pressure level

SRB sulphate reducing bacteria

SSC suspended sediment concentration

SwAM Swedish Agency for Marine and Water Management
TANAP Trans-Anatolian Pipeline

TAP Trans-Adriatic Pipeline

TBT tributyltin

TSO transmission system operator

TSS Traffic Separation Scheme

TTS temporary threshold shift

T™W territorial waters

UCH underwater cultural heritage

UNCLOS United Nations Convention on the Law of the Sea
UNECE United Nations Economic Commission for Europe
UNESCO United Nations Educational, Scientific and Cultural Organization
UXo unexploded ordnance

VU vulnerable

WFD EU Water Framework Directive

Zn zinc
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Definitions List

Aarhus Convention

Affected Communities

Affected Party

anchor corridor

anchor corridor survey

ancillary components

anoxia
Appropriate Assessment

Area of Influence
as-built survey

cathodic protection

(sacrificial anodes)

chance find

chemical warfare agent
commissioning
construction support

survey

Contractor
core components

cultural heritage

decommissioning

descriptor
detailed
survey

ES route
EU Habitats Directive

geophysical

exclusion zone

exclusive economic zone

Espoo Report

Convention on Access to Information, Public Participation in Decision-Making
and Access to Justice in Environmental Matters.

Groups of people that may be directly or indirectly impacted (both negatively
and positively) by the project.

The contracting parties (countries) to the Espoo Convention likely to be
affected by the transboundary impact of a proposed activity.

Offshore corridor within which pipe-lay vessels would be deploying anchors.
Survey for sections where the pipeline may be installed by anchor lay vessel,
to ensure that there is a free corridor for anchoring the lay vessel.

Activities in third-party facilities which are used exclusively for NSP2 project
activities.

Condition of oxygen depletion in the sea.

Environmental assessment of impacts required under the Habitats Directive of
the European Commission. Appropriate assessment is required when a plan or
project is potentially affecting a Natura site.

Geographic area that is likely to be directly or indirectly affected by the project.
As-built surveys are conducted as a final record of pipeline installation after all
pipeline construction activities are completed and confirm that the pipelines
have been installed correctly as designed and to verify the as-laid position and
condition of the pipelines

Anti-corrosion protection provided by sacrificial anodes of a galvanic material
installed along the pipelines to ensure the integrity of the pipelines over their
operational lifetime.

Potential cultural heritage, biodiversity component, or munition object
encountered unexpectedly during project implementation.

Hazardous chemical substances contained in chemical munitions.

The filling of the pipelines with natural gas.

A full survey spread equipped with multibeam sounders, side-scan sonar, sub-
bottom profilers, pipe tracker, magnetometers and ROVs will be on standby
during construction to perform touch down monitoring and ad hoc survey
activities as required.

Any company providing services to Nord Stream 2 AG.

Facilities and activities that are under direct contractual control of the NSP2
project.

A unique and non-renewable resource that possesses cultural, scientific,
spiritual or religious value and includes moveable or immoveable objects, sites
structures, groups of structures, natural features, or landscapes that have
paleontological,
values, as well as unique natural environmental features that embody cultural

archaeological, historical, cultural, artistic, and religious

values.
Activities carried out when the pipeline is no longer in operation. The activities

take
environmental impacts.

into account long-term safety aspects and aim at minimizing the
A high level parameter characterizing the state of the marine environment
Survey of a 130 m wide corridor along each pipeline route utilising side-scan
sonar, sub-bottom profilers, swath bathymetry and magnetometer.

NSP2 route alternative that runs east of the existing NSP route.

Ensures the conservation of a wide range of rare, threatened or endemic
animal and plant species. The EU Habitats Directive also protects habitats.

Area surrounding a cultural heritage, biodiversity component, or munition
object within which no activities shall be performed and no equipment shall be
deployed.

An exclusive economic zone (EEZ) is a sea zone prescribed by the United
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footprint area
freespan

FS route
geotechnical survey

good environmental

status

halocline

HELCOM Marine Protected
Area

HSES

HSES Plan

hydrotesting

LIFE+
management standard

mattress

micro-tunnel

mitigation measure

munitions clearance

munitions screening

survey

Natura 2000

Nord Stream 2 AG

onshore surveys

Espoo Report

Nations Convention on the Law of the Sea over which a state has special rights
regarding the exploration and use of marine resources, including energy
production from water and wind.

The area occupied by the pipeline system, including support structures.

A section of the pipeline raised above the seabed due to an uneven seabed or
the pipeline span between rock berms made by rock dumping.

NSP2 route alternative that runs west of the existing NSP route.

Cone penometer and Vibrocorer methods that provide a detailed understanding
of the geological conditions and engineering soil strengths along the planned
route. The geotechnical survey assists in optimising the pipeline route and
detailed design including the required seabed intervention works to ensure
long-term integrity of the pipeline system.

The environmental status of marine waters where these provide ecologically
diverse and dynamic oceans and seas which are clean, healthy and productive
(Marine Strategy Framework Directive, Article 3).

Level of maximum vertical salinity gradient.

Valuable marine and coastal habitat in the Baltic Sea that has been designated
as protected.

Health, Safety, Environmental and Social. “Safety” incudes security aspects for
personnel, assets and project affected communities.

A written description of the system of HSES management for the contracted
work describing how the significant HSES risks associated with that work will
be controlled to an acceptable level and how, where appropriate, interface
topics shall be managed.

Hydrotesting involves a test where water is introduced into a pipeline and
pressurised to inspect for any leakages in the material assembly. With the help
of this test, pressure integrity, tightness, strength and any leakages are
checked.

EU funding instrument for environmental and climate related actions.

ISO management system standards provide a model to follow when setting up
and operating a management system. The benefits of an effective management
system include: more efficient use of resources; improved risk management,
and increased customer satisfaction as services and products consistently
deliver what they promise.

Rock material tied together by a steel grid laid on the seabed to raise the
pipeline above the seabed. Typically used at crossings of cables and other
pipelines.

Small diameter tunnels constructed at the German landfall crossing point. The
pipelines are installed in the tunnels.

Measures implemented to avoid, minimise or compensate for a social,
economic or environmental impact.

Removal of unexploded munitions found on the seabed in the construction
area.

Detailed gradiometer survey carried out to identify unexploded ordnance (UXO)
or chemical warfare munitions that could endanger the pipeline or personnel
during the installation and operating life of the pipeline system.

EU-wide network of nature protection areas established under the 1992
Habitats Directive.

Project company established for the planning, construction and subsequent
operation of the Nord Stream 2 Pipeline.

Topographic surveys at the two landfall locations of the pipeline system.
Activities included geotechnical investigations to determine soil conditions,
groundwater levels and soils permeability with the purpose of establishing
structures,

foundation requirements for civil dewatering requirements for

trenching activities, trench and micro-tunnel constructability and suitability of
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the soil for backfiling the trench. Geophysical investigations are also
undertaken to determine soil stratigraphy and the potential presence of UXOs
or cultural heritage objects.

Conventional construction method utilizing an open-cut trench.

The Contracting Party (country) or Parties (countries) to the Espoo Convention
under whose jurisdiction a proposed activity is envisaged to take place.

Pipeline Inspection Gauges are pressure driven through the pipeline to clean
and/or to investigate the condition of the pipeline.

Pig trap areas are permanent above ground facilities located at the upstream
and downstream limits of the NSP2 pipeline and used during the life of the
pipeline to perform intelligent pigging operations, monitoring and control
functions and certain maintenance operations.

Pigging in the context of pipelines refers to the practice of using devices known
as "pigs" to perform various maintenance operations. This is done without
stopping the flow of the product in the pipeline.

The activities associated with the installation of a pipeline on the seabed.

Width of the onshore area above each of the two pipelines within which there
may be some restrictions on land uses and land cover during operations.
Working corridor area within which construction of the on-shore open trench
sections of the two parallel pipelines will be undertaken.

The burying of a pipeline in a trench on the seabed after the pipeline has been
laid on the seabed.

Activities carried out before gas filling of the pipeline to confirm the pipeline
integrity.

Pre-lay trenching is performed by dredgers prior to pipeline installation and
backfilling of the trench. In the Espoo Report, the word dredging is
synonymous with “pre-lay trenching”.

All activities associated with the planning, construction, operation and
decommissioning of the Nord Stream 2 pipeline system.

The onshore area that may reasonably be expected to be physically touched by
project activities, across all phases. The project footprint includes land used on
a temporary basis such as construction lay down areas or construction haul
roads, and the pipeline RoW and pig trap areas.

The onshore, above-ground operational area for the project activities.

A level of maximum vertical density gradient, caused by vertical salinity
(halocline) and/or temperature (thermocline) gradients.

NSP2 direct route alternative that runs through an area where anchoring and
fishing are discouraged.

Convention on Wetlands of International Importance.

Survey providing information on the preliminary pipeline route, including
geological and anthropogenic features, the surveys typically cover a 1.5 km
wide corridor and are performed by various techniques including side-scan
sonar, sub-bottom profilers, swath bathymetry and magnetometers.

Use of unconsolidated rock fragments graded in size to locally reshape the
seabed, thereby providing support and cover for sections of the pipeline to
ensure its long-term integrity. The rock material is placed on the seabed by a
fall-pipe.

Remotely operated underwater vehicle which is tethered and operated by a
crew aboard a vessel.

An area surrounding a cultural heritage, biodiversity component, or munition
object within which no activities shall be performed and no equipment shall be
deployed.

Works aiming at ensuring the long-term pipeline integrity and including rock
placement and trenching

Preparatory works on the seabed before pipe-lay.
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Stakeholders are defined as persons, groups or communities external to the
core operations of the project who may be affected by the project or have
interest in it. This may include individuals, businesses, communities, local
government authorities, local nongovernmental and other institutions, and
other interested or affected parties.

Any company supplying goods or materials to Nord Stream 2 AG.

Territorial waters or a territorial sea as defined by the 1982 United Nations
Convention on the Law of the Sea, is a belt of coastal waters extending at most
12 nautical miles (22.2 km; 13.8 mi) from the baseline (usually the mean low-
water mark) of a coastal state.

Level of maximum vertical temperature gradient.

The connection of two pipeline sections. Tie-ins can be made on the seabed
(called hyperbaric weld tie-ins) or by lifting the pipeline sections to be
connected above water (called above water tie-ins).

Burial of the pipeline in the seabed.

Piling carried out by vibration, possibly in combination with ramming to limit
noise impacts.

Pipe joints coated with concrete to increase weight.
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NON-TECHNICAL SUMMARY

Overview

Nord Stream 2 is a project to build and operate a new twin pipeline through the Baltic Sea, which
will transport natural gas from the world’s largest reserves in Russia to the internal gas market in
the European Union (EU). The new pipeline will largely follow the route and technical approach of
the existing Nord Stream pipeline system, which became fully operational in 2012.

With the EU’s domestic gas production projected to fall 50 per cent over the next two decades,
the region needs to increase imports. The Nord Stream 2 pipeline system will have the capacity
to supply gas for up to 26 million households. By supplementing existing transportation routes, it
can contribute towards closing the EU’s import gap and help to reduce imminent risks to supply
security.

Countries which could be affected by the construction or operation of the Nord Stream 2 pipeline
system have the chance to find out more about the project and share their views, before
construction begins. Nord Stream 2 must assess the project’s likely environmental impacts and
consult with affected countries. This process is governed by the Espoo Convention - the
Convention on Environmental Impact Assessment in a Transboundary Context.

This document is the Non-Technical Summary of the Espoo Report which was prepared for the
non-specialist reader and summarises the approach and key findings of Nord Stream 2’'s
Environmental Impact Assessments (EIAs'), which are further summarised as follows:

e Nord Stream 2 has undertaken thorough seabed surveys to identify a safe and optimal
route through the Baltic Sea and alternate route options were compared in respect to
environmental, safety, socio-economic and technical criteria;

e Nord Stream 2 has adopted the highest international standards for the design and
construction of underwater pipelines. All design and construction works will be certified by
an independent certifying agency, DNV GL;

e Nord Stream 2 has prioritised the identification of, and committed to implement, a range
of measures - “inbuilt mitigation” - to avoid or minimise potential environmental impacts
that could arise. This front-loaded approach to mitigation represents industry best
practice and the EIAs reflect the situation with these measures in place;

e As a result of this approach, only a limited humber of environmental impacts will occur, a
majority of which will be negligible to minor due to their short-term duration and limited
spatial extent; and

e Nord Stream 2 follows in the footsteps of the successful construction and operation of the
existing Nord Stream pipeline system. Several years of environmental monitoring
demonstrate that this existing system has had no significant environmental impacts.

The expert team behind Nord Stream 2 is committed to building a safe and sustainable subsea
pipeline system that causes no significant or lasting impacts to the Baltic Sea, the onshore
environment or local communities. You can read more details about the project and the assessed
environmental impacts in the full Espoo Report, available via www.nord-stream2.com.

! The term “Environmental Impact Assessment (EIA)” has been used in this NTS to refer to the relevant environmental
studies that are being prepared by Nord Stream 2 AG. This includes EIAs, as required under the respective national
legislation, as well as the Environmental Study prepared for Sweden (due to there being no legal requirement for an EIA), to

evaluate the environmental impacts of the project components in each country where they are located.”
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The Nord Stream 2 Project

Nord Stream 2 is a planned natural gas pipeline system that will increase transportation capacity
into Europe to meet the region’s growing import needs. The twin pipelines will run from the Baltic
Coast in Russia, through the Baltic Sea, reaching landfall near Greifswald in Germany. Once the
gas enters the EU internal market, it can be transported onwards to wherever it is needed.

Nord Stream 2 builds on the successful construction and operation of the existing Nord Stream
pipeline system, which became fully operational in 2012 and has been recognised for its high
environmental and safety standards, green logistics and transparent public consultation process.

Figure 0-1 Once natural gas delivered by Nord Stream 2 reaches Germany, it can - in the future -
flow anywhere in the EU’s internal energy market.

Nord Stream 2 has spent several years conducting research and carrying out surveys around the
proposed pipeline route. These investigations range from technical and environmental studies to
examinations of social and socio-economic impacts at local, regional and international levels.
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Permitting, EIA and Espoo

Permitting: The Nord Stream 2 Project is subject to national legislation in each of the
countries whose Territorial Waters and/or Exclusive Economic Zones it crosses: Russia, Finland,
Sweden, Denmark, and Germany. According to the requirements of country-specific national
legislation, Nord Stream 2 submits its national permit applications and environmental impact
assessments/study materials to competent authorities. Necessary permits must be obtained
before construction can start in that jurisdiction. This process is known as “permitting”.

Environmental Impact Assessments (EIAs): Nord Stream 2 is preparing thorough national
Environmental Impact Assessments (EIAs) as part of the permitting process in each country
whose waters the pipeline route crosses, namely, Russia, Finland, Sweden, Denmark and
Germany. These national EIAs describe and evaluate the potential impacts originating in their
respective countries.

Espoo: Under the Convention on Environmental Impact Assessment in a Transboundary
Context (“Espoo Convention”), certain industrial projects that have potential impacts that cross
a national border, such as the Nord Stream 2 Pipeline project, need to take this assessment
process a step further and assess impacts of a transboundary nature. Therefore, the Espoo

Report addresses “transboundary impacts” that may originate in one country but affect another.

It also uses this analysis to evaluate the overall impact of the project in its entirety, across al

countries that may be affected by it. The Espoo Report thus helps decision-makers assess the
implication of the project’s likely environmental impacts and make an informed decision about
whether to permit the project to be built. Any interested party has the opportunity to read the
report and contribute to the project’s consultation process.

The Nord Stream 2 project comprises the construction and subsequent operation of a twin subsea
natural gas pipeline through the Baltic Sea. The pipeline route will stretch for some 1,200 km
from Russia’s Baltic coast in the Leningrad region, reaching landfall near Greifswald in Germany.
In addition to these two countries, the pipeline will pass through the jurisdictions of Finland,
Sweden and Denmark.

The Nord Stream 2 project includes:
e Offshore pipelines;
e Onshore facilities at the Russian landfall Narva Bay, including buried pipelines sections of
some 4 km and above ground facilities; and
e Onshore facilities at the German landfall Lubmin 2, including pipelines sections of some
0.4 km housed in twin micro tunnels, and above ground facilities.

During construction, Nord Stream 2 will make use of ancillary facilities that include:
e Coating plants in Kotka, Finland and Mukran, Germany; and
e Pipe storage yard at Karlshamn, Sweden; Kotka and Hanko, Finland; and Mukran,
Germany.

The Nord Stream 2 system will have the capacity to deliver 55 billion cubic metres (bcm) of
natural gas per year directly to the EU market in an environmentally safe and reliable way. This
will be sufficient to supply 26 million households. Each pipeline will have an internal diameter of
1,153 mm (48 inches) and will be constructed from approximately 100,000, 24-tonne concrete-
weight-coated steel pipes laid on the seabed. Pipe-laying will be carried out by specialised vessels
handling the entire welding, quality control and pipe-laying process. Both lines are scheduled to
be laid during 2018 and 2019, followed by testing of the system at the end of 2019, before gas
begins to flow.
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The availability of first-hand knowledge gained from the design, construction and operation of the
existing Nord Stream pipeline has benefited the design and planning of Nord Stream 2. The new
system will be independent from the existing pipeline, but they will run in parallel for a
substantial distance.

Why is Nord Stream 2 needed?

Natural gas is expected to remain an important energy source with projections of stable or
increasing demand in the coming decades. As countries seek to reduce their carbon emissions,
gas offers a lower carbon alternative to coal. It can also supplement renewable energy, while
renewables take on a growing share in the energy mix.

Domestic EU production of natural gas, however, is expected to fall by fifty per cent over the
next two decades. As a result, the EU will have to import additional volumes of gas to secure
supply from as early as 2020. Given the declining or insecure supply of gas via pipelines from
Norway, North Africa and the Caspian Region/Middle East, new import routes will be needed -
either as pipeline gas from Russia and/or as liquefied natural gas (LNG) from other holders of
large gas reserves.

2015 ' : 2035 0%

431 Bem 18U Do

Figure 0-2 EU faces an import gap as domestic production declines.

Without a new direct gas pipeline supply from Russia, the EU will have to compete with other
countries for LNG supplies, many of which, e.g. Asia, have been paying a premium for LNG over
EU gas prices. Other imminent risks to supply security also need to be mitigated by having
readily available back-up capacity.

Nord Stream 2 will provide a reliable and sustainable additional transportation route into the EU,
under sound environmental and economic conditions. By supplementing other existing and
planned import options, Nord Stream 2 can contribute towards closing the forecasted EU import
gap and help to reduce imminent risks to supply security.

The international Espoo process

The international consultation process is an essential phase in the development of the Nord
Stream 2 pipeline. National EIAs are being carried out in each of the five countries crossed by the
pipeline route, namely, Russia, Finland, Sweden (Environmental Study), Denmark and Germany.
Since Nord Stream 2 has the potential to cause transboundary environmental impacts, it is
additionally subject to a transboundary EIA (documented in an Espoo Report) in accordance with
the Espoo Convention.
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Nord Stream 2 will consult with nine countries
The Espoo Convention defines two important groups of consultees:

“Parties of Origin” are the five countries in which Nord Stream 2 will be located: Russia,
Finland, Sweden, Denmark and Germany; and

“Affected Parties” are the countries which may be affected by Nord Stream 2 in some way,
even if it is not located within their boundaries: Estonia, Latvia, Lithuania and Poland. For Nord
Stream 2, the five Parties of Origin are also considered Affected Parties. For example,
construction activities taking place in Russia may impact Finnish waters, meaning that Finland
would be an Affected Party.

To ensure that a description of Nord Stream 2 and its potential environmental impacts are communicated
clearly to all Affected Parties and stakeholders, the Espoo Report is written in English and is translated
into the nine languages of all Affected Parties.

FINLAND
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Figure 0-3 The proposed Nord Stream 2 pipeline route, Parties of Origin and Affected Parties.

Previous consultation about the Nord Stream 2 project
Based on the process laid out under the Espoo Convention, a number of consultation steps
relating to the Nord Stream 2 project have already been undertaken:

e November 2012 - Nord Stream (the predecessor company to Nord Stream 2) notified the
five Parties of Origin about the Nord Stream Extension (now known as Nord Stream 2)
and issued a draft Project Information Document.

e February 2013 - The Parties of Origin discussed the content of the Project Information
Document and the procedures for the project under the Espoo Convention.

e March 2013 - Following this and taking comments into account, Nord Stream submitted
the final Project Information Document to the Parties of Origin.

e April 2013 - The Parties of Origin submitted the Project Information Document to the
Affected Parties.
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Nord Stream 2 has subsequently engaged in active consultation on the final Project Information
Document within all Baltic Sea countries. This included numerous meetings with the relevant
authorities to ensure that the Espoo Report will address the issues that are important to them.
In total, Nord Stream 2 held over 200 meetings with authorities, non-governmental organisations
and other stakeholders, such as fishermen.

A list of the key comments received during the consultation process on the Project Information
Document, as well as a description of how Nord Stream 2 has addressed these comments, is
provided in the Espoo Report.

The process is ongoing and each Party of Origin will define the duration of the period within which
comments can be submitted. The Affected Parties are responsible for organising hearings,
meetings and other means of consultation on the Espoo Report in line with legal requirements.
Nord Stream 2 has committed to attend such hearings and meetings if requested by the relevant
authorities. The Parties of Origin will take the comments received during the consultation phase
into account when making a final decision on whether to grant approval for the project.

Public feedback
Through the Espoo process, all countries and individuals potentially affected by the Nord Stream 2
pipeline have the opportunity to learn about the project and share their feedback.

Detailed information about the project and the potential transboundary impacts can be found in the
Espoo Report. The Espoo Report is publicly available for anyone to read via

This document is the Non-Technical Summary of the Espoo Report. It was prepared for the non-specialist
reader to share the most significant findings from the main report.

Public feedback on the Nord Stream 2 project is welcome and it is a key element in the international

consultation process. All views should be shared with the respondent’s national authority. The national

permitting authorities consider all comments as they make their decision on granting a permit for the
project.

Alternatives to the Nord Stream 2 proposal
Several project routing, design and construction alternatives were evaluated during the planning

process to ensure that the preferred option would, where possible, minimise environmental and
socio-economic impacts, whilst maintaining international good practise in relation to health and
safety, satisfying design standards and construction requirements, and maintaining the integrity
and reliability of the system over its entire operational life. The selection of alternatives to
consider, and the subsequent identifiction of the preferred option, involved substantial research
and drew heavily upon the experience gained from the successful implementation of the existing
Nord Stream pipeline system.

The evaluation of each alternative was centred around three main criteria:

¢ Environmental - Planners worked to avoid, where possible, crossing areas designated as
“protected” or otherwise recognised as “environmentally sensitive” as important habitats
for animal and/or plant species. Project planners also sought to minimise intrusive
activities that have the potential to impact the natural environment.

e Socio-economic - Planners sought to minimise any restrictions on existing users, i.e.
the shipping or fishery industry, the military, tourism and recreation users etc., as well as
any interference with existing offshore installations, such as cables or wind turbines and
onshore land uses. Project planners also sought to avoid munitions (deployed during or
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after World Wars I and II) and cultural heritage sites, such as shipwrecks, wherever
possible.

e Technical - Planners considered how to reduce construction time via the minimisation of
potential disruptions of construction works, etc., while also minimising technical
complexity, costs, and resource needs.

On the basis of the experience of the existing Nord Stream pipeline system, and taking the three
main criteria described above into account, a thorough route corridor assessment was performed.
This identified a number of feasible route corridor and landfall options as a basis for further
planning, each of which were researched before selecting the preferred route.
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Figure 0-4 Nord Stream 2 route alternatives.
Russia

Environmental, social and technical constraints, notably the requirement to adhere to a minimum
safety distance from settlements, means it is not possible to follow the original Nord Stream
route in Russia. Narva Bay and Cape Kolganpya were therefore identified as alternatives.
Following environmental surveys and the assessment of the two routes, the Narva Bay option is
preferred, due to: shorter onshore and offshore routing, leading to lower impacts and shorter
construction timeframes; more favourable seabed conditions, meaning less dredging is required;
and lower risks of accidents. Final decision on approval of this route will be given by the Russian
Federation authorities based on a detailed analysis of environmental damage prepared for both
options and evaluation of the final outcome of the Russian environmental impact assessment
(EIA).

Finland

In Finnish waters there are two sections where the pipeline has two alternative routes. The
eastern section is located south of Porkkala and a second section is located in the western part of
the Finnish EEZ.
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Sweden and Denmark

Three route alternatives were identified through Swedish and Danish waters. The less favourable
options required more seabed intervention works, were located closer to Natura 2000 sites
and/or passed through the historical chemical munitions dumping sites, increasing risk of
environmental impact. The preferred route is located more than 10 kilometres from Natura 2000
sites and from the island of Bornholm. As this route runs parallel to the existing Nord Stream
pipelines, it also minimises restrictions on other marine uses.

Germany

The Pomeranian Bay was selected as the preferred landfall area on the German coast on the
basis of environmental, socio-economic and technical evaluations. Four landfall locations -
Lubmin West, Vierow, Mukran and Usedom - were evaluated. Usedom was discounted on the
basis that it is near important tourism and residential areas. The three remaining route
alternatives were assessed to: minimise offshore pipeline length, avoid environmentally sensitive
areas, and optimise technical conditions, which led to Mukran being discounted. Lubmin West is
the preferred option because it has a direct connection to the existing gas grid and the
environmental impact will be lower than Vierow.

The ‘zero alternative’

The ‘zero alternative’ is an evaluation of the situation in which Nord Stream 2 is not constructed.
This would of course mean that neither the negative or positive environmental or socio-economic
impacts that would arise from the implementation of Nord Stream 2 would be realised.

Although non-implementation of Nord Stream 2 would avoid the predominantly temporary, local
and minor environmental and socio-economic impacts, it would also mean other ways of meeting
Europe’s growing energy demand would be required.

Planning, construction and operation of Nord Stream 2

The key considerations during the planning phase

Many years of research and analysis go into the planning phase for Nord Stream 2, to establish
clear health and safety practices, understand the environmental context, and optimise the
technical design. In the planning of construction and technical design, Nord Stream 2 has
adopted industry best practice through its approach to limit environmental impact to a minimum
by building mitigation measures into the design of Nord Stream 2 from the outset.

Examples of in-built mitigation measures are:

e Technical solutions:
— Detailed route development and optimisation to reduce requirement for intervention
works on the seabed, e.g. rock berms;
— Use of a dynamically positioned lay barge in the heavily mined areas of the Gulf of
Finland to minimise impacts from munitions clearance;
— Controlled rock placement utilising a fall pipe and instrumented discharge head
located near the seabed to ensure precise placement of rock material.
e Marine fauna:
— Deployment of sonar locators to avoid fish and acoustic deterrent devices to drive
marine mammals, away prior to munition clearance;
— Construction activities, such as pipe-lay and rock placement, are not planned in
winter ice conditions to prevent impacts on seals during the breeding season.

e Ship traffic:

- Information on project vessels’ plans and schedules will be provided in notices to
Mariners.
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e Underwater cultural heritage:
- Implementing stringent measures to avoid impacts on cultural heritage during
construction. In general, a safety distance should be assigned to each cultural
heritage site.

Health, Safety, Environmental and Social Management System (HSES MS)

In the planning phase Nord Stream 2 has adopted a health, safety, environmental and social (HSES)
policy, implemented through a management system (HSES MS), which is aligned to international
standards. As part of the management system, Nord Stream 2 is developing environmental and social
management plans to ensure compliance with the HSES policy throughout construction and operation.

The HSES MS enables Nord Stream 2 to identify and systematically control all relevant HSES risks arising
during project planning and construction. It also covers the management of security where it may impact
the safety of personnel and project-affected communities, the integrity of project assets and the
reputation of Nord Stream 2. Once Nord Stream 2 is commissioned, the HSES MS will be adjusted to

manage HSES issues for the operational phase.

Environmental and Social Management Plan (ESMP)

Nord Stream 2 is also developing Environmental and Social Management Plans (ESMP) for construction
and operation of Nord Stream 2. The ESMPs contain the relevant, specific HSES commitments included in
the national EIAs as well as conditions included in the permits issued by each country. ESMPs will apply to
both Nord Stream 2’s own staff and its contractors, and Nord Stream 2 will ensure that contractors
adhere to the standards and requirements in the HSES MS and applicable ESMPs. HSES information will
be proactively communicated internally and externally.

Pipeline construction
Pipeline construction is governed by demanding international standards and certification

processes at every stage. This helps to ensure the cnstruction process is safe, precise and
protective of the environment.

0.6.2.1 Manufacturing, coating and storage

At steel mills in Germany and Russia, the 12.2-metre pipe sections are fabricated to a precise
specification, with a constant inner diameter of 1,153 millimetres and a wall thickness of up to 41
millimetres. From there, they are taken to specialised coating yards in Germany and Finland. The
pipes are coated internally to reduce friction and externally to provide corrosion protection. An
additional outer layer of concrete is applied to the pipes with a maximum thickness of 110
millimetres. This adds weight to the pipes to increase their stability on the seabed. Now weighing
up to 24-tonnes, the pipes are stored in storage yards in Germany, Sweden and Finland, ready to
be transported by special carrier ships to the pipe-lay vessel for immediate use.
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Figure 0-5 Pipe cross-section.

0.6.2.2 Munitions clearance
During the two World Wars, many thousands of mines were laid in the Baltic Sea. While many
have been cleared in the intervening years, Nord Stream 2 undertakes munitions surveys to
identify remaining mines or munitions on the seabed. Where possible, Nord Stream 2 will avoid
known munitions through localised re-routing, or relocate the munitions. Only where this is not
possible on safety or responsibility grounds, will detonation in situ be undertaken with
appropriate mitigation in place.

0.6.2.3 Rock placement
In some areas along the route, crushed rock will be strategically placed on the seabed to support
and stabilise the pipelines where needed e.g. where there is a free span? which needs support or
to provide a solid foundation for a pipeline or cable crossing. The rock material will be placed by a
fall-pipe, which improves accuracy. Rock placement activities will be carried out prior to and after

pipe-lay.

0.6.2.4 Dredging and backfilling
In the nearshore approaches to the Russian landfall and in German territorial waters, the
pipelines will be buried entirely in the seabed to ensure that waves and sand movements will not
affect their stability. This involves the excavation of a trench prior to pipe-lay, using dredgers of
various types. The excavated materials will be removed, stored temporarily and used for
backfilling where possible.

0.6.2.5 Pipe-lay
On the pipe-lay vessel, the pipes are welded together and the welded joints are automatically
100% inspected through an ultrasound scan. Finally, after protecting each weld, the pipeline is
fed out of the vessel onto a ramp structure called a “stinger”, which prevents overstressing of the

2 An area where the bathymetry is uneven, such that the pipelines would not be supported on the seabed.
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pipeline as it enters the water. The process is carefully managed to maintain 24 hour continuous
operation, so that pipe-laying vessels can lay up to three kilometres of pipeline per day.

-l The pipes are unipaded from the pipe
carrier vessels and stacked on each
side of the laybarge. Pipe deliveries
occur regularly to ensure that there is
abways an adequate linepipe buffer, on
board to maintain the 24-hour pipalay
schedule.

Uitrasonic rays

A The double-joint is moved to a non-de-

¥ structive testing station where every
millimetre of the weld undergoes auto-
matic ultrasonic testing (ALUT) to detect
any unacceptable flaws. If required, the

To prepare the pipes for welding, the
£ ends are bevelled to make them exactly

the right shape to be fitted together.
The inside of the pipe is then cleaned
using compressed air before it is
conveyed to the double-joint welding
station.

— Following AUT, the double-joint is

) moved ina ppe elevator to the central
assembly ling. There, the insides are
checked for debris and the double joint
is aligned with the main pipe string in

Lo

6

Here, 12-metre pipe joints are aligned
and welded together to create a
double-joint segment measuring 24
metres. These sections will later be
connected to the main pipe string.

The double-joint is now joined to the
end of the pipeline using a semi-auto-
matic welding process. Qualified weld-
ing inspectors oversee each of the steps
to ensure that welding is preformed In

accordance with Nord Stream 2 and
authority approved welding proce-

defect will be removed and the weld
rescanned to ensure it meets interma-

preparation for welding.

tional standards. dures
o —

-7 Following welding, the weld between ~ Once the weld is canfirmed acceptable,

/' the double-joint and the main pipeline 8 a corrosion resistans, heat-shrink sleeve
undergoes automatic ultrasanic testing is applied over the circumferential
(AUT), Any unacoeptable flaws will be girth weld, Then, polyurethane foam Is
removed, and the weld rescanned to poured into a former surrounding the
ensure it meets international standards, weld area. This foam hardens, provid-

ing further protection.
Figure 0-6 Constructing a subsea pipeline.

0.6.2.6 Post-lay trenching

To provide additional protection or stabilisation against waves and currents, the pipelines will, in
some areas along the route, be trenched into the seabed after they have been laid. Post-lay
trenching is carried out using a pipeline plough which is deployed onto the laid pipeline from a
vessel. The pipeline will be lifted into the plough and supported on rollers. A vessel will then pull
the plough along the seabed, laying the pipeline into the ploughed trench as it advances. To
minimise environmental impacts, the excavated material from the trench will be left on the
seabed next to the pipelines so that natural backfilling will occur over time as a result of sea
currents.
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0.6.2.7 Onshore construction

In Russia, the base case construction method for the 4 km pipeline onshore section is
conventional trenching methods utilising excavators. Side cranes will lower the welded pipeline
sections into the trenches which are then backfilled and the work areas will be reinstated. The
Nord Stream 2 pipelines will terminate at an above ground maintenance facility which will link
with upstream feeder lines and compressor facilities owned by a third party operator.

In Germany, the pipeline installation at the shore crossing will be undertaken through the
construction of twin micro tunnels which will house the onshore pipeline sections. The Nord
Stream 2 pipelines terminate at a maintenance facility which will link with downstream feeder
lines owned by a third party operator.

0.6.2.8 Pre-commissioning and commissioning

0.6.3

Once constructed, each pipeline on the seabed will be dry inside and filled with compressed air
for cleaning and gauging. Thereafter the pipelines will be filled with natural gas until the required
pipeline pressure to start normal operation is achieved.

Pipeline operation

During normal operation, pressurized natural gas will be continuously introduced at Narva Bay,
Russia and taken out at an equal rate at Lubmin, Germany. Monitoring and maintenance are
undertaken to ensure the pipeline operate safely.

0.6.3.1 Monitoring of gas flow

Pressure and gas flow are remotely monitored 24 hours a day, and the intake and extraction
volumes are balanced as needed to ensure that maximum pressure is never exceeded.
Specialists are always on hand to take direct control to ensure safety in an emergency. The entire
operational procedure is certified by the independent certification agency, DNV GL.

Figure 0-7 The Nord Stream Control Centre manages the daily operations of the existing Nord
Stream pipeline.

0.6.3.2 Maintenance

0.7

Maintenance and inspection are performed regularly throughout the operational life of the
pipelines. In addition, routine surveys of the exterior of the pipelines, their support structures,
and the seabed corridor, are carried out using a remotely operated vehicle and towed sensors.
Based on the outcome of these surveys, any necessary actions are assessed.

Methodology for the impact assessment

While the Espoo impact assessment took account of the EIAs undertaken for each country
through which the pipelines pass, it has focused on providing an overarching assessment of Nord
Stream 2. This approach ensures that an assessment of in-combination impacts on each
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receptor group has been undertaken, including interactions between impacts arising in different
national jurisdictions.

The assessment has drawn from a substantial body of empirical data generated by the
monitoring programme of Nord Stream, undertaken during both its construction and operation.
Targeted predictive modelling has also been undertaken in order to determine the areas which
will be influenced by certain Nord Stream 2 activities (i.e. sediment spread and noise
propagation).

As part of the assessment, possible cumulative and transboundary impacts have also been

considered, and are described in the relevant sections below.

Project Activities and
Sources of Impact
{plannad and
unplanned)

Mature of the impact
{negative [ positive,
direct / indirect)

¥
Impact Magnitude of
the Imgpact
[spatial extent,

duration,
reversibility etc.)

Impact ranking
(negligible, minor,
moderate, major)

Determination of Significance

Initially, the project activities which had the
potential to impact environmental (physical-chemical
or biological) or socio-economic resource/
receptors were identified.

The nature and magnitude of the impact (i.e. the
type and scale of the change) was then determined
based on spatial extent, intensity, duration, level of
damage and reversibility of the impact, as well as
the number or proportion of receptors affected.

The sensitivity of a resource or receptor to a
particular impact was determined based on a
combination of  receptor importance (e.g.
conservation status, or cultural/economic
importance) and receptor resilience (the degree to
which it can withstand an activity without a change
to its status).

Based on this, the overall impact ranking was
determined, and expressed as a qualitative ranking
of negligible, minor, moderate or major. This took
the implementation of inbuilt mitigation measures
(envisaged in order to avoid and reduce significant
adverse impacts) into account.

Impacts were determined as either potentially
‘Significant’ or ‘Not Significant’, to enable these
evaluaitions to be taken into account as appropriate
by the relevant decision making authority when
determining whether to grant consent.

Figure 0-8 Process for identifying and assessing potential environmental impacts from planned

activities.

Results of the impact assessment
The following section includes a summary of the most noteworthy conclusions of the impact
assessment on the physical-chemical, biological and socio-economic environments.

Under each of these environments it considers receptors in marine areas, through which the
offshore pipelines will pass, as well as those in the vicinity of onshore landfalls at Narva Bay
(Russia) and Lubmin 2 (Germany). As impacts associated with ancillary activities largely relate to
noise and air emissions, employment and transportation, impact at these sites are only
considered with respect to the physical- chemical and social environments.
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Overall, only a limited number of environmental impacts will occur, and of these, the majority will
be negligible to minor (and therefore not significant) often due to their short-term duration and
limited spatial extent.

Impacts on the physical-chemical environment

The physical and chemical environment defines the conditions for the biological and the socio-
economic environment and therefore is both a receptor in itself, and, more importantly, a carrier
of the impacts from Nord Stream 2 activities to the biological and socio-economic receptors.

Marine areas
The marine physical-chemical environment has been considered in terms of: marine geology,
bathymetry and sediments; hydrography and seawater quality; and climate and air quality.

Marine geology, bathymetry and sediments

During construction, potential impacts on marine geology, bathymetry and sediments comprise:
alterations to the seabed profile and the composition of surface sediments. Impacts will be
greatest in areas where dredging or munitions clearance are proposed (Russia, Germany and
Finland). However, in all areas, receptors will be restored back to pre-impact status either
through human intervention or naturally over time (due to natural sediment transport
processes). The majority of impacts have therefore been assessed to be negligible, with peaks
of minor impacts predicted in Germany, Finland and Russia.

During operation, potential impacts comprise the introduction of a new hard surface on the
seabed, alteration to seabed profile and change in temperature of the sediment. Impacts will be
localised to the immediate vicinity of the pipelines and will generally be within natural variation.
The majority of impacts have therefore been assessed to be negligible, with peaks of minor
impacts predicted in Finland and Germany.

Hydrography and seawater quality

During construction, potential impacts on hydrography and seawater quality comprise: an
increase in suspended sediment in the water column (reduced transparency of the water); and an
increase in contaminants and/or nutrients in the water column. Impacts will be greatest in areas
where dredging, munitions clearance or post-lay trenching are proposed (all countries). However,
receptors will revert back to pre-impact status and therefore, impacts have been assessed to
range between negligible to minor.

During operation, potential impacts comprise changes to the current patterns and inflows;
change in temperate of the water column and increase in contaminants in the water column from
anodes. Impacts will be greatest in areas where the pipelines are laid directly on the seabed,
without trenching or rock placement. Regardless, all impacts have been assessed to be
negligible, with the exception of a minor impact in Finland and Germany.

Climate and air quality

During construction and operation, potential impacts on climate and air quality comprise: an
increase in greenhouse gases (e.g. CO,) and reduction in local air quality. Although Nord Stream
2 contributions will be detectable above natural variation in close proximity to the activities,
quantities are small compared to annual emissions from normal shipping in the Baltic Sea and
will not have a quantifiable impact on global climate or local air quality. Impacts have therefore
been assessed to be negligible, with the exception of a minor impact in Germany.

0.8.1.2 Onshore areas

The onshore physical-chemical environment has been considered in terms of: geomorphology
and topography; freshwater hydrology; and climate and air quality.
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Narva Bay Landfall

A trench at Narva Bay will cause temporary impacts, though the trenched area will be gradually
backfilled and the working area will be levelled to the original topography and revegetated after
the installation of the pipelines. For the area where the construction will take place through a
relict dune (2.5 ha), a special restoration plan to mitigate impacts is being development.Impacts
have been assessed to range from minor (for modified habitat) to moderate (for the primary
forest and the relict dune).

Nord Stream 2 will require vegetation clearance, removal of the top layer of soil, ground-levelling
and excavation of the trench. These activities have the potential to interfere with the local
drainage patterns and hence the local hydrology. However, the soil to be used for trench
backfilling will have the same filtration properties as underlying soils to ensure the adequate
water drainage. There is also the potential for the release of surface water run-off to impact the
quality of surface water bodies. However, a Water Management Plan will be implemented and
the drainage systems will be designed to ensure that surface water discharges are maintained at
greenfield run-off rates, resulting in impacts which have been assessed to be negligible.

Although Nord Stream 2 contributions increase in greenhouse gases (e.g. CO,) and air pollutants
(e.g. SO, and NO,) will be detectable above natural variation in close proximity to the activities,
quantities will not have a quantifiable impact on global climate or local air quality. Impacts have
therefore been assessed to be negligible.

Lubmin 2 Landfall

Due to the construction of a micro tunnel, the coastal section at Lubmin 2 will not be impacted by
Nord Stream 2. However, due to the construction of the PTA, small sections of the forest will
need to be cleared (approximately 190 x 190 m) and some areas of soil excavated. This will lead
to a loss of trees and thus to a degradation of the landscape, as loss of naturally occurring dune
relief (geomorphological specialty). Impacts have been assessed to be minor.

The micro tunnel will be approximately 10 m deep, which is below ground water level. As a
result, the ground water level will be drawn down to 0.5 m below the floor of the pit, in order to
keep the pit water-free during the tunnel construction (for approximately 9 months). However,
the groundwater level will revert to pre-impact status shortly after ending the construction works.
Impacts have therefore been assessed to be minor.

Similar to at Narva Bay, Nord Stream 2 emissions during construction or operation will not have a
quantifiable impact on global climate or local air quality. Impacts have therefore been assessed
to be minor.

Ancillary Sites

At onshore ancillary areas (Kotka and Hanko, Finland; Karlshamn, Sweden; Mukran, Germany),
used for pipe coating and storage and rock storage, emissions from Nord Stream 2 will be
detectable above natural variation in close proximity to the activities, particularly in Finland and
Germany. However, quantities will not have a quantifiable impact on global climate or local air
quality. Impacts have therefore been assessed to be negligible to minor.
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Impacts on the biological environment

0.8.2.1 Marine areas

The marine biological environment has been considered in terms of both species, notably
plankton, seabed dwelling organisms (benthic flora and fauna), fish, marine mammals, birds; and
areas designated for their conservation value.

The marine biology of the Baltic Sea is strongly influenced by its abiotic conditions, notably
salinity temperature and oxygen, as well as available light. In general, the biodiversity is lower in
open water and low salinity areas (such as the Bornholm Basin and inner Gulf of Finland)
compared to coastal or sheltered areas (such as at the Pomeranian Bay and Greifswader Bodden)
or other shallow waters (such as Hoburgs and Misdjo Banks). Along sections of the Nord Stream
2 route, less favourable abiotic conditions (e.g. low oxygen conditions at depth), reduce the
natural biodiversity. Based on the assessments of impacts at species and habitat level, provided
below, it has been evaluated that any in-combination impacts on marine biodiversity or
ecosystem functioning that may arise from them, will not be significant.

Plankton

Although phytoplankton performs an important function as the basis of the marine food chain
negligible impacts are generally predicted. This result from its fast regeneration time and that,
due to its light dependence, it only occurs in the upper water levels which in general will not be
affected by project activities. The exception is near the Russian landfall where dredging may
result in a minor impact. Similarly negligible impacts on zooplankton, resulting from reduced
food availability (due to limited impact on phytoplankton, their food source) are anticipated.

Benthic flora and fauna (Benthos)

Benthic flora provide habitat for many invertebrate and fish species, while benthic fauna
constitute a central link between plankton and higher levels in the food chain. Along the pipeline
route, benthic flora are largely confined to German waters while benthic fauna are largely absent
from deeper waters. Several species of benthic fauna are included on the HELCOM and German
Red lists, of which two in the latter category are classified as endangered.

The disturbance of the seabed, due to munitions clearance and seabed intervention works, may
damage or destroy benthos and their habitats. The resulting suspension and resettlement of
sediment could smother benthos as well as limit the growth of both benthic flora, through
restricting light availability, and benthic fauna through reducing their food availability and
clogging their respiratory apparatus. For benthic flora, the impact ranking in the Pomeranian Bay
and Greifswader Bodden, where most flora occur, is minor but elsewhere along the route, due to
their limited occurrence, is at most negligible. For benthic fauna, the impact ranking due to such
suspension and resettlement of sediment is minor near the landfalls in Germany and Russia and
negligible elsewhere.

The presence of the twin pipelines will introduce a new hard substrate (artificial reef) for benthic
flora and certain epifaunal (non-burrowing) benthic species, and thus may result in a degree of
positive impact for these species. It will, however, result in a loss of habitat for infauna
(burrowing) benthic species which could result in a moderate impact in German waters due to
the presence of faunal burrowing species of high conservation importance.

Fish

Owing to its brackish conditions, the Baltic Sea fish diversity is low but it nonetheless supports a
number of species of both commercial and conservation interest, including several on the
HELCOM Red List.

The demersal (seabed) spawning areas in Greifwsalder Bodden and coastal areas close Narva Bay
may experience minor impacts from damage to habitats from seabed works and introduction of
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the new pipeline, and more notably from smothering of larvae and eggs from sedimentation,
although elsewhere along the route such impacts will be negligible. As the concentrations of
suspended sediment will be insufficient to clog gills of adult fish or affect viability of pelagic fish
eggs (those in the water column rather than on the seabed) the ranking of such impacts is for
most locations negligible. The exception is within the Pomeranian Bay and Greifswader Bodden
and Narva Baay, where the proximity of pelagic spawning areas to the dredging sites could result
in @ minor impact ranking.

Underwater noise generation associated with munitions clearance may result in a degree of injury
to fish in Russian and Finnish waters with a consequent negligible to minor ranking. Owing to
the lower noise levels generated by other activities, notably rock placement, impacts elsewhere
offshore will generally be negligible. Disturbance from vessel movement will typically result in
short term avoidance behaviour and the impact will therefore generally be negligible.

The creation of an artificial reef and consequent colonisation for benthic communities (described
above) could with time create habitat for pelagic fish species potentially resulting in a degree of
positive impact

Marine mammals

Four marine mammals are resident in the Baltic Sea: Harbour porpoise, grey seal, ringed seal
and harbour seal. Of these, harbour seal and harbour porpoise warrant particular attention, as
reflected in their inclusion in various Red Lists of threatened species and the EU Habitats
Directive. The Gulf of Finland population of ringed seal also requires particular consideration as
its abundance is very low making it vulnerable to impact. Other populations of ringed seals and
grey seals are more abundant, making them less vulnerable.

Increased levels of suspended sediment, and hence turbidity resulting from munition clearance
and seabed interventions may result in a degree of visual impairment in mammals. This is not,
however, considered of key concern as harbour porpoise primarily use echolocation for
orientation and prey location and seals are often found in dark water, where prey congregate.
Although some short term avoidance behaviour may result, this will be similar to that occurring
during a storm event. Its short duration will be insufficient to affect the reproductive success and
functioning of the species and the impacts are therefore minor close to the landfalls due to
dredging, and negligible in offshore areas.

The generation of underwater noise, notably from munitions clearance which will be limited to the
Gulf of Finland i.e. Finnish and Russian waters, will be by far the largest generator of underwater
noise during construction. This can impact on mammals through blast injury, onset of permanent
or temporary hearing loss, masking of sound, avoidance and other behavioural responses. The
degree of impact will depend on location due to both: the variations in the number of munitions
detonated in each area; and the species (and specific populations) of mammals present, and
their abundance.

For munitions clearance, the use of seal scarers prior to detonation will drive seals and harbour
porpoises away from the detonation zone, substantially reducing the risk of lethal injuries for all
mammal species, while those associated with onset of hearing loss and non-fatal blast injuries
are as outlined below:

e Harbour seal — No impacts are predicted since this species is only present in areas too
far from the pipeline too be affected by it.

e Harbour porpoise — The Gulf of Finland where munitions clearance will take place has very
low densities of harbour porpoises. Any impact resulting from onset of permanent hearing
loss or blast injury will affect insufficient numbers to influence species viability or
functioning. Hence the impact will be minor.
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e Grey seal - Although present throughout the Gulf of Finland, due its good environmental
status and abundance, impacts are unlikely to affect the long term functioning of this
population. In general, unless detonation of a large munition is required, areas where
blast injury may be experienced will not extend into grey seal sanctuaries, colonies or
sites protected for such species, around which their numbers will be highest. Impacts are
therefore considered to be minor (except for the Kallbddan Natura 2000 area, see
“Designated Sites” below).

e Ringed seal -The low abundance of the Inner Gulf of Finland Ringed seal populations
makes this population of ringed seal particularly vulnerable to any impact that may occur,
as it could affect a relatively large proportion of the small population resulting in a
moderate impact from onset of permanent hearing loss or blast injury. This would,
however, be restricted to the eastern part of the Gulf of Finland, where this population
occurs. The Gulf of Riga and Archipelago Sea population of ringed seal, which is present in
the western part of the Gulf of Finland, have higher abundance, so impacts associated
with onset of permanent hearing loss and blast injury are ranked as minor for this
population.

Impacts associated with onset of temporary hearing loss, masking, avoidance and other
behavioural responses from munitions clearance are assessed as minor for all mammal species.

Rock placement may result in a degree avoidance and by masking of hearing of mammals.
However the very short duration of each rock placement activity is insufficient to affect species
functioning resulting in an at most minor impact ranking

Birds

Near the Russian landfall, the islands, reefs and surrounding water provide valuable habitats for
breeding and migratory birds, recognised through their inlcusdion within a Ramsar site. In
German shallow waters the Pomeranian Bay and Griefswadder Bodden are both designated as
Specially Protected Areas (SPA) and Important Bird and Biodiversity Areas (IBA). Both are
important as a wintering and staging areas while the latter provides valuable benthic feeding
areas for seabirds in the section crossed by the pipeline

Offshore, shallow waters, notably Hoburgs Bank and Midsjé Banks in Sweden (also IBAs) are
important wintering areas and stop off points for migratory birds. Only a few bird species forage
in the more open and deeper waters where the majority of the pipeline will be located

Increased levels of suspended sediment from munition clearance and seabed intervention works
may affect feeding efficiency of birds that rely on fish and benthos, due to deceased visibility and
avoidance of the areas by such prey. Due to the limited spatial and temporal extent of such
events the impacts are assessed to be negligible in offshore areas where there are few birds,
and minor in nearshore areas, including those designated for birds, where they are present in
greater concentrations.

Underwater, the generation of noise from munitions clearance may affect diving seabirds. Based
on the numbers potentially affected, impact rankings are negligible in offshore areas and minor
in the Gulf of Finland. Above water, seabirds may be displaced temporarily from their territories,
due to vessel disturbance. Depending on the location and hence species present, the impact
ranking ranges from minor, close to the landfalls, to negligible in the shallow areas in Swedish
waters.

Designated sites

Impacts to nature conservation areas in the vicinity of the pipelines’ route may occur if the
protected habitats and/or species, which are the qualifying interest of the designation, are
affected. The pipeline crosses five Natura 2000 sites, four IBAs and several protected areas,
although many of these designations overlap.
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The potential for a moderate impact ranking, due to the onset of permanent hearing loss of grey
seals, a designated species at the Kallbadan Islets and Waters Natura 2000 site (Finland) which
includes the Kallbddan seal sanctuary, cannot currently be ruled out. Further analysis, including
assessment, as required by the EU Habitats Directive, will be undertaken based on more accurate
data on munitions locations and characteristics, to determine if this precautionary ranking can be
reduced. A further five Natura 2000 sites/protected areas (four in Finland and one in Estonia)
with seals as a conservation objective, may experience minor impacts due to the potential for
onset of temporary hearing loss.

0.8.2.2 Onshore areas

0.8.3

The terrestrial environment in the vicinity of the landfall areas have been considered in terms of
flora and fauna (mammals, birds, amphibians, reptiles, invertebrates), as well as
biotopes/habitats.

Narva Bay landfall
The Narva Bay landfall is within an area that exhibits a high species diversity of flora and fauna.

Vegetation clearance, soil removal and earthworks notably that required constructing the
pipelines will affect a spectrum of habitat types resulting in impacts rankings ranging from
negligible to moderate on flora and habitats. The moderate impacts are associated with loss and
fragmentation of old growth forest, with complex moss flora, and relict dune—For old growth
forest some loss will be permanent with reestablishment in other areas occurring over a long
time.

The forest areas and coastal and relict dunes also provide secure habitats for fauna. The loss of
the supporting habitat combined with the loss of connectivity for some species beyond the area
impacted result in a moderate impact ranking for fauna. Effects, associated with habitat
fragmentation and loss of connectivity, will diminish as trees establish and canopy cover
increase.

Other impacts relate to soil compaction, alteration to hydrological regime, emission to air,
operational noise and light generation but due to their short term and reversible nature and
limited spatial extent will have negligible to minor rankings. For species particularly sensitive to
noise, impacts may reach moderate ranking during construction activities.

The project will require temporary construction activities within the Kurgalsky Nature Reserve
and result in some long term changes to habitats. However, due to the small areas affected and
the fact that the most valuable habitats will not be impacted and the overall integrity and
functioning of the reserve will not be affected, the impact ranking on the protected area is
evaluated as minor.

Lubmin 2 landfall

As the onshore section of pipeline will all be micro-tunnelled and the construction and operational
areas accommodated within land zoned for industrial development the potential for impacts on
flora or fauna at this site are negligible to moderate with the higher ranking relating to impacts
at a very local scale.

Impacts on the socio-economic environment

0.8.3.1 Marine areas

Socio-economic receptors in marine area have been considered in terms of: People (recreational
water users); commercial and other uses of marine areas, and underwater cultural heritage.

Espoo Report W-PE-EIA-POF-REP-805-040100EN



Page 20 of 642

People
The offshore nature of the majority of the construction activities and the short term nature of any
nearshore activities results in a negligible impact on recreational water users.

Commercial fisheries
The presence of the pipeline structures on the seabed during operation, which can result in a loss
of fishing habitat, reduction in catch, or loss or obstruction of fishing gear, is ranked as minor ()
on a project-wide basis.

Marine traffic
Due to the short term duration of safety zones around construction vessels in any location and
their limited spatial extent, impacts are ranked as at most minor.

Other uses of the marine environment

In addition to a range of other activities and uses of the marine environment occur in the Baltic
Sea including windfarms sites (existing or proposed) military practice areas, raw material
extraction sites or existing or planned cables or pipelines. Due to the ability to either avoid such
sites, or agree measures to safeguard them with the relevant owners or operators, any impact
will be negligible

Monitoring stations in Estonia, near the Narva Bay landfall could, under rough weather
conditions, experience increases in suspended sediment levels for very short periods, but any
interruption of the monitoring datasets can similarly be managed through coordination with the
relevant authorities, so that potential impacts will also have aa negligible ranking.

Cultural Heritage
Underwater cultural heritage along the pipeline route largely comprises wrecks and their cargo.
The presence of prehistoric features is highly unlikely due to environmental conditions.

Several possible cultural heritage objects detected within the vicinity of the pipeline route will be
subject to visual survey and discussion with the relevant authorities to agree specific
management measures. These may typically include local pipeline realignment, controlled lay or
recovery. A chance finds procedure, also agreed with the authorities, will be applied in the event
that previously unknown features are uncovered during construction. Such measures will ensure
that any impact on cultural heritage is generally negligible, but may for specific features are
minor if for example their removal is required, or alterations of their setting occur. The provision
of survey data to relevant institutes will, however, result in a degree of positive impact on
availability of research resources.

0.8.3.2 Onshore Areas
Socio-economic receptors in onshore areas have been considered in terms of: People (residents
and visitors); economic resources and uses of land, and cultural heritage.

Narva Bay

The distance of local communities or businesses from construction activities (taking place both on
and offshore) limits the potential for impacts from noise, air emissions and visual intrusion which
are thus generally negligible, but may be minor at the closest residential properties. As only a
small part of the Kurgalsky Reserve will be affected, impacts on both local users of, and visitors
to, this area will also be negligible. A negligible impact may also result due to restricted access
to, or diversion of, an access road within the reserve leading to several villages and a military
barracks. Roadside communities may, however, experience minor impacts due to the potential
for congestion and risk of accidents associated with construction traffic.

Two Neolithic sites have been identified in the landfall area but these and any as yet
undiscovered remains will be safeguarded through measures set out in the chance finds
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procedure resulting in a minor ranking. Employment generation may bring some positive
impacts locally and more broadly in the region.

Lubmin 2

The onshore section of pipeline will be micro-tunnelled and construction and operational areas
accommodated within land zoned for industrial development and surrounded by forests, which
screen it from settlements and recreational users of the beach and forests. No traffic related
impacts are anticipated due to the site’s locally adjacent main road. Impacts from onshore
activities are thus negligible. Communities and beach users could, however, be subject to very
short term noise and visual disturbance from nearshore activities associated with dredging and
micro-tunnelling, resulting in a minor impact. Employment generation may bring some positive
impacts.

Ancillary Sites

At onshore ancillary areas (Kotka and Hanko, Finland; Karlshamn, Sweden; Mukran Germany),
used for pipe coating and storage and rock storage , employment generation will results in a
degree of positive impact. The location of such sites within existing industrial areas limits
negative impact on local communities, although transport of rock from sites of potential quarries
to the Mussalo harbour at Kotka could result in a degree of disruption and risks to safety of
people resulting in a minor to moderate impact ranking.

Monitoring of possible impacts during construction and operation

Extensive environmental monitoring will take place during the Nord Stream 2 construction and
operational phase in every country through which the pipeline passes. The purpose of
environmental monitoring is to verify the assessments presented in the national EIAs and Espoo
Report. Environmental monitoring will focus on areas where greater impacts are expected, or
where there is uncertainty about possible impacts. Monitoring programmes are currently being
developed based on the EIAs and the results and conclusions of the previous Nord Stream
monitoring programme. The permit conditions and reporting requirements set by each national
authority will also influence the design of the monitoring programme. Once the permit conditions
and monitoring requirements by the authorities are set, and prior to the start of construction,
Nord Stream 2 will finalize the monitoring programmes. As part of Nord Stream 2’s commitment
to open and transparent communication, all results of environmental monitoring will be made
publicly available.

Marine spatial planning

In addition to assessing potential environmental impacts, the Espoo Report also consider how
Nord Stream 2 will comply with relevant EU legislation and programmes desighed to protect the
Baltic Sea environment and promote its sustainable use. This includes the Marine Strategy
Framework Directive (MSFD), Water Framework Directive (WFD) and Baltic Sea Action Plan
(BSAP), which together aim to improve the quality of European waters and create a common
framework for marine spatial planning.

The assessment has concluded that Nord Stream 2 will not prevent achievement of the long-term
goals, or be contrary to the objectives and initiatives set out in the MSFD, WFD and/or BSAP.

Decommissioning

Nord Stream 2 will need to be decommissioned, or taken out of service, at the end of its
operating life. The decommissioning programme will be developed during the pipeline’s
operational phase to ensure that it can take into account any new or updated legislation and
guidance, good international industry practice as well as improved technical knowledge.

Since it is currently uncertain which decommissioning method will be used for Nord Stream 2, it

has not been possible to undertake a detailed impact assessment for the decommissioning phase.
However, consideration has been given to potential options and the associated potential impacts
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within the Espoo Report. Current industry best practice guidelines for similar infrastructure
indicate that leaving the pipelines on the seabed (in situ) would be the preferred option, with
potential impacts likely to be similar to those predicted for the operational phase of Nord Stream
2. One alternative would be for the pipelines to be removed by a reverse pipe-lay process,
divided into sections and then disposed of onshore. Impacts of this option would be similar, or
greater, than those predicted for the construction phase of Nord Stream 2.

Ultimately, the same criteria that guided planning and construction of Nord Stream 2, including
environmental, socio-economic, technical and safety considerations will guide the identification of
the preferred decommissioning method. Regardless of the method chosen, Nord Stream 2 will
comply with all applicable legal requirements for decommissioning at that time.

Risks from unplanned events

Comprehensive risk assessments are standard practice in the offshore pipeline industry to
understand, mitigate or prepare for possible risks. Nord Stream 2 is committed to being an
industry leader in this realm. Drawing from international agreements, industry guidelines and
years of experience within the field, including the existing Nord Stream project, Nord Stream 2
has undertaken and will continue to undertake (as appropriate) thorough risk assessments that
span the construction and operational phases of Nord Stream 2.

As part of this process, Nord Stream 2 has assessed risks to both the environment (e.g. oil spills,
interaction with non-mapped munitions and gas release) and to personnel. Measures to reduce or
avoid any unacceptable risks have been explored and incorporated (e.g. implementation of a
safety zone around vessels and careful route planning). Based on the comprehensive risk
assessments, all risks associated with Nord Stream 2 construction and operation have been found
to be acceptable.

To prevent or mitigate potential impacts from accidents and unplanned events during
construction and operation, Nord Stream 2 has developed a mitigation strategy which ensures
compliance with international requirements and follows best practise. Furthermore, a chance
finds procedure will be prepared by Nord Stream 2 to set out a protocol should an unexpected
risk or impacts arise during the construction phase (e.g. identification of un-mapped munition).
Nord Stream 2 will additionally develop and implement an emergency response plan for the
operational phase of Nord Stream 2. Nord Stream 2 will only undertake activities for which the
associated risk is assessed as acceptable.

Cumulative impacts

The Espoo Report also considers the potential for impacts arising from Nord Stream 2 to interact
with impacts from other reasonably foreseeable planned projects (‘cumulative impacts’). Impacts
from these projects may not be significant when considered alone, but may have the potential to
cause significant cumulative impact when the projects are considered together.

Based on the cumulative impact assessments undertaken within the national EIAs, projects were
screened to identify planned projects which, in combination with Nord Stream 2, had the
potential to cause significant cumulative impacts. Projects considered included: upstream
facilities and Ust Luga Port developments, Baltic Connector pipeline, 50hertz cables, offshore
wind farm projects, raw material extraction areas and downstream facilities. The potential for
cumulative impacts from these projects in combination with Nord Stream 2 were then assessed.
In response to a request during the Espoo consultation process, consideration was also given to
the potential for cumulative impacts as a result of existing projects i.e. the existing Nord Stream
pipeline system, in combination with Nord Stream 2.

The assessment concludes that there will be no significant cumulative impacts as a result of
planned or existing projects in combination with Nord Stream 2.
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Potential transboundary impacts

Transboundary impacts have been considered at two levels i.e. where the impacts may be
primarily experienced at country level and where the impacts are primarily experienced at a
regional or global scale.

The assessment at a regional and global scale considered:

e Climate - primarily greenhouse gas emissions;

e Hydrography - since changes on major Baltic inflows may affect conditions across
the Baltic Sea as a whole;

e Shipping and Ship Traffic — due to the global importance of the Baltic Sea for cargo
transportation;

e Commercial Fisheries - due to the regional importance of the Baltic Sea for
commercial fishing operations;

e Existing and Planned Infrastructure — due to the transnational interconnection of Baltic
Sea countries through communications and power cables;

e Biodiversity - given that the biodiversity of the Baltic Sea is influenced by regional
pressures and is of regional and global importance;

e Marine Spatial Planning - given that the Maritime Spatial Planning Directive (and
related EU Directives) require countries to cooperate at a regional scale to protect and
create a framework for the sustainable use of marine waters in the Baltic Sea;

e Natura 2000 sites - since such sites together function as coherent network which
spans several countries.

This assessment demonstrated that Nord Stream 2 will not lead to any significant transboundary
impacts on a regional or global level, with potential impacts ranging from negligible to minor.

The assessment of country level transboundary impacts identified that only the generation of
underwater noise from munitions clearance in two PoOs (Russia and Finland) has the potential to
result in significant impacts. Three APs could be affected i.e. Finland (from activities in Russia),
Russia (from activities in Finland) and Estonia (from activities in both Russia, and Finland). The
impacts relate primarily to the potential for onset of permanent hearing loss that may be
experienced by the Gulf of Finland ringed seal population, although the potential for a degree of
non lethal blast damage cannot be excluded. The use of seal scarers will ensure that the risk of
more severe blast injuries for all marine mammals is extremely low.

The country level assessments also considered where non-significant transboundary impacts may
occur. A summary of the potential transboundary impacts (both significant and not significant)
that may be experienced by each AP is provided below.

Transboundary impacts on Russia (from Finland)

Due to the low potential for munitions to be present close to the Russian - Finnish border there is
a low likelihood of transboundary impacts on mammals in Russian water from detonations in
Finnish water. However, as a precautionary approach, a moderate impact ranking has been
applied for onset of permanent hearing loss and non-lethal blast injury on the Gulf of Finland
breeding ringed seal population, and a minor ranking applied to the same impacts for grey seals
and harbour porpoise.

Munitions detonation in Finnish water could also produce an onset of temporary hearing loss in all
these species of mammals in Russian water, resulting in a minor impact ranking, while fish over
a very small area could experience a similar temporary loss of hearing, resulting in a negligible
impact ranking.
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Release of sediments from munitions clearance in Finnish water may result in very small and
short term increases in concentrations of suspended sediments. Any impact on seawater quality
or sediment depths in Russian water will be minimal, resulting in a negligible impact ranking.

Transboundary impacts on Finland (from Russia and Sweden)

For the reasons described above in relation to impacts on Russia, detonation of munitions in
Russian water close to the border with Finland could result in a minor impact ranking on grey
seal and harbour porpoise and moderate ranking on the Gulf of Finland ringed seals in Finnish
waters, due to onset of permanent hearing loss and non-lethal blast injury and a minor impact
ranking due to onset of temporary hearing loss. Similarly onset of temporary hearing loss in fish
in Finnish water is assesssed to have a negligible impact ranking.

There is a small risk that seals within the Natura 2000 site (FI0100078) Pernaja and Pernaja
Archipelago and various sanctuaries in Finland which are designated for ringed and grey seal may
experience a small degree of onset of temporary hearing loss from munitions clearance in Russia,
but modelling has demonstrated that such impacts would be minor.

Release of sediments from munitions clearance in Russian water may result in a very small and
short term increase in concentations of suspended sediments. Any impact on seawater quality or
sediment depths in Finnish water will be minimal, resulting in a negligible impact ranking.

Rock placement in Swedish waters close to the Finnish border may result in a small area being
affected by noise levels which could cause onset of temporary hearing loss in marine mammals
and fish in Finnish waters. However, due to the very short duration of each rock placement
activity, it is considered insufficient to affect species functioning resulting in a negligible impact
ranking.

Transboundary impacts on Estonia (from Russia and Finland)

The risk, and degree, of impact in Estonia from underwater noise, due to munitions detonation in
Russian and Finnish water will vary by location depending on the number of munitions detonated
and the species and specific populations of mammals present.

Again a precautionary approach has been adopted resulting in a moderate ranking for onset of
pemanent hearing loss and non-lethal blast injury on the Gulf of Finland ringed seal population,
and a minor ranking for the same impacts on Gulf of Riga and Archipelago breeding ringed seal
population, grey seals and harbour porpoise. As the Gulf of Finland breeding ringed seal
population is only present in the eastern part of Estonian waters, for a substantial length of the
Estonian border with Finland the transboundary impact ranking will thus be minor

Onset of temporary hearing loss from munitions detonation in Finnish and and Russian water
could also be experienced by mammals in Estonian water, resulting in a minor impact ranking.

Ringed and grey seals in the vicinity of the Uhtju Natura 2000 site (SAC EE0060220) in Estonia
may experience a small degree of onset of temporary hearing loss from munitions clearance in
Russian water, but modelling results have indicated that any such impacts will be at most minor.

While dredging at the Narva Bay landfall will result in local increases in suspended sediments,
under normal weather conditions these will not cross into Estonian water. Any impact on
seawater quality or sediment depths in Estonian waters will be minimal resulting in a negligible
impact ranking on these receptors. The potential for such changes in these parameters to impact
on monitoring undertaken at stations south of the Narva Bay landfall in Estonia can be addressed
through coordination with relevant authorities and is therefore also negligible.

Release of sediments from munitions clearance in Russian and Finnish waters or rock placement
in Finnish waters may result in a very small and short term increase in concentrations of
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suspended sediments. Any impact on seawater quality or sediment depths in Estonian waters will
be minimal, resulting in a negligible impact ranking.

Transboundary impacts on Germany, Denmark, Sweden, Lithuania, Latvia and Poland
The main construction activities (i.e. dredging, post-lay trenching, rock placement and munitions
clearance) in neighbouring countries which have the potential to cause transboundary impacts
are located a sufficient distance away from the German, Danish, Swedish, Lithuanian, Latvian
and Polish EEZs that no potential transboundary impacts have been identified.

Share your views

This Non-Technical Summary contains the key findings of the Nord Stream 2 Espoo Report. For
more detail, any interested party including members of the public can read the full report via
www.nord-stream?2.com.

The full Espoo Report, like this summary, is publicly available and submitted to the relevant
national authorities in those countries which the pipeline crosses, and in countries which may
experience transboundary impacts from the pipeline.

The Espoo Report is a key element of the public consultation process and interested parties are
invited to submit any feedback on the project proposals and related impact assessments.
Comments should be submitted directed to the respondent’s national authority.

The national authorities will keep a record of all comments and take into account this feedback as
part of their decision on whether to grant a permit for the project. Before granting a permit,
authorities may also set specific conditions of implementation which must be met by the Nord
Stream 2 project.
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INTRODUCTION

Nord Stream 2 Pipeline project

The Nord Stream 2 Pipeline system (NSP2) through the Baltic Sea will deliver natural gas from
vast reserves in Russia directly to the European Union (EU) gas market. It will contribute to the
security of supply of the EU by filling the growing gas import gap and by covering demand and
supply risks expected by 2020.

The twin 1,200 km subsea pipelines will have the capacity to supply about 55 billion cubic metres
(bcm) of gas per year in an economical, environmentally safe and reliable way. The privately
funded €8 billion infrastructure project will enhance the ability of the EU to acquire natural gas, a
clean and low carbon fuel necessary to meet its ambitious environmental and decarbonisation
objectives.

NSP2 builds on the successful construction and operation of the existing Nord Stream Pipeline
system (NSP), which has been recognised for its high environmental and safety standards, green
logistics as well as the transparent public consultation process applied during its development.
NSP2 is developed by a dedicated project company: Nord Steam 2 AG.

The NSP2 project envisages construction and subsequent operation of twin subsea natural gas
pipelines with an internal diameter of 1,153 mm (48 inches). Each pipeline will require
approximately 100,000 24 tonne concrete-weight-coated steel pipes laid on the seabed. Pipe-
laying will be done by specialised vessels handling the entire welding, quality control and pipe-
laying process. Both pipelines are scheduled to be laid during 2018 and 2019, to facilitate testing
and commissioning of the system at the end of 2019.

The route will stretch from the Russian Baltic coast at Kurgalsky Peninsula in Narva Bay to the
landfall near Lubmin, Germany. The NSP2 routing is largely parallel to NSP. The landfall facilities
in both Russia and Germany will be separate from NSP. Atlas Map PR-01 shows the NSP2 route;
landfall areas and ancillary facilities (see Figure 1-1 below).
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Figure 1-1 NSP2 route.

NSP2 - like NSP - will transport gas supplied via the new northern gas corridor in Russia from
the fields on the Yamal Peninsula, in particular the supergiant® field of Bovanenkovo. The
production capacity of the Yamal Peninsula fields are in the build-up phase, while the producing
fields from the previously developed Urengoy area that feed into the central gas corridor have
reached or passed their production plateau. The northern corridor and NSP2 are efficient,
modern, state-of-the-art systems, with an operating pressure of 120 bar onshore and an inlet
pressure of 220 bar to the offshore system.

NSP2 will be designed, constructed and operated according to the internationally recognised
certification DNV-0OS-F101, which sets the standards for offshore pipelines. Nord Stream 2 AG
has engaged Det Norske Veritas and Germanischer Lloyd (DNV GL), the world’s leading ship and
offshore classification company and a world leader in independent assurance and expert advisory
services, as its main verification and certification contractor. DNV GL will verify all phases of the
project and confirm that the pipeline is successfully pre-commissioned.

The downstream transport of gas supplied by NSP2 to the European gas hubs will be secured by
upgraded capacity (the Northern European natural gas pipeline) and newly planned capacity (the
European gas pipeline link) developed simultaneously by separate transmission system operators
(TSOs). Thus, the new downstream infrastructure will deliver gas to Germany and north-western
Europe as well as to central and south-eastern Europe via the gas hub in Baumgarten, Austria,
complementing the southern corridor. This will strengthen the gas infrastructure of the EU hubs
and markets and complement the existing infrastructure.

3 The largest class of natural gas fields with reserves of more than 850 bcm is called "supergiant fields".
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The new state-of-the-art gas supply infrastructure will be privately funded (30% by shareholder
financing and 70% by external financing sources). The project budget (capital expenditure,
CAPEX) is about €8 billion.

Purpose of the Espoo Report and links to national permitting process

This Espoo Report has been compiled for the NSP2 project in accordance with the requirements
of Article 4 of the United Nations Economic Commission for Europe (UNECE) Convention on
Environmental Impact Assessment (EIA) in a Transboundary Context (henceforth referred to as
the Espoo Convention), the EU Environmental Impact Assessment Directive (Directive
2011/92/EU), and the national legislation which implements the requirements of the Espoo
Convention and EIA Directive in Finland, Sweden, Denmark and Germany.

Where activities in one country, referred to as the “Party of Origin” (PoO), may result in
significant adverse environmental impacts on another country, referred to as the “Affected Party”
(AP), the Convention requires the PoO to follow a defined assessment process. This includes
notifying the APs regarding potential transboundary impacts, transmitting and receiving
information, preparing and distributing EIA documentation, and ensuring that there is both public
participation as well as consultation between the parties throughout the process. The purpose of
this report is to provide the EIA documentation that can inform subsequent participation through
provision of:

e A statement of all potential transboundary impacts which clearly identifies where activities
in one country may result in the occurrence of potentially significant impacts in
neighbouring countries;

e An overall assessment of the impacts of the NSP2 project that evaluates “in-combination”
impacts on each receptor group, irrespective of geopolitical borders.

Nord Stream 2 AG is required to submit national permit applications in the PoO countries (Russia,
Finland, Sweden, Denmark and Germany) for approval to construct and operate NSP2. The
applications are currently under way in each of the five jurisdictions and accompanied by a
country specific EIA/environmental study (ES) prepared in accordance with the respective
applicable national legislation. Each of these five national applications will be filed in accordance
with the relevant procedures of national legislation for the respective countries concerned. This
Espoo Report is based on information used to prepare the various national EIAs/ES.

Audience

NSP2 will pass through the territorial waters (TWs) and/or exclusive economic zones (EEZs) of
Russia, Finland, Sweden, Denmark and Germany. Under the terms of the Espoo Convention, each
of these countries is thus a PoO. Russia has signed but not ratified the Espoo Convention.
However, for the purposes of this report, Russia is designated as a PoO. Russia, Finland, Sweden,
Denmark and Germany, as well as the other littoral countries of the Baltic Sea, i.e. Estonia,
Latvia, Lithuania and Poland, are each an AP, as these countries may be subjected to impacts
from project-related activities and/or events that are initiated in a PoO.

This report will be made available in the national languages to all APs, including to the public for
their comments. This enables the PoO to take comments from the APs into consideration before a
final permitting decision is made.

Project history

NSP2 will be implemented based on the positive experience of construction and operation of the
existing NSP. The NSP project, upon its completion, was hailed as a milestone in the long-
standing energy partnership between Russia and the EU. It contributed to the achievement of a
common goal: the secure, reliable and sustainable reinforcement of energy security in Europe.
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The first NSP line was put into operation in 2011, and the second line came on-stream in 2012.
The entire NSP project was completed on schedule and on budget. It received many accolades for
high environmental and health, safety and environment (HSE) standards, green logistics, open
dialogue and public consultation.

In May 2012, at the request of its shareholders, Nord Stream AG conducted a feasibility study for
two potential additional pipelines with an operating life of at least 50 years. The study included
technical solutions, route alternatives, EIAs and financing options.

The feasibility study confirmed that it was possible to extend NSP with two additional lines. It
also identified additional import needs in the long-term development of the European gas market.
As part of the feasibility study, Nord Stream AG developed three main route corridor options to
be investigated further on the basis of reconnaissance level surveys, EIAs and stakeholder
feedback in order to develop an optimised route proposal.

In 2012, Nord Stream AG submitted requests for survey permits in the relevant countries. The
aim was to conduct further research on the route corridor options and to identify the optimal
routing for the pipelines with minimum length and environmental impact.

In April 2013, Nord Stream AG published a Project Information Document (PID) on a potential
NSP extension project as part of the initial notification and transmission of information as
required by the Espoo process. The PID provided stakeholders in the nine potentially affected
countries with an overview of the project, enabling them to determine their role in the future
environmental and social impact assessments and associated permitting processes, in accordance
with their country-specific laws and regulations.

In preparation for the further development of the extension project, Nord Stream AG discussed
the programme proposals for the national environmental impact studies in the five countries
(Russia, Finland, Sweden, Denmark and Germany) whose EEZs and/or TW the proposed route
would cross. Initial consultations were also conducted with the authorities and stakeholders in
other Baltic Sea countries (Chapter 4 — Espoo process).

The permitting, survey and engineering work initiated by Nord Stream AG for the extension
project was taken over by a dedicated project company, Nord Stream 2 AG, which was
established in July 2015. The extension project was renamed NSP2 (refer to Chapter 4 - Espoo
process regarding the Espoo Consultation process and next steps).

The project company

Nord Stream 2 AG is a project company established for planning, construction and subsequent
operation of NSP2. The company is based in Zug, Switzerland, and is owned by PJSC Gazprom.
An ownership structure of equal EU and Russian interests in the project is envisaged, reflecting
the significance of this new infrastructure for the future energy supply needs in Europe.

The headquarters of Nord Stream 2 AG has a strong team of over 200 professionals of over 20
nationalities, covering survey, environment, HSE, engineering, construction, quality control,
procurement, project management and administration.

Based on the stringent procurement policy and international tender processes of Nord Stream 2
AG, leading companies have been contracted to supply materials and services. Europipe GmbH,
Milheim/Germany; United Metallurgical Company JSC (OMK), Moscow/Russia; Chelyabinsk Pipe-
Rolling Plant JSC (Chelpipe) and Chelyabinsk/Russia have been selected to deliver approximately
2,500 km of large-diameter pipes with a total weight of roughly 2.2 million tonnes. Wasco
Coatings Europe BV has been contracted for concrete weight coating (CWC), pipe storage and
logistics. It will operate an existing CWC plant in Kotka, Finland, a second CWC plant in Mukran,
Germany, as well as two storage yards located at Hanko in Finland and at Karlshamn in Sweden.
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As with Nord Stream AG, Nord Stream 2 AG adheres to high standards with regard to technology,
environment, labour conditions, safety, corporate governance and public consultation.

Nord Stream AG, the operator of the existing NSP, has been absolutely committed to safety and
environmentally friendly solutions from the very start of the project, through the planning,
construction and operational phases. In addition to developing a state-of-the-art technical
design, Nord Stream AG demonstrated in a very transparent way its competence in the
sustainable management of the environmental and social aspects associated with the
implementation of a pipeline project. The implementation of an environmental and social
management system (ESMS) enabled Nord Stream AG to monitor its contractors and closely
follow up on all commitments and obligations. This ensures good management of construction
and operational activities in an environmentally and socially responsible manner, as well as
transparent and comprehensive reporting to authorities and stakeholders. The NSP system will be
adopted and further enhanced for the NSP2 project.

Due to the strict requirements imposed through the management system, quality assurance by
suppliers, contractors of Nord Stream 2 AG and the company itself will exceed the standards
normally applied to other offshore pipelines and will guarantee the highest possible standard of
operational safety. Nord Stream 2 AG is also committed to complying with the environmental and
social standards of the International Finance Corporation (IFC).

Following completion of the project phase, the results from the environmental and social
monitoring programmes of NSP demonstrated that pipeline construction did not cause any
unforeseen environmental impacts in the Baltic Sea and confirmed the positive trend in
environmental recovery after construction. So far, all monitoring results have confirmed that
construction-related impacts were minor, local and predominantly short-term. Transboundary
effects have also been verified as being insignificant. Nord Stream AG is sharing data with the
scientific community through its Data and Information Fund (DIF) portal. The DIF portal contains
data collected for pipeline route design as well as for the NSP EIAs and environmental and social
monitoring during construction.

The results of previous surveys and the experience gained during the construction and operation
of NSP will help to ensure that NSP2 will meet the same stringent environmental standards and
can be built without any lasting adverse effects on the environment.

In line with the company’s commitment to transparency and open dialogue, Nord Stream 2 AG
has a dedicated website (https://www.nord-stream2.com/) where extensive project-related
information can be reviewed and inquiries can be addressed.

Main consultants

This Espoo Report, including the Atlas Maps, was prepared by Ramboll and Nord Stream 2 AG. An
overview of the main consultants and contractors involved in the various studies, surveys,
modelling and assessments for the Espoo Report is presented in Table 1-1.

Table 1-1 Companies/experts responsible for studies, surveys, modelling and assessments for the
Espoo Report.

Consultant/contractor Scope of work Country of origin ‘
Environmental impact assessment documentation

Ramboll Group A/S Espoo Report Denmark

Frecom Russian EIA Russia

Ramboll Finland Finnish EIA Finland

Ramboll Sweden Swedish ES Sweden

Ramboll Denmark Danish EIA Denmark

Institut fiir Angewandte Okologie (IFAQ) | German EIA Germany

Espoo Report W-PE-EIA-POF-REP-805-040100EN



1.7

Consultant/contractor
Technical design

Page 31 of 642

Scope of work Country of origin ‘

| Main engineering contractor | Italy

Saipem S.p.A.
Certification
Det Norske Veritas (DNV) | Project certification | Norway

Environmental surveys

Danish Hydraulic Institute (DHI) Seabed sampling Denmark
Eco Express Service Offshore and onshore surveys Russia
Institut fiir Angewandte Okologie (IFAQ) | Offshore and onshore surveys Germany

Luode Consulting Oy

Environmental baseline offshore | Finland

surveys

Mathematical modelling

Danish Hydraulic Institute (DHI) Modelling enhancement study Denmark
Environmental assessment

Danish Centre for Environment and | Marine mammals assessment Denmark
Energy (DCE)

Danish Centre for Environment and | Chemical warfare agents (CWAs) Denmark
Energy (DCE)

Finnish Institute for Verification of the | Chemical warfare agents (CWAs) Finland
Chemical Weapons Convention

(VERIFIN)

Ymparistétutkimus Yrjéla Oy Marine mammals, Finnish EEZ Finland
Skepast & Puhkim OU Transboundary assessment, Estonia Estonia
ARK- Sukellus Rami Kokko Cultural heritage, Finnish EEZ Finland
Anders Stigebrandt, Ancylus HB Hydrography Sweden
Statens maritima museer (SMM) Cultural heritage Sweden

Report structure

The structure of the Espoo Report has been developed in accordance with the requirements
outlined in Appendix II of the Espoo Convention. Considerable effort has been invested in the
Non-Technical Summary (NTS) to maximise the potential to communicate effectively to the
general public about the project and its transboundary impacts. Additionally, an Atlas Map book
has been prepared comprising an extensive compendium of maps that are extensively referred to

in this report.

This report is divided into 20 chapters as outlined in Table 1-2.

Table 1-2

Chapter Title
1 Introduction

Espoo Report structure.

Overview

Provides information about the NSP2 project, the key objectives
of this Espoo Report and information on the history of NSP2, the
project developer and the main consultants involved with the
project.

2 Project justification

Provides the context for why NSP2 is needed based on current
projections, which show an increased import demand and the
need for additional pipeline capacity to reinforce supply security.

3 Regulatory context

Describes the regulatory framework for pipelines in the Baltic Sea
and the relevant international conventions and EU Directives that
have influenced how the project has been developed and issues
addressed in its assessment.

4 Espoo process

Outlines the process required by the Espoo Convention and how
the various steps have been and will continue to be taken in
relation to NSP2. It highlights in particular the role of the public

consultation process both with respect to scoping the Espoo
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Chapter Title Overview
Report and with respect to using the report for informing the
public about the project and the potential environmental impacts.

5 Alternatives Describes and provides a high level comparison of the
technological and pipeline routing alternatives considered for the
project, as well as the situation without the project, and gives the
rationale for the selected preferred option.

6 Project description Provides details of the NSP2 project, including is design,
construction and operational activities both onshore and in the
marine environment.

7 Method adopted for | Lays out the framework applied for preparing the Espoo Report,
production of Espoo | including how information contained in the national EIAs/ES has
environmental assessment | been analysed and presented to deliver a Joint EIA that considers
documentation the project in its entirety.

8 Identification of | Based on a review of the project description, the potential
environmental impacts environmental impacts of the various activities and of the

presence of NSP2 are identified, for making the basis for the
subsequent impact assessment.

9 Environmental baseline Describes the current status of the physical-chemical, biological
and socio-economic environment within the project area of
influence, to provide a baseline against which environmental
impacts can be assessed.

10 Assessment of | Predicts and evaluates the level of environmental impacts

environmental impacts resulting from routine operation of NSP2 on the physical-
chemical, biological and socio-economic receptors described in
Chapter 9 - Environmental baseline.

11 Marine strategic planning Identifies the key directives relevant to marine spatial planning in
the Baltic Sea and assesses the degree of compliance of NSP2
with their objectives and, where possible, targets.

12 Decommissioning Provides an overview of the available scenarios for
decommissioning the pipeline at the end of its operating life,
identifies the preferred option and provides a high-level
assessment.

13 Risk assessment Evaluates the impacts from unplanned events that may occur
during the construction and operation phases of the project and
describes the emergency preparedness and response strategy
developed by Nord Stream 2 AG to proactively manage such risks.

14 Cumulative impacts Describes and assesses the potential additive or synergistic
impacts that may arise from interaction between the NSP2 project
and other projects with an overlapping spatial and temporal
scope.

15 Transboundary impacts Summarises on a country-by-country basis the potential
transboundary impacts that may arise from project activities.

16 Mitigation measures Provides a description of additional measures (beyond the
embedded mitigation incorporated in the design) that Nord
Stream 2 AG commits to take to avoid or reduce potential
environmental impacts identified through the impact assessment
process.

17 Health safety, | Describes the health, safety, environmental and social (HSES)
environmental and social | management system developed by Nord Stream 2 AG to ensure
management that HSES risks including environmental impacts are identified

and proactively managed.

18 Proposed environmental | Lays out the proposed monitoring programme for NSP2, the
monitoring objective of which is to ensure that the relevant management and

mitigation measures are implemented, and that the assumptions
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Overview

for and the order of magnitudes of the assessed environmental
impacts are correct.

19 Knowledge
uncertainties

gaps

and

Identifies areas where the available information is incomplete or
imprecise and describes implications of such gaps and
uncertainties for the assessment and how these have been
addressed.

20 References

List of references used to support the information provided.

The following appendices have been included in the report:

e Appendix 1: Provides a summary of the key issues raised by stakeholders and how these

issues have been addressed.

e Appendix 2: Lists protected species identified in the project area, including both common
and Latin names.

e Appendix 3: Provides detailed modelling results and methodology, including sediment
dispersion and sedimentation, underwater noise and air quality modelling results.

e Appendix 4: Concentration of contaminants in sediments along the planned NSP2 route.
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PROJECT JUSTIFICATION

This section describes the occasion and reasons for the Nord Stream 2 project and proves why
this project is required to secure the supply of gas to the European Union and its Member States.
Nord Stream 2 AG has commissioned Prognos AG to prepare a study on the European gas
balance, forecasting future gas demand and possible sources for demand coverage. In view of
the above, Prognos AG, which advises decision-makers from politics, business and society in
Europe providing objective analyses and forecasts, completed the study "Current Status and
Perspectives of the European Gas Balance" in January 20174,

The study area of this chapter is thus the European Union, consisting of 28 Member States
(EU 28) - consistently including the United Kingdom (UK). A possible withdrawal of UK from
EU 28 ("Brexit") would have no significant impact on the natural gas flows between UK and other
EU 28 Member States as well as Norway, as UK's natural gas import requirements, and the EU 28
total imports, would not changec. The geographic area will be extended within the following
analysis, when required from an EU 28 perspective i.e. hon EU 28 Member States are able to or
have decided to cover their gas import requirements exclusively from the EU 282. In the following
this is discussed in detail.

It would not be appropriate to focus solely on those areas which are directly supplied by pipeline.
The EU internal gas market is significantly influenced by the global LNG market.

Thus, an overall European gas balance has to be analysed in order to assess the extent of supply
security. Ignoring the interdependencies with supply and the available sources, the complexity of
the markets would not be treated appropriately and thus the requirements of a sound forecast
would not be met. It is particularly important to consider the relevant geographic area when
comparing the results presented below with other studies, as some studies focus on OECD
Europe instead of EU 28. The main difference between OECD Europe and EU 28 is that OECD
Europe considers Norway (a large net exporter of natural gas) and Turkey (a large importer of
natural gas). Further, the EU 28 Member States Romania, Bulgaria, Croatia, Latvia and Lithuania
are not part of OECD Europe. This leads to considerable differences in the respective quantitative
balances.

The time horizon for projections in this document is usually 2020 until 2050 (depending on
specific analyses). In view of the long forecasting period and the complexity of the subject -
which is characterised by significant uncertainties — Prognos has analysed in detail numerous
studies on future gas demand in its study®.

Figures in this document are rounded to the first or no decimal, potentially leading to slight
deviations in shown totals.

The Nord Stream 2 pipeline project is essential for the secure, cost-effective and sustainable
supply of natural gas to the general public for the following reasons.

Prognos differentiates between so-called target and reference scenarios. Target scenarios
generally aim at an all-electric world fuelled by solar and wind-based power generation and show
strongly declining fossil fuel demand trajectories to achieve politically set climate protection
targets detached from the likelihood of achieving them (see Figure 2-1). Given their
methodological approach they are not suitable for setting a reliable basis in order to forecast

A Prognos AG, Status und Perspektiven der européaischen Gasbilanz (2017).

€ Prognos AG, Status und Perspektiven der europaischen Gasbilanz (2017), p. 5.

® Prognos AG, Status und Perspektiven der europaischen Gasbilanz (2017), p. 29.

® Please refer to Prognos, Status und Perspektiven der européaischen Gasbilanz (2017), p. 56ff.
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future supply needs. Reference scenarios, on the other hand, take into account the risk of not

complying with ambitious targets.
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Figure 2-1

Natural gas demand scenarios for EU 28 and OECD Europe (indexed with 2015 = 100).

In order to ensure the security of energy supply of the EU 28 with natural gas, particularly in the
event of not fulfilling such objectives, it is necessary to base the medium- to long-term planning
on reference scenarios. Prognos therefore bases its analysis on the EU Reference Scenario
(2016), also taking into account recent developments. Prognos, as subject matter experts,
consider the EU Reference Scenario as a good starting point to analyse EU 28 energy demand
and production, as its projections are based on present best practices (from a technological and
legal perspective) and it is highly transparent. However, Prognos concluded that the EU
Reference Scenario need to be adjusted where more up-to-date official production outlooks are
available and extended to include projections for imports from the EU internal gas market by
Switzerland and Ukraine to EU 28 figures, in order to get a complete picture of future gas import
requirements (EU 28 Plus).

Considering Switzerland and Ukraine, which are expected to import approximately 20 bcm/a of
natural gas from the EU internal gas market as of 2020, demand of EU 28 Plus is projected to
show an almost stable development from 494 bcm in 2020 to 477 bcm in 2030 and 487 bcm in
2050. At the same time however, EU 28 domestic production is projected to decline by 55%
between 2015 and 2050 (see Figure 2-2).
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Figure 2-2 EU 28 natural gas production projections according to Prognos based on EU Reference

Scenario 2016 (bcm).

According to Prognos, natural gas production is expected to decrease even further than projected
due to recent decisions by the Dutch government to reinforce limitations on the natural gas
production from the Groningen field, as well as lower projections for natural gas production in
Germany and the UK.

After adjustments, EU 28 domestic production is projected to decline from 118 bcm in 2020 to
83 bcm in 2030 and 61 bcm in 2050 (see Figure 2-3).

In combination, the stable development of demand and the strong decline in production results in
a constantly increasing natural gas import requirement of EU 28 Plus, developing from 376 bcm
in 2020 to 394 bcm in 2030 and 427 bcm in 2050 (see Figure 2-3), with the result that additional
gas supplies will be necessary to ensure the sustainable supply security of EU 28.
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Figure 2-3 Natural gas demand, production and import requirement of EU 28 Plus (bcm).

According to Prognos, without Nord Stream 2, it cannot be ensured that this natural gas import
requirement will be covered (securing energy supply) if these gaps cannot be filled with pipeline
gas. The global LNG market is subject to drastic fluctuations; so that LNG cannot be assumed
reliably cover any potential demand gaps. Therefore, the realization of the project is necessary in
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order to eliminate uncertainties of supply and to facilitate a competitive situation with the aim of
providing gas at low costs.

Pipeline gas: To cover the import requirement, pipeline gas and natural gas imported as LNG are
available to EU 28 Plus. With regard to pipeline gas, however, all existing suppliers to the EU
internal gas market with the exception of Russia (Norway, Algeria and Libya) are projected to
supply decreasing volumes due to restrictions in future production and/or increases in domestic
consumption (see Figure 2-4 and Figure 2-5).
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Figure 2-4 Natural gas production forecast for Norway (bcm).
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Figure 2-5 Natural gas balance forecast for Algeria (bcm).

Russia, in contrast, holds the largest proven natural gas reserves worldwide and has extensive
production capacity to satisfy both domestic demand and export demands of EU 28 Plus and
other countries (see Figure 2-6).
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Figure 2-6 Distribution of global natural gas reserves (tcm).

With regard to the transportation of produced gas to the EU internal gas market, Nord
Stream (1) and Yamal-Europe as well as Russian gas transports to the Baltic States (Estonia,
Latvia, Lithuania) and Finland are reliably available. However, for the Central corridor through the
Ukraine, further transport capacity of only 30 bcm/a can be considered as sustainably available.
This transport capacity is only available if the required refurbishment, which is funded by EBRD
(Europaische Bank fiir Wiederaufbau)/ EIB (Europaische Investitionsbank) emergency loans, is
actually pursued. However, in order to ensure this transport capacity in the long term, substantial
maintenance and refurbishment measures are required in the future, which has not been the
case at least in recent years. In fact, the planned investment programme has been consistently
under-fulfilled by the operator.

The inadequate condition of the system has resulted in an incident rate about 10-times higher
than the European average. A situation likely to exacerbate, as pipelines enter the fourth and
sometimes fifth decade of operation in 2020. Furthermore, the depleting Nadym Pur Taz region is
substituted by gas production from the more north-western located Yamal region. The Nord
Stream corridor running from the Yamal region to the EU internal gas market is not only
technically more advanced, but also about one-third shorter than the Central corridor. This leads
to a significantly lower gas consumption of the compressors for the transport and thus to a
higher efficiency and profitability of the transport system. As a result, the respective demand
gaps cannot be reliably covered by pipeline gas ensuring future gas supply.

With regard to pipeline gas potentially supplied from new source countries (Azerbaijan,
Turkmenistan, Israel, Iraq and Iran) to the EU internal gas market, is clearly limited. Apart from
additional volumes from Azerbaijan transported via the new TAP/TANAP pipeline project -
currently under construction with a maximum capacity of 10 bcm/a - no additional pipeline gas
coming to the EU internal gas market is conceivable. As a result, no additional import volumes
are expected from these suppliers in the foreseeable future.

LNG: The global LNG market generally represents a possible supply source to import considerable
additional volumes of natural gas to cover the future EU 28 Plus import requirement. However,
due to its nature as a cyclical industry (see Figure 2-7) LNG cannot ensure to cover natural gas
demand. Therefore, reliable medium and long term forecasts of the LNG market are hardly
feasible.

Espoo Report W-PE-EIA-POF-REP-805-040100EN



Page 39 of 642

L& mmbtu beom
20 r 100
N
16 kB0
JS
iZ F
x - L

1] ]
2010 20M 2012 2013 2014 2015 207%
— AT — Belgium ELU 28 LNG imports
Japan = Spakn
Figure 2-7 Development of regional landed LNG prices (USD/mmbtu) and EU 28 Plus LNG imports
(bcm).

In addition, Prognost and various other available studies™ are assuming that the LNG demand will
exceed the supply in the early 2020s, so that sufficient quantities for Europe are not guaranteed,
resulting in an increased price competition. Natural gas imported as LNG into the EU internal gas
market therefore is not a reliable supply option. Based on available LNG scenarios, LNG imports
with an average of 67 bcm in 2020 and up to 95 bcm in 2030 are expected and considered in the
following.

As a result, there would be an import gap without the implementation of the Nord Stream 2
project. This import gap will increase from 30 bcm in 2020 to 59 bcm in 2030 and 110 bcm in
2050 (see Figure 2-8). The construction of the Nord Stream 2 pipeline can close this import gap
from 2020 onwards. This will increase Russia's sustainable transport capacity towards the EU
internal gas market and thus avoid the additional reliance on volatile LNG. With its designed
annual capacity of 55 bcm per year¢, the Nord Stream 2 pipeline will contribute to the closure of
the import gap from 2020 onwards, thus guaranteeing the security of supply with natural gas.

® Prognos, Status und Perspektiven der europaischen Gasbilanz, p. 69.

F See for example Royal Dutch Shell plc., LNG Outlook (2017), p. 13; The Boston Consulting Group, A Challenging Supply-
Demand Outlook for LNG Producers (2016), p. 8.

¢ In Figure 2-8 a typical utilisation rate of 90% is applied to the designed annual capacity of Nord Stream 2 (55 bcm/a), which
leads to average annual volumes of 50 bcm.
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Figure 2-8 EU 28 Plus import gap forecast with average LNG and 30 bcm/a Ukraine transit

(Reference Case) (bcm), figures for Russian supplies in the bar chart are arranged in the
same order as used in the legend.

In view of the broad range and the complexity of possible forecasts, it cannot be excluded that
other studies generate different results. However, these won't be able to prove that the EU's
security of supply can be guaranteed in the future without the implementation of Nord Stream 2.
On the contrary, there are additional risk factors which can currently lead to an increased threat
to the security of supply. The Nord Stream 2 pipeline can help to ensure security of supply,
particularly in terms of potential transit, supply and demand risks.

The most prominent risk factors are a complete halt of transit through Ukraine on commercial or
legal grounds (see Figure 2-9) or low levels of LNG supply due to a tightening global LNG market
(see Figure 2-10). Furthermore, demand or supply-side risks could be higher than assumed by
Prognos, such as a complete stop of production from the Groningen field or a halt of exports from
North Africa, which would endanger the security of gas supply of EU 28 Plus (see Figure 2-11).
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Figure 2-9 Risk case 1 for EU 28 Plus: 0 bcm/a Ukraine transit (bcm).
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Figure 2-11 Other relevant risk cases for EU 28 Plus: No supply from Groningen (NL), North Africa or
higher demand for natural gas (bcm).

In addition, Nord Stream 2 will increase competitive pressure on natural gas supplied to the EU
internal gas market from different countries, resulting in lower gas market prices for end
consumers and therefore contributing to the affordability of energy supply. Furthermore, Nord
Stream 2 will trigger further integration of the EU internal gas market through additional
downstream pipeline infrastructure.

Finally, the proposed project contributes to an environmental friendly supply of energy. This
applies to natural gas as a fossil fuel and its general importance in the energy mix, but also to
the project itself.

Natural gas, is a fuel with various applications in the heating, power generation, industry and
transport sector of the EU 28 (see Figure 2-12). Being the fossil fuel with the least greenhouse
gas (GHG) and other emissions resulting from combustion (e.g. particulate matter) - especially
in comparison with coal and oil - natural gas can serve as both a transitional energy source,
enabling a build-out of renewables as well as a back-up energy source guaranteeing overall
security of energy supply. Thus, natural gas as an intermediary has the potential to accompany
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and promote the transition to a low-carbon economy and will continue to play an important role
in the EU 28 energy supply in coming decades. Through the continued use of natural gas,
ambitious targets set by the Paris Agreement of 2016 on climate change can be reached without
jeopardizing the overall security of energy supply.
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Figure 2-12 Electricity mix 2014 in EU 28 by energy source (TWh, %) and corresponding CO>
emissions (Mt, %).

Also, from an environmental perspective Nord Stream 2 - combining state-of-the-art technical
design with a much shorter route from the relevant production fields in Russia to the EU internal
gas market (see Figure 2-13) - has significant advantages in terms of environmental and climate
impacts.
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Figure 2-13 Overview of Russian gas fields and pipelines to the EU (schematic).

This applies to both Russian gas supplied to EU 28 Plus via Yamal-Europe and the Central corridor
as well as compared to important LNG supply options (Algeria, Australia, Qatar and US). Among
the potential sources of gas supply able to significantly contribute to closing the EU 28 Plus
import gap, Russian gas supplied via the Nord Stream corridor has the lowest carbon footprint.
Compared to natural gas reaching the EU gas market via the Nord Stream corridor, the CO,
footprint of alternative Russian pipeline gas routes is at least 46%, and that of LNG alternatives
at least 131% greater (see Figure 2-14).
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Figure 2-14 Carbon footprint of Russian pipeline gas coming to EU 28 via the Nord Stream corridor
and from different sources via LNG (gCOze/MJ).
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Natural gas is poised to remain a backbone of EU 28 Plus energy supply, outpacing coal and oil
and leading to lower GHG emissions. With a mostly stable natural gas demand, but rapidly
decreasing gas production in EU 28 Plus, alternative gas supply is needed to cover the upcoming
natural gas import gap starting already in 2020. The state-of-the-art transport system Nord
Stream 2 can contribute to covering the upcoming import gap of EU 28 Plus as of 2020, while
making the EU’s gas supply more robust, more economically beneficial, more sustainable, more
efficient - and more consumer-friendly.
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REGULATORY CONTEXT

Introduction

In the following sections, the overriding international directives and conventions relevant to the
overall project are summarised. The national regulations in the individual countries through
whose EEZ or TW the pipelines will pass are addressed in the national EIAs for Russia, Finland,
Denmark and Germany and in the national ES for Sweden.

Overall regulatory framework for pipelines in the Baltic Sea
The offshore route proposed for NSP2 passes through the TW or EEZs of five countries bordering
the Baltic Sea (Russia, Finland, Sweden, Denmark and Germany), with landfalls in Russia and

Germany.

The required national permits in the PoO including the respective legal provisions are listed in

Table 3-1.

Table 3-1

List of required permits including respective legal provisions.

List of permits including the respective legal provisions

Russia Permits for construction
Two main permits for construction:
1) Permit for construction (on-shore construction permit) (pa3speweHue Ha
cTpoutenbcTBo) according to Art. 51 Russian Urban Planning Code; Russian
Government Resolution dated 06.02.2012 No. 92;
2) Permit for pipe-laying (offshore construction permit) (pa3peweHue Ha
npoknaaky Tpybonposoga) according to Art. 16 Federal Law 155-FZ on
31.07.1998, Art. 22 Federal Law No0.187-FZ dated 30.11.1995, Russian
Government Resolution No.68 dated 26.01.2000, Russian Government
Resolution No0.417 dated 09.06.2010, Ministry of Natural Resources Order
No.202 dated 29.06.2012.
Permits for operation
Two main permits for operation:
1) Permit for operation according Art. 55 Russian Urban Planning Code,
Russian Government Resolution No. 92 dated 06.02.2012;
2) License to operate a hazardous facility (Federal Agency for Environmental,
Technological, and Nuclear Supervision) according to Art. 9 Federal Law
116-FZ on 21.07.1997, Art. 12 Federal Law 99-FZ on 04.05.2011, Russian
Government Resolution dated 10.06.2013 No. 492, Rostechnadzor Decree
dated 11.08.2015 No. 305.
Finland Permit for construction and use of EEZ
Government consent for the activity and for the delineation of the pipe-lay corridor (the
exploitation right) according to the Finnish Act on the EEZ (Act 1058/2004).
Permit for construction and operation
Permit for construction (including munitions clearance), operation, maintenance and repair
according to Water Act (Act 587/2011).
Sweden Permit for construction and operation
Permit to construct the pipelines according to the Act on the Continental Shelf (Act
1966:314).
Denmark Permit for construction:
Permit to install a section of the NSP2 natural gas pipelines in Danish waters according to
the Act on the Continental Shelf, Administrative Order (361/2006) on Pipeline Installations
and Administrative Order (1419/2015) on Offshore Environmental Impact Assessment
(EIA).
Permits for operation:
1) Permit to operate the Danish section of NSP2 pipeline A (west) in Danish TW and on
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List of permits including the respective legal provisions

the Danish continental shelf according to the Continental Shelf Act, and Administrative
Order (361/2006) on Pipeline Installations.

2) Permit to operate the Danish section of NSP2 pipeline B (east) in Danish TW and on the
Danish continental shelf according to the Continental Shelf Act, and Administrative
Order (361/2006) on Pipeline Installations.

Germany Plan Approval

Plan approval procedure for construction in TW and the landfall according to § 43, Energy
Industry Act (EnWG).

Permits for construction and operation

Two permits for construction in EEZ according to the Federal Mining Act (BBergG):

1) Permit by the Mining Authority (Stralsund) according to § 133 Sec.1 No. 1 BBergG;

2) Permitissued by the BSH (Hamburg) according to § 133 Sec. 1 No 2 BBergG.

The United Nations Convention on the Law of the Sea (UNCLOS) /1/, Article 79, entitles all states
to lay submarine cables and pipelines on the continental shelf of coastal states, the delineation
being subject to the consent of such states. Hence, the project developer is required to submit
various national permit applications in order to obtain country-specific permits from the states
through whose waters the new pipelines are planned to pass.

A comprehensive assessment of environmental impacts is a key element in the permitting
process for the construction and operation of a major natural gas pipeline system. Countries in
the EU are bound to follow the Directive 2011/92/EU of the European Parliament and of the
Council of 13 December 2011 on the assessment of the effects of certain public and private
projects on the environment (henceforth referred to as the EU EIA Directive) /12/ and the 1991
UNECE Convention on Environmental Impact Assessment in a Transboundary Context /13/
(henceforth referred to as the Espoo Convention), if applicable, whereas Russia has its own EIA
legislation and has not yet ratified the Espoo Convention. Detailed EIA procedures in the TW and
the EEZs of the Baltic Sea differ among the countries concerned. Therefore the EIAs of the
project must follow the country-specific standards. Any transboundary impacts included in the
national EIAs and ES are to be summarised in the Espoo documentation.

Consent of the coastal states through whose TW or EEZ the pipelines will pass is based on
various national laws, such as EIA Procedure Acts, Water Acts, EEZ Acts, Continental Shelf Acts
and Energy Acts, which are specific for each individual country. The standards to be upheld
through the EIA process are also specified in the respective national legislation.

EU EIA Directive and Espoo Convention

The Espoo Convention aims to prevent, mitigate and monitor environmental damage by ensuring
that explicit consideration is given to transboundary environmental factors before a final national
decision is made as to whether to approve a project. A key requirement in the Espoo Convention
is the identification and communication of potential transboundary impacts to stakeholders
through an impact assessment to enable their comments to be considered prior to the granting of
consent.

The EU has ratified the Espoo Convention, which makes it an integral part of the EU legislative
framework and gives it precedence over secondary legislation adopted under the Treaty on the
Functioning of the European Union (TFEU). This means that EU legal provisions should be
interpreted in accordance with the Espoo Convention.

Article 2 of the convention sets out rules for conducting an EIA of activities located on the

territory of one contracting party, defined as the PoO, which are likely to cause significant
adverse transboundary impacts in another contracting party, defined as the AP /13/.
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There are seven key steps in the EIA procedure carried out for large-scale transboundary projects

/16/:

Notification and transmittal of information;

Determination of the content and extent of the matters of the EIA information (scoping);
Preparation of the EIA information/report by the developer;

Public participation, dissemination of information and consultation;

Consultation between concerned parties;

Examination of the information gathered and final decision;

Dissemination of information on the final decision.

Nousrwb =

With respect to NSP2, steps one and two were performed in 2012 and 2013 by Nord Stream AG.
Step 3 was performed in 2015 and 2016 by Nord Stream 2 AG. Step 4 is being performed by
submitting the Espoo Report for information and consultation to the public around the Baltic Sea.

Pursuant to Appendix II of UNECE, 1991 and Annex IV of 2011/92/EU, the EIA information must
include at least the following /16/:

e Description of the proposed project and its purpose;

e Description, where appropriate, of reasonable alternatives (e.g. in terms of location,
technology to be employed, etc.) and also the no-action alternative;

e Description of the environment likely to be significantly affected by the proposed project
and its alternatives;

e Description of the potential environmental impact of the proposed project and its
alternatives and an estimate of its significance;

e Description of the mitigation measures considered and an indication of the predictive
methods, assumptions and data on which they are based;

e Outline of monitoring and management programmes and any plans for post-project
analysis.

Transboundary impact means any impact, not exclusively of a global nature, within an area under
the jurisdiction of a party caused by a proposed activity, the physical origin of which is situated
wholly or in part within the area under the jurisdiction of another party /13/.

Party of Origin means the contracting party or parties to the Espoo Convention under whose
jurisdiction a proposed activity is envisaged to take place /13/. For the NSP2 project, the PoOs
are Russia, Finland, Sweden, Denmark and Germany. According to Article 3 of the Espoo
Convention, the PoOs are responsible for the content and acknowledgement of receipt of
notifications and for the exchange of relevant information to/from the potentially affected
countries.

Affected Party means the contracting party or parties to the Espoo Convention which are likely to
be affected by the transboundary impact of a proposed activity /13/. For the NSP2 project, the
APs include the five PoOs as well as Estonia, Latvia, Lithuania and Poland. The PoOs are included
as APs because construction activities occurring in one PoO may lead to impacts in another PoO.

The EU EIA Directive /12/ also includes (in Article 7) special provisions for cases in which a
project implemented in one Member State is likely to have significant effects on the environment
of another Member State /12/.

The main purpose of this Espoo Report is to document the environmental and social impacts of
NSP2 in accordance with the Espoo Convention and the EU EIA Directive. Chapter 4 - Espoo
process of this report outlines how the seven-step process specified in the Espoo Convention is
being implemented for NSP2.
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Other EU directives

EU Habitats and Birds Directives: Natura 2000

Natura 2000 is an EU-wide network of nature protection areas established under the 1992
Habitats Directive /17/. The aim of the network is to assure the long-term survival of Europe’s
most valuable and threatened species and habitats. It comprises Special Areas of Conservation
(SACs) designated by Member States under the Habitats Directive and also incorporates Special
Protection Areas (SPAs), which are designated under the Birds Directive /18/.

The Habitats Directive /17/ ensures the conservation of a wide range of rare, threatened or
endemic animal and plant species. Some 200 rare and characteristic habitat types are also
targeted for conservation in their own right. With the Birds Directive, the Habitats Directive forms
the cornerstone of Europe's nature conservation policy /18/ and establishes the EU-wide Natura
2000 ecological network of protected areas which are safeguarded against potentially damaging
developments.

Natura 2000 is not a system of strict nature reserves from which all human activities would be
excluded. The approach to the conservation and sustainable use of Natura 2000 sites is much
wider, largely centred on people working with nature rather than against it. However, Member
States must ensure that the sites are managed in a sustainable manner, both ecologically and
economically.

As a result of these directives, special precautions need to be taken for areas of the NSP2 project
that are located within or in close proximity of Natura 2000 sites in the Baltic Sea.

The Natura 2000 areas relevant for NSP2 are outlined in Section 9.6.6. The results of the
assessment of possible impacts on the Natura areas are shown in Section 10.6.6.

EU Marine Strategy Framework Directive (MSFD)

The EU Marine Strategy Framework Directive (MSFD) /19/ is the first encompassing piece of EU
legislation specifically aimed at protecting the marine environment and natural resources and
creating a framework for the sustainable use of marine waters. It establishes a framework within
which the Member States shall take the necessary measures to achieve or maintain good
environmental status (GES) of the marine environment by the year 2020 at the latest (Article 1).

Member States are required to follow a common approach that involves several actions. Those
that are of most relevance to NSP2 comprise:

e Determining GES (/19/, Article 9);
e Establishing environmental targets to guide progress towards achieving GES (/19/, Article
10).

The national permitting procedures in Finland, Sweden, Denmark and Germany will ensure that
the NSP2 project is in line with the provisions of the EU MSFD /19/.

The relationship between NSP2 and EU MSFD is outlined in Section 11.3.

EU Water Framework Directive

The EU Water Framework Directive (WFD) /20/ is a key initiative aimed at improving water
quality throughout the EU to achieve a GES for both groundwater and surface waters. While the
main focus is fresh water, the WFD also covers transitional and coastal waters up to 1 nautical
mile (nm) off the coast for ecological status and 12 nm with regard to chemical status.

The WFD requires an integrated approach to managing water quality on a river basin basis, with
the aim of maintaining and improving water quality. River basin management plans are to be
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prepared and renewed in six-year cycles. The first plans were issued in 2009 and updated in
2015.

For the NSP2 project, the WFD is relevant for the German landfall area and the offshore pipelines
until 1 nm from the German coastline. The WFD is also applicable in Denmark offshore the island
Bornholm and in the Gulf of Finland, with the exception of Russia.

EU Maritime Spatial Planning Directive

In July 2014, the EU adopted the Maritime Spatial Planning (MSP) Directive /21/, which came
into force in September 2014. It created the world's first legal requirement for countries to create
transparent planning-at-sea systems and to cooperate with their neighbours to make that
happen.

EU countries are now required to transpose the MSP Directive into national legislation and
appoint competent authorities by 2016. The implementation of the directive in the jurisdictional
waters of Member States must be achieved by March 2021; no formal plans have as yet been
adopted. The MSP Directive focuses on four objectives linked to the legal bases (environment,
fisheries, maritime transport and energy).

A number of EU directives are relevant to the MSP Directive. The directives that are relevant to
marine areas are shown in Figure 3-1 (see also Chapter 11 - Marine strategic planning).

OSPAR and Helsinki Conventions

Habitats and Birds Directive

Marine Strategy Framework Directive

Water Framework Directive
- chemical status

Water Framework Directive
- ecological status

5, S % %

Figure 3-1 Marine areas covered by EU directives /22/.

Other international conventions

UN Convention of the Law of the Sea, UNCLOS

UNCLOS, under Article 79, sets out requirements related to submarine cables and pipelines on
the continental shelf /1/. These entitle all States to lay submarine pipelines on the continental
shelf subject to conditions which include requirements regarding the prevention and control of
pollution from pipelines, due regard for other uses of the seabed including cables or pipelines
already in position and consent of the delineation of the relevant coastal State.

According to UNCLOS, the countries through whose EEZs the pipelines pass (Russia, Finland,
Sweden, Denmark and Germany) have the sovereign right and obligation for permitting NSP2
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with due respect to the aspects stated above. They are all parties to UNCLOS and have
implemented the necessary legislation for the territorial sea, the continental shelf and the EEZ.
UNCLOS sets the frame for the overall permitting of the part of NSP2 that is in the EEZs of the
PoOs.

The Espoo Report constitutes the documentation of the possible environmental impacts of the
project as required by Article 79, paragraph 2, of UNCLOS. The report is also relevant in
connection with decommissioning of the pipelines, as outlined in Section 12.1.

International Convention for the Prevention of Pollution from Ships, MARPOL 73/78
The International Convention for the Prevention of Pollution from Ships (MARPOL 73/78
Convention) /2/ was developed by the International Maritime Organization (IMO) to preserve the
marine environment through eliminating pollution by oil and other harmful substances and to
minimise accidental spillage of such substances.

For the NSP2 project, the subcontractor management processes will require vessels working for
the project to comply with the applicable provisions of the MARPOL Convention. This includes
requirements for quality of discharged ballast water and oil spill prevention measures.

The MARPOL requirement in relation to the risk of accidental spills is addressed in Chapter 13 -
Risk Assessment.

International Convention for the Control and Management of Ships' Ballast Water and
Sediments

Invasive aquatic species present a major threat to marine ecosystems, and shipping has been
identified as a pathway for introducing species to new environments.

The Ballast Water Management (BWM) Convention /3/ aims to prevent the spread of harmful
aquatic organisms from one region to another by establishing standards and procedures for the
management and control of ships' ballast water and sediments. The BWM Convention was ratified
on 8 September 2016 and will enter into force on 8 September 2017.

Compliance with the applicable provisions of the BWM Convention will be ensured as part of the
subcontractor management processes of NSP2.

The BWM Convention is relevant in connection with non-indigenous species (NIS), as outlined in
Section 10.6.8.

London Convention and Protocol on the Prevention of Marine Pollution by Dumping of
Wastes and Other Matter 1972

The objective of the Convention on the Prevention of Marine Pollution by Dumping of Wastes and
Other Matter 1972 /4/ (also known as the London Convention) is to promote the effective control
of all sources of marine pollution and to take all practicable steps to prevent pollution of the sea
resulting from dumping of wastes and other matter.

In 1996, the London Protocol /5/ was agreed to further modernise the London Convention and,
eventually, replace it. Under the protocol, all dumping of waste is prohibited, except for possibly
acceptable wastes on the so-called reverse list. This list, which is included as Annex 1 of the
London Protocol, includes e.g. dredged material; sewage sludge; inert, inorganic geological
material (e.g. mining wastes); organic material of natural origin; and bulky items primarily
comprising iron, steel, concrete and similarly unharmful materials.

The London Convention and Protocol are relevant in connection with decommissioning of the
pipelines, as outlined in Section 12.1.
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Bern Convention on the Conservation of European Wildlife and Natural Habitats
The Convention on the Conservation of European Wildlife and Natural Habitats /6/ (also known as
the Bern Convention) came into force in 1982.

The Bern Convention aims to conserve wild flora and fauna and their natural habitats. Special
attention is given to endangered and vulnerable species, including endangered and vulnerable
migratory species specified in the appendices of the convention.

The safeguarding of flora and fauna in relation to NSP2 are addressed in Chapter 9 -
Environmental baseline in the section on biological environment and in Chapter 10 - Assessment
of environmental impacts, in the sections on impacts on the biological environment, which give
particular focus (through their explicit consideration in the assessment criteria) to species that
are endangered, vulnerable and migratory and to natural habitats.

Bonn Convention on the Conservation of Migratory Species of Wild Animals

The Convention on the Conservation of Migratory Species of Wild Animals /7/ (Bonn Convention
or CMS Convention) is an intergovernmental treaty concluded under the United Nations
Environment Programme. The CMS Convention aims to “conserve terrestrial, marine and avian
migratory species throughout their range”. The convention facilitates the adoption of strict
protection measures for endangered migratory species. Migratory species that need or would
significantly benefit from international cooperation are listed in Appendix II of the CMS
Convention.

Within the convention there are a number of agreements covering specific migratory species,
including the Agreement on the Conservation of Small Cetaceans of the Baltic and North Seas
(ASCOBANS) of 1991.

The safeguarding of migratory species that may be affected by NSP2 is addressed in Chapter 9 -
Environmental baseline, which gives particular focus (through their explicit consideration in the
assessment criteria) to species that are listed in Appendix II of the CMS Convention and within
ASCOBANS.

UN Convention on Biological Diversity

The UN Convention on Biological Diversity from 1992 /8/ is an international, legally binding treaty
with three main goals: conservation of biodiversity, sustainable use of biodiversity and fair and
equitable sharing of the benefits arising from the use of genetic resources. Its overall objective is
to encourage actions that will lead to a sustainable future.

The concept of biodiversity embraces not only the variety of living organisms but also the genetic
diversity within a species and the diversity of habitats and landscapes. Biodiversity and nature
conservation were included as Article 15 of the revised Helsinki Convention (HELCOM) of 1992
(see also Sections 3.5.8 and 9.6.8).

Helsinki Convention, HELCOM
HELCOM /9/ entered into force on 17 January 2000 and covers the whole of the Baltic Sea area,
including inland waters as well as the water of the sea itself and the seabed. Measures are also

taken in the whole catchment area of the Baltic Sea to reduce land-based pollution.

The convention has a special focus on pollution of the Baltic Sea originating from many sources
and introduced by anthropogenic sources.

The convention states the following with regard to EIAs (Article 7):
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1. Whenever an environmental impact assessment of a proposed activity that is likely to cause a
significant adverse impact on the marine environment of the Baltic Sea Area is required by
international law or supra-national regulations applicable to the Contracting Party of origin,
that Contracting Party shall notify the Commission and any Contracting Party which may be
affected by a transboundary impact on the Baltic Sea Area.

2. The Contracting Party of origin shall enter into consultations with any Contracting Party which
is likely to be affected by such transboundary impact, whenever consultations are required by
international law or supra-national regulations applicable to the Contracting Party of origin.

3. Where two or more Contracting Parties share transboundary waters within the catchment
area of the Baltic Sea, these Parties shall cooperate to ensure that potential impacts on the
marine environment of the Baltic Sea Area are fully investigated within the environmental
impact assessment referred to in paragraph 1 of this Article. The Contracting Parties
concerned shall jointly take appropriate measures in order to prevent and eliminate pollution
including cumulative deleterious effects.

The provisions of the HELCOM Convention have been addressed through compliance with the
Espoo Convention.

Ramsar Convention

The Convention on Wetlands of International Importance (the Ramsar Convention) is an
intergovernmental treaty that provides the framework for national action and international
cooperation for the conservation of wetlands. The convention requires contracting parties to
formulate and implement their planning so as to promote the conservation of wetlands and as far
as possible the wise use of wetlands in their territory /10/.

Ramsar areas in relation to NSP2 are addressed in Sections 9.6.7 and 10.6.7.

Aarhus Convention

The Convention on Access to Information, Public Participation in Decision-Making and Access to
Justice in Environmental Matters /11/ (Aarhus Convention) is about government accountability,
transparency and responsiveness. The Aarhus Convention establishes a number of rights of the
public (individuals and their associations) with regard to the environment. The parties to the
convention are required to make the necessary provisions so that public authorities (at the
national, regional or local level) will contribute to these rights to become effective, including
access to environmental information, public participation in environmental decision-making and
access to justice.

The Aarhus Convention is implemented by the EU through the Environmental Information
Directive /14/ and the Public Participation Directive /15/. Provisions for public participation in
environmental decision-making are furthermore to be found in a number of other environmental
directives, such as the EU Strategic Environmental Assessment Directive /22/, the EU WFD
(Section 3.4.3) and the EU EIA Directive (Section 3.3).
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ESPOO PROCESS

Introduction
The NSP2 project is subject to a transboundary EIA according to the Espoo Convention. This is
because the NSP2 project can potentially have transboundary environmental impacts.

As outlined in Section 3.2, the Espoo process comprises several key steps. This section provides
a summary of how that process is being implemented for NSP2.

Notification and transmittal of information

In November 2012, Nord Stream AG issued a PID covering the Nord Stream Extension, now
called NSP2, for review and reference. In February 2013, a meeting between the PoOs was held
to discuss the content of the PID and the procedures for the project according to the Espoo
Convention.

Following this meeting and taking into account the comments, Nord Stream AG submitted the
final PID to the PoOs in March 2013 /23/. In April 2013, the PoOs submitted the PID to the APs
as prescribed by Article 3 ("Notification”) of the Espoo Convention. The public consultation phase
on the PID subsequently took place in all countries in parallel with the display of the national EIA
programmes as required by the national legislation of each country. All APs expressed their
interest in participating in the Espoo procedure for the Nord Stream Extension and submitted
comments on the PID resulting from the public consultation phase.

Preparing the Espoo Report

Following the notification and transmittal of information, comments from the notified parties were
evaluated and taken into account by the project developer to ensure that issues raised are
addressed in the Espoo Report.

Over 100 comments related to the PID were received from authorities, organisations and private
individuals. The main issues brought up by the stakeholders are summarised in Table 4-1. The
table also shows how these issues are addressed in the Espoo Report. Appendix 1 provides a list
of comments received and the respective responses.

The Espoo Report is written in English and translated into the nine languages of all APs.

Table 4-1 NSP2 summary of key areas of concern.

Impacts on marine mammals, birds and fish spawning/nursery areas

Concern was raised regarding | The Espoo Report includes a thorough assessment of these issues. The
potential impacts on marine | baseline chapters give an overview of the marine species and their
mammals, birds and fish | habitats that may be affected by the construction activities. This includes
spawning/nursery areas. the vulnerability of species during their various life stages and
information on spawning/nursery areas, breeding grounds and other
areas that are important for the species. Special attention is given to
Natura 2000 sites.

A number of mitigation measures have been taken when designing the
project and when planning the construction and operation phases (see
Chapter 16 - Mitigation measures). The detailed planning of the
construction works will be outlined in the so-called Construction
Management Plans (CMPs). For special precautions (e.g. avoidance of
certain construction activities at certain times of the year), the CMPs will
be incorporated in line with the results of the impact assessment outlined
in Chapter 10 - Assessment of environmental impacts of this EIA.
Monitoring during and after the construction works (see Chapter 17 -
HSES Management System) is carried out to ensure that no unforeseen

impacts occur. In such cases it will be evaluated whether construction
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Concerns were raised
regarding potential impacts on
the seabed and sediments.
This is in particular the case
with respect to mobilisation of
seabed sediments and the
impacts on quality

(turbidity, release of particle-

water

associated contaminants and
nutrients).

Minimising impacts on seabe

methods or similar should be adjusted.

d and sediments
The pipeline has been designed to minimise the amount of seabed
intervention works. Moreover, the methods of seabed intervention works
have been selected to minimise sediment spill (see Chapter 6 - Project
description and Chapter 16 - Mitigation measures).
Numerical modelling has been carried out for sediment spreading from
the seabed Assessment of
environmental impacts). Results from monitoring carried out during the
NSP construction works showed that the modelling of the impacts was
conservative, i.e. the actual impact can be expected to be lower than the
modelled impact. Therefore the assessment of the potential impacts

intervention works (see Chapter 10 -

caused by the seabed intervention works is considered to be robust.

Investigation of planned and future projects and minimising impacts on fishery, maritime

traffic, cultural heritage and from CWAs

Concerns were raised
regarding the project's
interference with other

planned and future projects in
the Baltic Sea, as well as with
maritime traffic and fishery.
about possible

with  dumped
chemical munitions containing
CWAs with

Concerns
interference

and cultural

heritage were also raised.

Concerns were raised as to
whether cumulative
being
relation

impacts
addressed
to future

in the Baltic

are in
developments
Sea.

Investigation of alternative
Concerns were raised as to
whether the zero alternative
was investigated and whether
alternatives were investigated
in order to avoid vulnerable or
protected areas
Natura 2000 sites.

such as

Emergency preparedness

Concerns were raised
regarding risk assessment and
emergency

preparedness.

response

In the section on the socio-economic baseline (Chapter 9 - Environmental
baseline), the relevant existing and planned infrastructure are outlined,
as is the maritime traffic and fishery. Likewise, the results of CWA and
cultural heritage surveys are outlined. In the section on socio-economic
impacts (Chapter 10 - impacts), the
possible impacts are addressed. The means to reduce the impacts are
addressed in Chapter 16 — Mitigation measures. The detailed planning of
the construction works will be outlined in the CMPs, which will include
measures taken to reduce interference with the above activities.

Assessment of environmental

The cumulative impacts have been addressed in line with the above
documents (see Chapter 14 - Cumulative impacts). All existing and
known planned infrastructure and activities which can potentially add to
the impact caused by the NSP2 project have been included in the
assessment.

outes and the zero alternative

The zero alternative has been addressed (see Chapter 5 - Alternatives).
In addition, offshore route alternatives have been analysed and the
preferred route is outlined. The preferred landfall options in Russia and
Germany, respectively, have been selected based on the optimal
combination of minimising environmental impacts, the risks of accidental
events, construction time and costs related to construction and operation.
Land-based pipelines as an alternative to NSP2 have not been
investigated as such, as they were already scrutinised and rejected as
part of the preparation for the NSP project (see Section 5.3).

The EIA includes an analysis of the risk of major environmental accidents
and an outline of the emergency preparedness in place (see Chapter 13 -
Risk assessment). The more detailed emergency preparedness plans will
be included in the CMPs for the various phases of the construction works.

In addition to the above, the risk of major environmental accidents will be
included in the quantitative risk assessment (QRA) for the pipeline project
in line with the provisions of the EU Offshore Safety Directive 2013/30/EU
/24/.
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Consultation and public participation

In addition to the consultation on the PID outlined above, Nord Stream 2 AG has had numerous
meetings with Espoo Focal Points and/or Espoo Points of Contact in all PoOs and all potential APs.
The aim of these meetings was to ensure that the content of the Espoo Report addresses all
issues that are important to the different countries. Table 4-2 summarises where and when these
meetings were held. In addition to these meetings, within the framework of the national
permitting processes Nord Stream 2 AG had over 200 meetings with all relevant authorities,

NGOs and other stakeholders, e.g. fishermen in the different countries.

Table 4-2 Contact and meetings with Espoo Focal Points and/or Points of Contact.

Date ‘ Location Authority

2015-09-16 Helsinki Ministry of Environment

2015-10-18 Helsinki Ministry of Environment

2015-12-01 Tallinn Ministry of Environment

2015-12-08 Copenhagen Danish Nature Agency for Water and Nature Management

2016-04-20 Stockholm Swedish Environmental Protection Agency

2016-05-10 Berlin Federal Ministry for the Environment, Nature Conservation, Building and
Nuclear Safety

2016-05-11 Copenhagen Danish Nature Agency for Water and Nature Management

2016-06-06 Helsinki Ministry of Environment

2016-06-21 Moscow Ministry of Natural Resources and Environment

2016-06-30 Tallinn Ministry of Environment

2016-09-02 Vilnius Ministry of Environment

2016-09-23 Warsaw General Directorate for Environmental Protection

2016-09-27 Riga Ministry of Environmental Protection and Regional Development

2016-09-14 Berlin Espoo Focal Points and/or Points of Contact from Germany, Finland,
Sweden and Russia

2016-11-14 Berlin Federal Ministry for the Environment, Nature Conservation, Building and
Nuclear Safety

2016-11-15 Stockholm Swedish Environmental Protection Agency

2016-11-17 Helsinki Ministry of Environment

2016-11-23 Moscow Ministry of Natural Resources and Environment

2017-01-25 Stockholm Ministry of Enterprise, Ministry of the Environment and Energy and
Environmental Protection Agency

2017-01-27 Helsinki Ministry of Environment, ELY Centre Uusimaa and Finnish Environment
Institute (SYKE)

2017-02-08 Berlin Federal Ministry for the Environment, Nature Conservation, Building and
Nuclear Safety

2017-02-22 Moscow Ministry of Natural Resources and Environment

This Espoo Report is being disclosed to the public around the Baltic to fulfil the requirements for
the PoOs to submit the Espoo Report to all APs in accordance with Article 2, paragraphs 2 and 6;
Article 3, paragraph 8; and Article 4, paragraph 2, of the Espoo Convention.

The PoOs will define the duration of the consultation within which comments on the NSP2 Espoo
Report can be sent to the PoOs. The APs will organise hearings, meetings and other means of
consultation on the Espoo Report in line with legal requirements. Nord Stream 2 AG has
committed to attend such hearings and meetings if requested by the relevant authorities.

Decision-making
According to Article 6 of the Espoo Convention, the PoOs will take the comments received during
the consultation phase into account when taking a final decision.
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ALTERNATIVES

Introduction

Nord Stream 2 AG is faced with the challenge of transporting gas from its source in Russia to
Germany and the European gas pipeline network. The company is committed to working to good
international industry standards with regards to technology, environmental protection, social
responsibility, labour conditions, safety, corporate governance and public consultation.
Accordingly, Nord Stream 2 AG has planned and designed NSP2 through an integrated and
iterative environmental management, survey and engineering design process which satisfies the
following objectives:

e Minimise environmental and social impacts;

e Maintain international good practice in relation to health and safety;

e Satisfy design standards and constructability requirements;

e Ensure pipeline integrity and operate the system safely over a 50 year operational life.

This chapter describes the NSP2 planning and design philosophy with respect to avoiding and
minimising environmental and social impacts and its application across the project with respect to
alternatives for routing, technology and construction methodology. An overview of the options
that were considered and rejected is presented below.

Historical route developments are described in Section 5.3, and route alternatives that are
assessed in the various EIAs are described in Section 5.4. Chapter 6 - Project description
addresses the preferred scheme that is assessed in the subsequent chapters of this report.

NSP2 planning and design philosophy
Nord Stream 2 AG is committed to designing, planning and implementing the pipeline project
with the least impact on the environment as is reasonably practicable.

To manage the potential impacts of the NSP2 project, environmental and social considerations
have been integrated into the engineering planning and design process. This has enabled
mitigation measures to be developed and integrated into the various phases of the project in an
iterative process. Mitigation measures have been identified through consideration of legal
requirements, best practices, industry standards, applicable international standards (including
World Bank Environment, Health and Safety (EHS) Guidelines and IFC performance standards),
experience from the operational Nord Stream Project (NSP) and other infrastructure projects, and
the application of expert judgement.

Mitigation hierarchy

The EIA Directive (Article 5(3)) requires an EIA Report to include “a description of the measures
envisaged avoiding, reducing and, if possible, remedying significant adverse effects”. For NSP2,
mitigation refers to the elimination or reduction of the frequency, magnitude or severity of
exposure to risks, or minimisation of potential environmental and social impacts.

In developing mitigation measures, priority has been given to preventing or avoiding potential
impacts. If it has been impossible to avoid an impact (i.e. there is no other technical or
economically feasible alternative), minimisation measures have been sought to reduce impacts.
Where it is not possible to avoid impacts or reduce their severity through management actions,
restoration and/or offset measures are considered.

This approach is driven by the policies of Nord Stream 2 AG, notably those related to the
approach to environmental and social management, which specifies the requirement to “adopt a

mitigation hierarchy”. This is also reflected in the cultural heritage and biodiversity policies.

The mitigation hierarchy is described further below.
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Mitigation approach

Avoidance

Avoidance or prevention of potentially negative impacts can be achieved through an iterative
planning and design process. For example, it has been possible to prevent potentially
negative environmental impacts by locating the pipelines, where feasible, away from sensitive
or valuable receptors such as Natura 2000 areas and cultural heritage and by avoiding areas
contaminated by chemical warfare agents. Avoidance reduces the need for later steps in the
mitigation hierarchy.

Minimisation
For impacts that cannot be completely avoided, management actions can be implemented to

minimise the duration, intensity, extent and/or likelihood of impacts (addressing noise levels,
turbidity thresholds, discharge limits, communications and so on).

Restoration

Restoration involves the re-establishment of the composition, structure and function of an
ecosystem with the aim of bringing it back to its original (pre-disturbance) state or to a
healthy state close to the original state.

Offset measures

Generally considered as the final stage in the mitigation hierarchy, offset measures will be
considered for impacts that cannot be avoided, minimised or reversed. “Offsets” can be
physical (e.g. contributing to long-term biodiversity improvements) or economic (supporting
socio-economic objectives in affected communities).

Avoiding impacts through planning and design

Pipeline routing which factors in engineering design and environmental criteria is one of the most
important considerations in avoiding or minimising impacts. To minimise seabed disturbance,
Nord Stream 2 AG has implemented a number of mitigation measures (where reasonably
feasible) with respect to routing. Environmental and social considerations that were integral to
the process of identifying an optimal pipeline route included:

e Parallel routing as close as feasible to NSP so the combined footprint on the seabed is
minimised;

e Minimisation of the overall pipeline length and number of route bends;

e Protected and environmentally sensitive areas, including fishing banks and nursery
spawning areas;

e Cultural heritage;

e Existing and future infrastructure;

e Shipping lanes;

e Munitions;

e Military practice areas;

e Mineral extraction areas.

Routing considerations also included avoiding, where possible, sea bottom conditions that give
rise to freespans and, therefore, the requirement for seabed intervention works (including

trenching and rock placement) which have potential environmental impacts.

Alternatives that were evaluated in the routing of the pipelines are presented below.
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Preliminary route development and optimisation

Comprehensive route considerations have been undertaken during several phases, starting with
the North Transgas project in 1995 to the development of the NSP and subsequently also by
NSP2. The previous assessed alternatives form the basis of the routing that is currently being
considered for NSP2.

During the previous NSP, requests to consider an onshore alignment were put forward by the
stakeholders during the permitting process. In the project’s response to this it was apparent that
onshore pipelines entail additional environmental and socio-economic effects in comparison with
offshore projects. Onshore pipeline challenges include human settlements, roads, railways,
canals, rivers, surface landforms, agricultural land, site reinstatement and potentially sensitive
ecosystems and cultural heritage sites.

Furthermore, overland pipelines also require additional infrastructure sites such as compressor
stations approximately every 200 km to maintain pressure for gas transport flow, which would
require significant land and energy usage while emitting noise and emissions to air. Transmission
is also less efficient compared with offshore pipelines.

Experience with NSP confirmed that impacts were localised and temporary and demonstrated
that offshore pipelines are the most advantageous approach with respect to all considered
aspects, including environmental, cost, supply capacity and security. For these reasons, there is
no further consideration of an onshore alternative in this report.

The following sections address historic offshore route considerations, including:

e North Transgas (1995-2000);
e North European Gas Pipeline (2005-2006);
e Nord Stream (2006-2012).

The NSP2 route options and preferred alternatives, which have evolved from this early planning
work, are documented in the following sections.

Historic route considerations - North Transgas

The first detailed plans for transferring gas from the gas fields in western Siberia to western and
central Europe through the Baltic Sea originate from the North Transgas Oy (NTG) study in 1995-
2000. The scope of the NTG study was to conduct a thorough analysis of gas supply to
Scandinavia and the use of Scandinavia as a transit region to western and central Europe.

Approximately 3,900 km in the Baltic Sea, Gulf of Finland and Gulf of Bothnia were screened in
the study to identify one or several pipeline routes. Three different route options and 16 landfall
sites were investigated. The three main route options, which included various landfall locations,
were:

e Route option 1: overland Finland and Sweden, including marine crossing north of the
Aland Islands.

e Route option 2: overland Finland, with a spur line to Sweden either north of the Aland
Islands or north of Gotland Island.

e Route option 3: offshore route with delivery to Finland and Sweden through spur lines to
Hanko and Nykdping respectively.

An offshore route through the Gulf of Finland was selected as the preferred design solution as
planning evolved and previously identified offshore problems were resolved.
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Nord Stream (2006-2012)

The North European Gas Pipeline Company, comprising a partnership between Gazprom, BASF
and E.ON, was established in September 2005 and renamed Nord Stream AG in October 2006.
During the feasibility study of the Nord Stream Project (NSP), various pipeline corridors were
considered.

Route alternatives north and south of Gogland Island (in Russia)

Through Russian waters, two principal alternatives, north and south of the island of Gogland,
were compared. On the basis of the assessment of the two route alternatives against the defined
objectives, the northern route alternative was identified as the preferred option. The main
reasons were:

e The southern route was closer to protected areas and areas of importance for species
conservation.

e The southern route required the crossing of a busy shipping route and two cable
crossings.

e The southern route posed a greater risk of damage to the pipelines owing to the proximity
to busy shipping lanes and designated future dredging areas.

e The southern route was greater in length.

Route alternatives in the Gulf of Finland (Finnish section)

In the Finnish part of the Gulf of Finland, two options for part of the route in Finnish waters were
considered, a northern and a southern route at Kalbddagrund. On the basis of the assessment of
the two routes against the defined objectives, the southern route at Kalbddagrund was identified
as the preferred option. The main reasons were as follows:

e The northern route involved more crossings of uneven hard outcrops and therefore
required more seabed intervention works than the southern route, which offered
advantages in respect of environmental impact and technical complexity.

e The northern route traversed the structural seabed features associated with Kalb&dagrund
and was located in slightly shallower waters, suggesting higher value benthic habitat. This
indicates that the southern route would have lower potential for impacts on protected
areas and ecologically sensitive species.

Route alternatives in Sweden - Gotland and Hoburgs Bank

Two alternative pipeline corridors in Swedish waters were considered: a route west of Gotland
and a route east of Gotland. The route west of Gotland, between Gotland and the Swedish
mainland, ran adjacent to Swedish TW around Gotland and continued along the border of the
Swedish mainland TW before entering the Danish EEZ heading towards Bornholm. The pipeline
route overlapped a shipping route between the northern tip of Oland Island and the north of
Bornholm. This route to the west of Gotland was deemed not preferable in 2006 and
consequently not chosen, e.g. due to its longer overall length and because a plan for a potential
Swedish spur line was discarded.

The route to the east of Gotland was identified as the preferred option for the following key
reasons:

e The eastern route avoided major shipping routes.
e The eastern route had fewer crossings of military and munitions areas.
e Considering a landfall at Greifswald, the eastern route in the Swedish sector was shorter.

On the eastern side of Gotland considerable efforts, including additional surveys and engineering,

were invested into optimising the route with respect to the sensitive Natura 2000 areas of
Hoburgs Bank and Northern Midsjé Bank, the deep water shipping lane and other infrastructure.
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In 2009, Nord Stream AG also analysed alternatives on the eastern side of the deep water
shipping lane in further detail during the permitting phase, due to requests from the authorities.
However, it was concluded that such alternatives would not lead to overall improvements
compared with the selected route. It was also observed that having pipelines on both sides of the
deep water shipping lane would create an undesired ‘box-in’ effect, impacting potential future
adjustments of the deep water shipping route. Therefore keeping the pipelines close together
west of the deep water shipping lane was concluded to be preferred.

Route alternatives in Denmark — Bornholm

From 2006 to 2009, the NSP route through Danish waters was subject to a series of in-depth
field investigations and assessments covering optional routes both north-west and south-east of
Bornholm. Challenges in selecting a route included factors such as an unclear EEZ border
between Denmark and Poland and intensive maritime traffic with several traffic separation
schemes. Furthermore, the route needed to consider an important commercial fishery (with
bottom trawling), particularly east of Bornholm, as well as the location of a World War II
chemical munitions dumping ground, which limits the possibilities for seabed intervention in an
area located in the vicinity of the Swedish EEZ border.

Based on these constraints and by applying the as low as reasonably practicable (ALARP)
principle, the final route for NSP was advised by the Danish Energy Agency. The route north of
Bornholm was abandoned, and the benefits of being far from the CWA areas and from the area
with intensive commercial fishery were assessed to be secondary in comparison to the maritime
safety risks.

Route alternatives in Germany

During the early stages of the NSP development, three alternative landfall areas in Germany
were considered: Greifswald, Rostock and Libeck. On the basis of an assessment against the
defined criteria, the route to Greifswald was identified as the preferred route. The main reasons
were:

e Shorter length and lesser requirements in terms of seabed intervention works resulting in
far lower dredging volume.

e Shorter construction time.

e Lower risk of disturbance of shipping and lower risk of damage to the pipelines caused by
shipping.

e Avoidance of impacts on seabed organisms from temperature differences between the gas
and the surrounding environment resulting from the burial of the pipelines over a long
distance.

Nord Stream 2 pipeline system - route development

Nord Stream extension (2012-2013)

After the construction of NSP, Nord Stream AG performed a feasibility study for the potential
extension of NSP (NEXT) in 2012-2013. The objectives of the feasibility study were to identify
and evaluate potential options for up to two additional pipelines in the Baltic Sea.

By this time, NSP had been built and therefore the spatial planning perspective needed to be
considered through the planning of the additional pipelines, although all feasible options were
reassessed. Three main route options, including a route through the Estonian and Latvian EEZs,
were developed based on technical routing requirements, experience from NSP and various
environmental interests:

e Finland-Sweden reference route (REF-FS-01.02);

e Estonia-Sweden reference route (REF-ES-01.03);
e Estonia-Latvia reference route (REF-EL-01.03).
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In addition to the main corridors, a number of route options connecting the main routes and
landfall areas were also investigated. Figure 5.1 shows the main routes and route options
developed during the NEXT project.

Bl P e DN U T
o ; kilometre
Territorial border NEXT Route Options:
EEZ border AL-GL-01 AL-RS-01.01 — EL-SA-01
. — AL-GV-01 — AL-RW-01.01 —— EL-WS-01
e it ALRB-01.01 ——— EB-KN-O1 ———— ES-EL01
) AL-RC-01 EB-KS-01 — ES5-F5-N
NEXT Refersnce Roules: ———— AL-RM-01 ——— EB-5101 ———— ES-WS-01
REF-EL-01.03 — AL-RN-0101 ——— EB-5201 — FS-ES-01.0
REF-ES-01.03 — AL-RP-01 — EL-E&-
REF-F5-01.02
Figure 5-1 Route options considered during the Nord Stream Extension project.

Applications for survey permits were submitted in the corresponding countries for further
investigations to optimise the pipeline routing. The Estonian government, however, decided in
December 2012 not to grant a reconnaissance survey permit in the Estonian EEZ. Thus the
originally identified three main route corridors were reduced to two. The remaining route
alternatives and options all followed a routing from the landfall options in Russia through Finnish,
Swedish and Danish waters to landfall options in Germany.

The route corridor options were developed on the basis of a routing assessment, in which
numerous environmental constraints in the potential project area were considered.
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The term “route corridor” means a spread on the seabed of in general 2 km in width. Select route
corridors were further investigated by reconnaissance and detailed level surveys to establish
seabed topography and to provide the required data for the technical basic design of pipeline
routes.

Two locations along the south coast of the Russian part of the Gulf of Finland were identified as
being potentially suitable for the landfall site:

¢ Kolganpya at the Soikinsky Peninsula;
e Narva Bay at the Kurgalsky Peninsula.

The routing assessment for the Gulf of Finland concluded that a route corridor entirely through
Finnish waters was environmentally and technically feasible if adequate mitigation measures
were adopted. The route corridor ran north of the existing NSP and to the south of the limit of
Finnish TW within the Finnish EEZ, extending from the Russian/Finnish EEZ border to the
Finnish/Swedish EEZ border.

The routing assessment for the Baltic Sea Proper concluded that in connection with the Gulf of
Finland routing three routing options were feasible. The route corridor options entered Sweden in
the northern part of the Baltic Sea Proper. They followed the existing NSP on either side through
the Swedish EEZ and allowed for a total of three options to cross Danish waters before merging
into one German landfall approach. The three routing options were:

e Routing option north and west of the existing NSP;
e Routing option south and east of the existing NSP;
e Routing option south and east of the existing NSP with a routing further east of Bornholm.

The German coastline was screened for feasible landfall locations. The Greifswalder Bodden was
identified as a preferred region for a possible landfall location in view of its proximity to the
existing Nord Stream infrastructure at Lubmin. Alternative possible landfall locations within the
Greifswalder Bodden were to be investigated.

The study of the feasible route options for NSP2 was carried out on the basis of previous planning
and experience from the existing NSP as concluded in the NEXT phase and supplemented by new
route surveys and seabed investigations. Furthermore, experience from the installation of NSP
contributed to the planning and technical design of NSP2.

A number of criteria were considered when selecting the optimal route. The first criterion was
environmental aspects and focused on avoiding protected and/or sensitive designated areas and
other areas with ecologically sensitive species of animals or plants. Minimising any seabed
intervention works that may cause local environmental impacts was also taken into account.

The second criterion looked at socio-economic factors to minimise any interference with shipping,
fishing, dredging, military practice areas, tourism and existing cables and wind turbines. No
impacts on the existing raw material extraction activities should take place. Avoiding areas with
known discarded conventional and chemical munitions was also a priority in the route selection
process.

The third criterion covered technical considerations regarding pipeline design, component
manufacture, installation methods, operations, and integrity and risk assessment results. These
included water depth for pipeline stability, seabed roughness, minimum pipeline bend radii,
installation, maintenance and repair, design options for cable and pipeline crossings as well as
distance to and crossing of shipping lanes. Furthermore, minimising construction time, and
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therefore any disruptions of construction works, as well as reducing the technical complexity of
the operation to keep the use of resources low was considered.

On the basis of the experience of NSP and available data on the existing pipelines, and taking the
selection criteria described above into account, a thorough route corridor assessment has been
performed as a desk study which identified a number of feasible route corridor and landfall
options as a basis for further planning.

Alternative routes for NSP2 in Russian waters

The planned NSP2 will be routed as far as possible along the existing NSP corridor. In the Russian
sector, however, alternative locations for the starting point (the landfall facilities) and the
offshore route had to be sought owing to technical, environmental and social aspects that
constrained the location of the facilities in Portovaya Bay, which is the starting point of the Nord
Stream system.

A comprehensive study of possible alternatives has been carried out and will be included in the
EIA that will be submitted to the authorities of the Russian Federation. A summary of the study is
included below. The assessment of route alternatives was carried out in three phases:

Phase 1. Evaluation of the feasibility of following the existing NSP

The first option that was considered in the feasibility study phase consisted of installing NSP2
alongside the existing NSP in order to bundle impacts at locations that had already been affected
by the development and where significant knowledge on the social and environmental conditions
had been acquired as part of the NSP project.

The detailed analysis of the capacity of the existing inland gas transport system showed that
there are limitations regarding the supply of 55 bcm of gas from the existing pipeline network to
territories located to the north of St Petersburg and that new inland gas supply pipelines would
be required. In addition, a new compressor station would be required. The constraints associated
with onshore routing of new, inland, high pressure gas supply pipelines across densely populated
areas along the River Neva and securing suitable sites for the construction and operation of the
compressor station led to the conclusion that the bundling option is not viable.

Additional considerations included an increased demand in natural gas by industrial customers in
the south-west Leningrad region (west of St Petersburg), including the Kinginseppsky District,
where ongoing industrial development has led to an increase in natural gas demand. Accordingly,
the Russian territorial planning scheme maps out the southern side of the Gulf of Finland for gas
pipeline connecting lines.

Phase 2. Selection of route options on the southern coast of the Gulf of Finland

The region west of St Petersburg to the borders with Estonia along the southern coast of the Gulf
of Finland was considered for the purpose of selecting a potentially feasible location for the NSP2
landfall site and upstream facilities, comprising the compressor station and the inland gas supply
pipelines, which will be built and operated by Gazprom.

Available public data and remote sensing methods were used to analyse the environmental and
social constraints of the coastline to the west of St Petersburg and identify potentially feasible
locations for further analysis. As a result, two options were identified and studied in more detail
from a technical, environmental and social standpoint: Narva Bay and Cape Kolganpya.

The Narva Bay route crosses the southern section of the regional Kurgalsky nature reserve. The
nature reserve is a wetland of international importance and included on the list of Baltic Sea
territories protected under HELCOM. However, the proposed NSP2 route crosses the least
valuable part of the nature reserve/wetland. The key biological components are located in the
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northern part of Kurgalsky Peninsula, on nearby islands and on the so-called Kurgalsky reef and
are not affected by the route.

Phase 3. Comparative analysis of the options Narva Bay and Cape Kolganpya

In 2015, Nord Stream 2 AG conducted reconnaissance environmental surveys for both route
options shown in Figure 5-2 and developed high level design concepts in order to make an
informed comparison of the two options, see also Atlas Maps AL-01-Espoo and AL-02-Espoo.

Based on the outcome of this evaluation, the Narva Bay route option was found to be the
preferred option. The main reasons are:

e The route is shorter for both onshore and offshore segments, thus resulting in a smaller
impact area and a shorter construction time frame;

e Seabed conditions are more favourable; therefore the total volume of required pre-lay
trenching and seabed intervention works is significantly less.

- The total volume, and therefore duration, of required pre-lay trenching and seabed
intervention works for the Narva Bay option is significantly less than for the Cape
Kolganpya option.

- The impact on the marine environment for the Narva Bay option would be
significantly less than for the Cape Kolganpya option. The extent and duration of
sediment dispersion for the Narva Bay option is much lower than for the Cape
Kolganpya option, and known contamination levels of the seabed sediments are
lower.

e The vulnerability of ecosystems as well as individual components of biodiversity and
aquatic biological resources in the area of the Narva Bay route is lower than for the Cape
Kolganpya option. However, for the onshore section of the Narva Bay route, mitigation is
required to manage impacts on sensitive forest habitat. The Narva Bay route, therefore,
would affect fewer valuable ecosystems and communities, including:

- Important bird areas and ringed seal haul-outs, where the average distance from the
Narva Bay route is significantly greater than for the Kolganpya alternative and
underwater noise impacts on marine mammals are lower.

This option would provide significantly greater technical security for pipeline construction and
operation, which would mean reduced risks of accidents and emergency situations and
associated large-scale environmental impacts.

e The environmental and social impacts associated with the upstream gas pipeline that is
required to supply the compressor station would also be greater along the Cape
Kolganpya option because of its encroachment of the Kotelsky state complex nature
reserve.

Final decision on approval of this route will be given by the Russian Federation authorities
based on a detailed analysis of environmental damage prepared for both options and
evaluation of the final outcome of the Russian environmental impact assessment (EIA).
Detailed discussion and assessment of alternatives is provided in the Russian EIA and in an
Assessment of Alternatives report which will be publically displayed as part of the national
procedure.
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Figure 5-2 Project alternatives in the Russian Federation.

Alternative routes for NSP2 in the Finnish EEZ
In the Finnish EEZ, the proposed NSP2 route crosses the existing NSP pipelines immediately after
entering the Finnish sector. The subsequent route lies north of the NSP pipelines.

The length of the Finnish section is approximately 378 km from KP 114 to KP 492). The Finnish
EIA report includes assessments of the following alternatives: NSP2 route, sub-alternatives, non-
implementation.

In the Finnish EEZ, there are two sections along the pipeline route where the route divides into
two alternative routes, see /27/ and Atlas Maps AL-01-Espoo ro AL-02-Espoo. The eastern
section is located south or south-west of Porkkala in the Gulf of Finland, and the sub-alternatives
are called ALT E1 and ALT E2. Another section is located in the northern Baltic Proper in the
western part of the Finnish EEZ, and the sub-alternatives are called ALT W1 and ALT W2.
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Figure 5-3 Pipeline route and route alternatives in the Finnish EEZ.

The main characteristics of the four sub-alternatives are shown in /27/.

Table 5-1 Comparison of sub-alternatives ALT E1 and ALT E2.

ALT E1 ALT E2 ALT W1 ALT W2
Length (km) 20.5 - 20.8 19.8 - 20.1 59.1 - 60.1 56.3 - 57.0
Rock volume (m?) 121,000 279,000 340,000 282,000
Freespans > 100 m 9 15 40 25
Number of crossings 18 8 8 4
Minimum depth (m) 33.2 -35.4 45.9 - 48.5 45.2 - 54.9 82.9 - 87.1
ALT E1/E2

The southern sub-alternative ALT E2 is about 700 m shorter than ALT E1l. The seabed profile
along ALT E2 is more irregular. Therefore the estimated number of long freespans and the rock
volume required for intervention works are higher. Both sub-alternatives are mostly in the range
of 50-70 m water depth, but ALT E1 runs through a short shallow water section where the
minimum water depth is 33 m. There are more cable crossings with ALT E1 than with ALT E2.
ALT E2 is located closer to NSP than ALT E1 (0.2 km at its closest point).

ALT W1/W2

The southern sub-alternative, ALT W2, is about 3 km shorter than ALT W1. The seabed profile
along ALT W1 is more irregular. Therefore the estimated number of freespans and the rock
volume required for intervention works are higher. Both sub-alternatives are mostly in the range
of 80-160 m water depth, but ALT W1 runs through a short shallow water section where the
minimum water depth is 45 m. There are more cable crossings with ALT W1 than with ALT W2.
ALT W2 is located closer to NSP than ALT W1 (0.2 km at its closest point).

The environmental impacts of the sub-alternatives are assessed on an equal basis in the Finnish
EIA and in Chapter 10 - Assessment of environmental impacts.
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Alternative routes for NSP2 in the Swedish EEZ

Three different route alternatives have been identified during the design and planning of NSP2
through Swedish waters: the route east of NSP (ES route), the route west of NSP (FS-new route)
and the alternative route (RA route), see Figure 5-4, Atlas Map AL-01-Espoo and Atlas Map AL-
03-Espoo.

LY i e\ e el
AR . L
; Lol % 0 K G ) | s N-.,.
4 1= . —=
..',-_‘w-, e 4_-_' E )" -
. X i | - LiN
e = L | > W ]
H " | %) of
-.1§.'?¢. b T —— Ly - A
_"-'-._:JF-‘ 2 Pl ‘1-. LN | y ,q“ Saa a.'n.u.IP..
'.‘_':- -4 F . b LS E "\"-
ol iyt : R T
R, i g . 13 ks
= . feiy
L. i it 3
< FLMLE ¥ ! s s 2 f
h | ¥ e Y
" " 4 J ot | |
i [y =
LA
g B e i L Goblsng TR -
SNERIGE ¥ f e | S, Ko j 7 £
Sreedin . ' % L 2 P
g e L t ‘-l 1
e o Pl / |
XY ¢ i ‘ —
= - LATWIIA
™ b =
:". g - - EESIN
P . N ——
{ e
B
[ - -
o o 1
il 1 e T |
el i | i m =
. “ae ¥ o= e
| E. - //.—f" . .n-‘\.II
'} - { - B % - LIETUVA
= =X .--f’f e . Lithuania
T - —] | | ] ¢ ,,.»l i} 50 1040
s - i 4 1 i — “]
Y Ay SH kilomatre
| ol ] et | w [ g | 1 L i A
Ternitarnal wates barder ES Houle
EET bordar = F5 new Route
R Roule

Figure 5-4 NSP2 route alternatives in the Swedish EEZ.

It should be noted that since the initial alternative route assessment was carried out, a new
Natura 2000 area has been designated by the Swedish authorities, within the Swedish EEZ and
named "Hoburgs Bank and Norra Midsjobanken”. The area is an extension of the existing sites
Hoburgs Bank and Northern Midsjé Bank (see Section 9.6.6). This new protected area has been
addressed and assessed in the national Swedish application documents.

ES route - east of NSP

The ES route branches off from the old FS route north-east of Gotska Sandén, crossing the
existing NSP and running mostly parallel to the existing pipelines on the eastern and south-
eastern side for the rest of the NSP2 section in the Swedish EEZ. The ES route has a greater
distance from the Natura 2000 sites of Hoburgs Bank and Northern Midsjo Bank compared with
NSP and is closer to the deep water shipping channel.

FS route — west of NSP

Originally the FS route was thought to run parallel to NSP on the west and north-western side for
the entire section in the Swedish EEZ. On account of new circumstances, the FS route from the
NEXT phase was amended and became the FS-new route. The FS-new route follows the ES route
from the start of the Swedish sector at the Finnish border to midway through the Swedish EEZ to
take into account the recently installed Sea Lion submarine cable between Finland and Germany.
It then crosses NSP and joins the originally intended FS route down towards the Danish EEZ
border, crossing NSP again and re-joining the ES route. The FS-new route is closer to the Natura
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2000 sites of Hoburgs Bank and Northern Midsjé Bank than NSP. Consequently, the distance from
the route to the deep water shipping channel is greater compared with the ES route.

RA route - south of NSP

The RA route is in the southern part of the Swedish EEZ that originates from the ES route,
crossing the border to the Danish EEZ further south. The RA route enters the Danish border
through the Bornholm Deep. This route is the shortest option, but it does not run parallel to the
existing NSP. The route also passes through the anchoring restriction area that surrounds the
chemical munitions dumping site east of Bornholm.

The three route alternatives for NSP2 in the Swedish EEZ have been considered in relation to the
relevant technical, safety, environmental and socio-economic aspects. The routes have been
compared and experience and alternatives from NSP and the NEXT feasibility study have been
considered in the evaluation and selection of the preferred route.

For the majority of the aspects, the ES route is favourable compared with the FS-new route. The
FS-new route includes two additional crossing sites of NSP compared with the ES and RA routes.
The crossings will result in significantly increased intervention works. In addition, the ES route is
located further away from the Natura 2000 sites of Hoburgs Bank and Northern Midsjé Bank,
which is favourable from an environmental point of view.

The RA route alternative crosses the important fishing grounds of Bornholm Deep and therefore
would interfere more with fishery than the ES route and FS-new route. In addition, the route
deviates from the existing NSP, while the other alternatives remain parallel to NSP, and is
therefore considered less favourable in relation to marine spatial planning. The majority of the RA
alternative is located in the Danish EEZ, where it crosses an area that is potentially contaminated
by CWAs associated with a chemical munitions dumpsite.

The preferred route in Sweden that has been selected for assessment in the Swedish ES and in
Chapter 10 - Assessment of environmental impacts is the ES route.

Alternative routes for NSP2 in Danish waters

Two different route alternatives have been identified during the design and planning of NSP2
through Danish waters: the route east of NSP (ES route) and the alternative route (RA route),
see Figure 5-5, Atlas Map AL-01-Espoo and Atlas Map AL-04-Espoo.
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Figure 5-5 NSP2 route alternatives in Danish waters.

RA route - alternative route

The RA route does not run parallel to the existing NSP and crosses approximately 40 km of the
area that has restrictions on anchoring and fishing due to the potential presence of chemical
munitions or CWAs, see also Section 5.4.4. Although shorter, and therefore less expensive to
install, it can be assumed that the risk of encountering chemical munitions is high compared with
other areas. This would present health and safety concerns during construction and operation of
the pipelines and has the potential to impact the marine environment.

ES route - east of NSP

The ES route runs parallel to the NSP route for the whole pipeline section inside Danish waters
and is located outside the area that has restrictions on anchoring and fishing due to the potential
risk of chemical munitions and CWAs. As the ES route runs parallel to the NSP route, this is
advantageous in terms of marine spatial planning. The occupied area which could affect other
uses of the seabed is thus reduced to a minimum.

Furthermore, it has been assessed in the Danish EIA that impacts, especially on CWAs, fishery
and military areas, would be lower for the ES route than for the RA route /26/.

The preferred route in Denmark that has been selected for assessment in the Danish EIA and in
Chapter 10 - Assessment of environmental impacts is the ES route.

Alternative routes for NSP2 in German waters

The route planning and landfall assessment in Germany considered a wide area of options, which
was narrowed to the selection of a preferred landfall alternative and route as follows (see also
Atlas Map AL-01-Espoo and Atlas Map AL-04-Espoo):
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Step 1: Identification of regional landfall target areas

Target areas for the establishment of landfall facilities and connection to the onshore grid were
considered at several locations along the German coast between the border of Poland and the
Bay of Libeck. One target area for a suitable landfall is the Pomeranian Bay. This target area
conforms to the principle of bundling NSP2 with existing infrastructures (NSP) and the principle of
selecting the shortest possible route. All other potential target areas are located further west, i.e.
west of Rigen. As a precondition for further investigation of possible landfall areas west of
Rigen, there must be a suitable pipeline corridor around the island of Rlgen.

Step 2: Evaluation and comparison of regional pipeline corridors

A pipeline corridor was defined from the border of the German EEZ towards each of the target
areas east and west of Rigen. The suitability of both routes was evaluated against a number of
technical, environmental and social criteria, which included: geotechnical conditions, bathymetric
conditions, areas with potential occurrence of unexploded ordinance, military training areas, wind
farms, shipping routes, subsea cables and pipelines, and nature conservation areas. The pipeline
corridor option to a landfall west of Rigen (to Rostock and the Bay of Libeck) has been
eliminated owing to technical difficulties and environmental impacts (including large volumes of
soft soils that have to be deposited onshore, obstruction of ship traffic along the highly
frequented “Kadet-Rinne” during construction, and severe environmental impact resulting from
intensive dredging of organic and contaminated soil). The pipeline corridor east of Riigen (in the
Pomeranian Bay, i.e. to the east coast of Rigen /Greifwalder Bodden/Usedom) provides for
spatial connections with existing or planned offshore infrastructure and was considered further.

P

Vierow
@
Ugedam
o 1 16
kilameatra
NSP2 Houle Territanal water border
Mukran alternative route EEZ border
Viergw alternative route Medline between Denmark and Poland
Usedam altemalive roule
Onshore route
Figure 5-6 NSP2 route alternatives in Pomeranian Bay in Germany.

Step 3: Identification of landfall options along the coastline of the Pomeranian Bay
Four potential locations for the pipeline landfall were identified in the Pomeranian Bay: Lubmin
West, Vierow, Mukran (Rugen) and Usedom (see Figure 5-6 above). These four locations have
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been evaluated against technical, environmental and social criteria, which included: the total
length of the offshore pipeline route section, the onshore pipeline length between the landfall site
and gas transportation grid connection points at either Wusterhausen or Dersekow, the
availability of sufficient space for the receiving installations, and proximity to settlements and
environmental protection areas. The landfall options at Lubmin West, Vierow and Mukran (Rlgen)
were assessed as potentially suitable. These landfall options are located at industrial sites.
Usedom was eliminated from further consideration because it is located in an area of intense
tourism and is near a residential area. Furthermore, the majority of the offshore route runs
through a military practice area and crosses sensitive reef areas, and the connection to the gas
transportation grid would entail crossing an SPA (Bird Protection Area) and require a link between
Usedom and the mainland.

Step 4: Evaluation and comparison of landfall options at Lubmin, Vierow and Mukran
For the three preferred landfall options, potential routes for the offshore and onshore pipeline
sections were further developed. These routes were assessed against criteria that included
minimising the offshore pipeline length, bundling with existing linear infrastructure or designated
linear corridors as feasible, avoiding environmentally sensitive areas and land uses, and suitable
geotechnical and bathymetric conditions.

The Lubmin, Vierow and Mukran options were evaluated with regard to the overall length of their
respective offshore and onshore sections and the overall areas affected by the offshore and
onshore infrastructure. Additionally crossings of nature protection areas, sensitive habitats and
other restricted areas, land uses and infrastructure or inshore waters were taken into account.
Evaluation against these criteria led to Mukran being identified as the least favourable of the
three options, as it would require a significantly longer onshore route potentially impacting on
protected areas and would affect a large number of private properties.

Step 5: Selection of preferred option

An environmental appraisal was undertaken of the Lubmin and Vierow options. Both options were
evaluated against a number of technical, environmental and social criteria. The offshore route to
Vierow is comparatively longer, involves greater dredging volumes, crosses soft organic soils and
impacts a nearshore reef of high ecological importance that would be difficult to restore. Unlike
the Vierow landfall, the Lubmin landfall is located in an existing industrial site where a direct
connection to the existing grid can be achieved. Thus routing to Vierow entails more technical
effort and has comparatively greater impacts on environmental receptors. Therefore the pipeline
route via Lubmin has been selected as the preferred alternative.

Design and construction method alternatives
Routing to avoid environmentally sensitive areas and features that include cultural heritage,
munitions and infrastructure is a primary impact avoidance strategy as discussed above.

In addition to routing aspects, Nord Stream 2 AG has considered the following mitigation
measures in the planning and design process:

e Alternative construction methods for the shore crossings in Russia and Germany;
e Alternative approaches to pre-commissioning;
e Selection of the pipe-laying vessel.

These topics are addressed below.

Shore crossings in Russia and Germany

The region in which a pipeline transitions from offshore to onshore is called a shore crossing. In
shallow nearshore areas, marine pipelines require protection from wave action and ice scoring
and are normally buried in a trench created by dredging prior to pipe-laying. The wet pipeline
continues in a trench through a transitional zone incorporating the beach and dunes. Typically, a
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temporary cofferdam is used to maintain an open trench across the dunes, beach and shallow
water during the installation period. This approach may be described as “conventional open cut”.

Germany

In Germany, the shore crossing point is characterised by a 200 m wide belt of sensitive coastal
forest. A conventional open cut construction methodology through the forest belt would lead to a
permanent loss of habitat and changes in landscape character, as the forest would not be
reinstated due to the need to protect the pipelines from tree roots. Nord Stream 2 AG has
explored the alternative of twin 700 m long micro-tunnels, with entry pits located within the
onshore gas receiving facility and exiting in shallow waters.

The micro-tunnel shore crossing method, which has been assessed to be technically feasible, has
been selected as the preferred construction method and is described in Chapter 6 - Project
description. The advantages of micro-tunnelling as opposed to open cut pipeline installation in
Germany include:

e Eliminating temporary environmental disturbance along the pipeline routes during
construction with impacts limited to the tunnel portals;

e Avoiding the need for reinstatement of forest habitat in the temporary working corridor;

e Eliminating the need for a cofferdam for the shore crossing and associated construction
impacts at the beach-sea interface;

e Avoiding direct impacts on tourism use of the beach area, as disturbance is confined to
construction of the exit portal which is both small scale and of short duration;

e Avoiding permanent disturbance of habitat for the onshore pipeline section, as the tunnel
would be beneath the root base, allowing for trees to be left in place without risk to the
buried pipelines.

Russia
In Russia, the preferred landfall location is Narva Bay, subject to final approval by the Russian
Federaion authorities.

A wide-ranging series of trenching options were initially considered including various trenchless
techniques. A shortlist of four technical options is being investigated in more detail by a team
comprising environmental experts and engineers. For each option, vulnerability of the habitats
that would be affected by the onshore section of the pipeline system and constructability
constraints are being assessed. The habitats are identified in the figure below.

A = nearshore area. B = coastal dune. C = forest. D = secondary forest. E = relict dune. F = swamp. G =
modified habitat.

Figure 5-7 Habitat types along the pipeline onshore section in Russia.

The base case method is for conventional open cut construction with an approximately 3,800 m
open cut with 85 m wide right of way (ROW) from the pig trap area (PTA) to the shoreline. As an
alternative to this base case, an optimisation is being considered. The optimised open cut
alternative maintains an 85 m wide ROW through habitats G and F to the relict dune formation
(habitat E) and then the ROW narrows to 56 m to traverse through the secondary forest and

Espoo Report W-PE-EIA-POF-REP-805-040100EN



5.5.2

Page 73 of 642

forest (habitats D and C). Both open cut solutions cross the shoreline via a 300 to 500 m long
cofferdam, which transitions into a trench extending some 3’300 m offshore.

Various trenchless options that are also being considered as an alternative to the base case
method are:

e Option 2: open cut from PTA to east of dune (2 km) with a pipeline corridor width of 85
m. 1.5 km micro-tunnel through dune and forest shore crossing with cofferdam and
nearshore trench.).

e Option 4a: open cut from PTA to west of dune (2.3 km) and pipeline corridor width of 85
m. 2.0 km micro-tunnel through forest and tunnel exit pit 500 m from shore dredged
flotation channel for pipe-laying vessel.

e Option 4e: open cut from PTA to east of dune (2 km) and pipeline corridor width 85 m.
2.4 km micro-tunnel through dune and forest and tunnel exit pit 500 m from shore.
Dredged flotation channel for pipe-laying vessel.

While it has been possible to select a micro-tunnel crossing for the German landfall, the
significantly longer trenchless section involved at the Russian landfall poses a substantially
greater risk with respect to constructability. The base case conventional open cut construction
method is being evaluated by the NSP2 engineers and environmental experts in parallel with the
trenchless alternatives. A decision on the construction method will be taken later in the year once
engineering feasibility and constructability studies are complete.

Pre-commissioning concept (offshore pipeline section)
Pre-commissioning activities are undertaken to confirm the integrity of the pipelines and ensure
that they are airtight and that they are ready for safe operational use with natural gas.

Wet pre-commissioning (for offshore pipeline section)

Hydrostatic tests on pipelines are normally undertaken to test for strength and leaks. The test
involves the filling of the pipe system with a liquid, usually water, and the pressurisation of the
pipeline system to the specified test pressure. This approach is a standard approach to
confirming pipeline integrity and is referred to as ‘wet’ pre-commissioning. For wet pre-
commissioning, the pipeline would be tested as three separate sections which would be
subsequently joined (utilising hyperbaric welds) on the seabed at locations in Finland and Sweden
to create a continuous pipeline.

As an alternative to the wet pre-commissioning concept, Nord Stream 2 AG is considering a ‘dry’
pre-commissioning approach as described below.

Dry pre-commissioning (for offshore pipeline section)

The offshore pipelines will not be pressure tested with water. Cleaning and gauging will be
performed using dry air as the pigging medium. An internal inspection will be carried out by
intelligent pigging, also using dried air as the pigging medium. In addition, leak detection will be
carried out through an external survey using a remotely operated vehicle (ROV). For dry pre-
commissioning, the required air will be dried and compressed at the German PTA by means of a
temporary air compression facility, and subsequently all pigs will be launched from Germany
towards Russia. Thus the pipelines will not be filled with water and, consequently, no dewatering
and subsequent dedicated drying will be required.

The comparative environmental aspects of the dry pre-commissioning method compared with the
wet pre-commissioning method are:

e In the case of conventional pressure testing, seawater would be used to fill and pressurise

the pipelines. Not performing a pressure test would avoid the filling of the pipelines with
water (approximately 1,300,000 m3 for each pipeline). Seawater contains dissolved
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oxygen (DO) and bacteria, including sulphate reducing bacteria (SRB). Both DO and SRB,
if not controlled, have the potential to cause corrosion and compromise the integrity of
the pipeline system. Water treatment additives would be required to mitigate this risk. By
applying dry pre-commissioning, the potential risk of corrosion would be eliminated. Since
there would be no discharge of oxygen-depleted and treated water, potential impacts
associated with the discharge of test water would be avoided.

e Another significant benefit of the dry pre-commissioning option is that it allows for the
pipelines to be installed continuously and hence eliminates the need for subsea test heads
and subsequent subsea (hyperbaric welds) tie-ins. Only above-water tie-ins to connect
the shallow water sections in Germany and Russia would be required. The opportunity to
avoid subsea tie-ins eliminates a critical operation from the construction sequence.
Consequent environmental impacts are also eliminated, as the intervention works
necessary to construct large rock berms otherwise required to prepare the subsea tie-in
sites would not be required.

e In the case of dry pre-commissioning, a survey type vessel would be operating along the
pipeline route for one month (for each pipeline). This results in significantly reduced
emissions produced offshore compared with wet pre-commissioning. Wet pre-
commissioning would require a construction type vessel with a pumping spread on board
to operate at the subsea tie-in locations in Finland and Sweden for approximately six
weeks on each line. Additionally, a dive support vessel would be required to operate at
these locations for approximately four weeks on each pipeline during the hyperbaric
welding process that would be required to create a continuous pipeline.

e For the dry concept, there are marginally higher emissions in Germany associated with
the operation of compressors.

It should be noted that the onshore pipeline sections and PTAs are subject to conventional hydro-
testing. This is addressed in the following chapter.

Selection of the pipe-laying vessel

Pipeline installation for various sections of the pipeline route will be undertaken with two different
types of pipe-laying vessel: an anchored lay vessel and a DP (dynamically positioned) lay vessel.
The position of the anchored lay vessel is controlled by a mooring system that consists of up to
12 anchors, anchor wires and winches. DP vessels utilise thrusters to maintain their position,
which avoids the need for anchors and anchor-handling tugs. The selection of vessel type will
depend upon the following factors:

e Water depth (DP vessels are limited to deeper waters);
e Presence of munitions on the seabed;

e Presence of cultural heritage;

e Presence of shipping lanes.

DP vessels will be selected for, e.g., areas in the Gulf of Finland, where there is a high
concentration of munitions from World War I and World War II and where there is a risk of
anchors coming into contact with munitions. Utilisation of a DP vessel in these areas avoids the
munitions clearance activities required for a pipeline anchor corridor. Where NSP2 runs close to
other Baltic Sea pipelines, the selection of a DP lay vessel can reduce the risk of contact with
existing infrastructure. Conversely, in shallow waters, anchored lay vessels will be utilised as,
amongst other things, their use avoids the potential scouring of the seabed associated with DP
thrusters.

The final selection of the pipe-laying vessel type used in particular areas will depend on technical
and environmental considerations.
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Zero alternative

In the event that NSP2 is not constructed and operated in the Baltic Sea from Russia to
Germany, non-implementation would mean that there will be neither adverse nor positive
impacts from the project offshore, in the landfall areas or in the onshore ancillary areas. The
impacts of the zero alternative therefore can be confined to be the natural changes from the
baseline. As the construction of NSP2 is planned to last approximately two years,-this time frame
is used to define the period for natural changes in the environment from the baseline. During this
relatively short period of time no essential natural changes are expected to occur in the physical
and chemical environment in the Baltic Sea. Therefore no essential changes of the biological
environment can be foreseen.

Initially it should be emphasised that NSP2 has been designed to avoid or minimise
environmental and socio-economic impacts offshore and on land (landfall areas, ancillary areas).
Short-term and local environmental and socio-economic impacts, however, can be expected
along the route during the construction phase. Mitigation measures will be applied, and the
impacts are assessed to be minor and generally limited to the pipeline corridor in sea and on
land. The experience from the NSP project and the extensive monitoring carried out for NSP
supports this assessment. The zero alternative, however, will avoid these temporary, local and
minor adverse impacts and only natural changes are foreseen. In this context, it should be noted
that if the NSP2 project is implemented, positive impacts will occur regarding certain socio-
economic aspects. These positive socio-economic consequences, e.g. increase of employment
and other revenues, will not occur if the project is not to be realised.
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PROJECT DESCRIPTION

General

NSP2 involves the construction and operation of twin pipelines through the Baltic Sea. The
pipeline system will have the capacity to deliver 55 bcm of natural gas per year directly to the EU
market in an environmentally safe and reliable way for at least 50 years. The pipeline route will
stretch for some 1,200 km from the Baltic Sea coast in the Leningrad region of the Russian
Federation to a landfall near Greifswald in Germany.

Each of the pipelines will have a target capacity of 27.5 bcm per year and will require
approximately 100,000, 24 tonne concrete-weight-coated steel pipes to be laid on the seabed.
The pipelines will have an internal diameter of 1,153 mm (48 inches). Pipe-laying will be carried
out by specialised vessels handling the entire welding, quality control and pipe-laying process.

The construction of the pipelines is planned to be complete by the end of 2019. The system will
have an operating life of at least 50 years.

In Chapter 5 - Alternatives, the NSP2 planning and design philosophy was outlined and the
application of the principles of the mitigation hierarchy with regard to the landfall and route
selection in the various transit countries was described. The purpose of this chapter is to describe
the overall technical concept for the project and to detail the technical components and activities
that have been assessed in the national EIAs. The intention is to provide an overview of the key
technical elements of the project to orientate the reader and to provide more detail on aspects
that will be addressed in the assessment of environmental impacts in later chapters.

NSP2 is phased as follows:

e Planning and design phase, during which survey activities are undertaken;

e Construction phase for onshore, nearshore and offshore areas;

e Preparation and testing phase involving pre-commissioning activities;

e Commissioning phase, during which hydrocarbons are introduced into the pipelines;
e Operation phase for a design life of 50 years;

e Decommissioning at the end of the operating life of the pipelines.

The subsequent sections that follow in this chapter address the following topics:

e NSP2 scope and routing;

e Survey and engineering design;

e Munitions clearance;

e Installation logistics concept;

e Construction;

e Pre-commissioning and commissioning;
e Operation;

e Decommissioning;

e Schedule.

NSP2 scope and routing
Project scope

NSP2 comprises two, approximately 1,200 km, 48" diameter subsea pipelines and onshore
facilities at either end, Figure 6-1.
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Figure 6-1 NSP2 route and storage yards.

The NSP2 onshore facilities in Russia comprise a buried dry pipeline section of approximately
4 km to an above-ground facility, the PTA, comprising valves, monitoring and routine

maintenance equipment. The PTA is supplied pressurised gas from an upstream pipeline and
compressor station.

NSP2 onshore facilities in Germany comprise a buried pipeline section to an above-ground PTA
that is located adjacent to a gas receiving terminal and downstream pipeline system.

NSP2 project activities and facilities are categorised as follows:

e Core components, comprising facilities and activities that are under direct contractual
control of the NSP2 project. These are new facilities and activities that are assessed in the
EIAs with respect to both construction- and operations-related impacts.

e Ancillary components, comprising activities in third-party facilities that are used
exclusively for NSP2 project activities. These facilities are already in existence, are owned
by third parties and are not part of the core NSP2 project. Therefore they are assessed
with respect to operational impacts that occur during the construction phase of NSP2.

Upstream and downstream infrastructure, comprising activities and facilities outside of the NSP2
project, include the compressor station and feeder lines in Russia and the gas receiving terminal
in Germany. Third-party operators will construct, own and operate the upstream infrastructure in

Russia (Gazprom) and the downstream infrastructure in Germany (Gascade Gastransport, OPAL
Gastransport and EUGAL Gastransport).

Upstream and downstream facilities will be permitted through separate processes and associated
impacts will be assessed within these separate permitting processes.
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The facilities described above are listed in Table 6-1 below.

Table 6-1

NSP2 project facilities.

Category Elements

Core
components

e Twin 48" subsea pipelines extending some 1,200 km across the Baltic Sea

e Onshore facilities in Russia comprising an approximately 4 km pipeline section and a PTA
and site offices covering an area of approximately 6.1 ha

e Onshore facilities in Germany comprising an approximately 400 m pipeline section
including twin micro-tunnels and a PTA covering an area of approximately 5.6 ha

Ancillary
components

e Coating plants in Kotka, Finland, and Mukran, Germany
e Pipe storage yard at Karlshamn, Sweden

e Pipe storage yard at Kotka and Hanko, Finland

e Pipe storage yard at Mukran, Germany

e Interim storage of rock in Kotka, Finland

NSP2 project activities that give rise to potential impacts are listed in Table 6-2 and Table 6-3 and are

Table 6-2

the focus of the impact assessment sections in subsequent chapters.

NSP2 project core activities.

Core activities

Russia e Construction activities including:
- Munitions clearance;
- Pipe-laying (offshore and onshore);
- Seabed intervention works (dredging (pre-lay trenching) and backfilling, rock
placement);
- Infrastructure cross-over installations;
- PTA implementation;
- Transportation of materials and equipment to and from construction sites.
e Pre-commissioning and commissioning activities
e  Worker accommodation and temporary offices
e  Operation
Finland e Construction activities including:
- Munitions clearance;
- Pipe-laying (offshore);
- Seabed intervention works (rock placement);
- Infrastructure cross-over installations;
- Marine transportation of personnel, materials and equipment.
e  Operation
Sweden e Construction activities including:
- Pipe-laying (offshore);
- Seabed intervention works (trenching (post-lay trenching) and rock placement);
- Infrastructure cross-over installations;
- Marine transportation of personnel, materials and equipment.
e  Operation
Denmark | e  Construction activities including:
- Pipe-laying (offshore);
- Seabed intervention works (trenching (post-lay trenching) and rock placement);
- Infrastructure cross-over installations;
- Marine transportation of personnel, materials and equipment.
e  Operation
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Germany | e  Construction activities including:
- Munitions clearance (removal but no in situ detonation);
- Pipe-laying (offshore and onshore);
- Seabed intervention works (dredging (pre-lay trenching) and backfilling, rock
placement);
- Temporary marine soil storage and onshore spoil storage;
- Infrastructure cross-over installations;
- Tunnels;
- PTA implementation;
- Transportation of materials and equipment to and from construction sites.
e Pre-commissioning and commissioning activities
e  Worker accommodation and temporary offices
e  Operation

Project ancillary activities will be undertaken in existing third-party facilities where operations-
related activities for the NSP2 construction phase will be assessed.

The NSP2 project ancillary activities and the locations of activities are provided in Table 6-3.

Table 6-3 NSP2 project ancillary activities.
Russia ¢ None - all assessed as NSP2 core activities
Finland e  Operation of CWC plant at Mussalo Harbour, Kotka

e  Pipe storage yards at Mussalo Harbour and Hanko Koverhar
e Shipments from CWC plant to pipe storage yards

e Rock quarrying and transport to Mussalo Harbour

e Interim storage of rock in Mussalo Harbour, Kotka

Sweden e Operation of pipe storage yard at Karlshamn
e Potential storage of rock at Okarshamn and associated transport activities
e Potential operation of quarries in Sweden

Denmark . None - all assessed as NSP2 core activities

Germany | e Operation of CWC plant at Mukran
e Pipe storage yard at Mukran

e Transport (import) of gravel backfill material and rock material

Routing details

While routing through the Baltic Sea, the pipelines are independent from the existing NSP and
run parallel to NSP for a substantial distance (with a minimum separation distance of 350 m or
more for the deep water sections).

The pipeline route crosses the TW of Russia, Denmark and Germany and runs within the EEZs of
Russia, Finland, Sweden, Denmark and Germany.

An overview of the route is shown on Figure 6-1, with more detail provided on Atlas Maps PR-01
- 03 and in Chapter 5 - Alternatives.

Russian landfall

Land termination end (LTE) in Narva Bay area is the preferred location for the pipeline landfall in
Russia, subject to final approval by the Russian Federation authorities. The PTA is located
approximately 3,8 km inland from the LTE on fallow agricultural land. The 3,8 km dry section
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crosses the Kurgalksy Nature Reserve. The nearshore area of the Narva Bay option is
characterised by a gentle seabed profile.

For the shore crossing and onshore section, the base case method as described in Section 5.5 is
for a cofferdam and conventional open cut construction with the option of a reduction in working
corridor width for habitat sections that vary in type and environmental sensitivity.

Russian offshore sector

The Russian offshore section extends from the landfall at Narva Bay into the deeper waters of the
Gulf of Finland and passes between the Malyi Tyuters and Bolshoi Tyuters islands. The route runs
approximately from south-east to north-west.

Key characteristics of the Russian offshore sector include:

e Offshore pipe-laying at a water depth of 24-70 m and an overall length of approximately
114 km;

e Rock placement for pre- and post-lay freespan corrections, crossings of infrastructure,
in-service buckling mitigation and seabed preparation for hyperbaric tie-in (total volume
of rock placement of up to 900,000 m3);

e Presence of munitions with clearance required if rerouting is not feasible.

The route is characterised by generally low regional gradient for the first approximately 40 km
from the shoreline, with locally extensive and high relief rock/glacial till outcrops in the remaining
section.

Finnish offshore sector
Key characteristics of the Finnish sector include:

e Offshore pipe-laying at a water depth of 33-184 m and an overall length of approximately
378 km;

e Rock placement for pre- and post-lay freespan corrections, crossings of infrastructure,
in-service buckling mitigation and seabed preparation for hyperbaric tie-in with a
maximum total volume of rock of 1,950,000 m3;

e Presence of munitions with clearance required if rerouting is not feasible.

Immediately after NSP2 leaves the Russian sector and enters the Finnish sector, it crosses the
existing NSP. The route then turns west and runs through the Gulf of Finland in an approximately
north-east to south-west direction, remaining to the north of NSP and to the south of the limit of
Finnish TW within the Finnish EEZ.

The Finnish section of the route is characterised by highly variable conditions: there are areas of
very smooth seabed with very soft clay sediment, alternating with areas of rough seabed
comprised of coarse sediment, sand and outcropping bedrock.

Swedish offshore sector
Key characteristics of the Swedish sector include:

e Offshore pipe-laying at a water depth of 30-210 m and an overall length of approximately
512 km;

e Rock placement for freespan corrections, pipeline crossings and cable crossings with a
total rock volume of up to 900,000 m3;

e Post-lay trenching to bury the pipeline with a total trenched length of up to approximately
72 km for each pipeline;

e Munitions; clearance is not planned and rerouting will be undertaken as required (based
on munitions survey results).
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At the start of the Swedish sector the route turns south to follow the Baltic Sea Proper alignment
of NSP in an approximately north to south direction. In the northernmost part of the Swedish
sector, NSP2 runs to the north-west of the existing NSP. Approximately 50 km after entering the
Swedish EEZ, NSP2 crosses NSP and then continues running broadly in parallel to NSP but
remaining to the south-east.

The Swedish section of the route presents different seabed conditions. Sedimentary bedrock
forms the geological basement in the central Baltic Sea. However, this bedrock basement is
rarely detected along the Swedish section as there are long areas of smooth seabed comprised of
very soft clay interchanged with smaller areas where the surface is comprised of coarse material,
predominantly sand, gravel and glacial till. The northernmost and southernmost parts of this
section are dominated by very soft sediment on the surface, in combination with high undulating
seabed in the northernmost part and flat seabed in the southernmost part, while coarse sediment
dominates south-east of Gotland Island.

In the northernmost part of the Swedish sector, the route encounters the maximum water depth
of the NSP2 project, approximately 210 m. In the southernmost part of the Swedish sector, the
route encounters the minimum water depth of the NSP2 project (excluding landfalls),
approximately 30 m.

Danish offshore sector
Key characteristics of the Danish sector include:

e Offshore pipe-laying at an approximate water depth of 28-95 m and an overall length of
approximately 139 km;

e Rock placement for the NSP crossing with a total rock volume of up to 40,000 m3;

e Rock placement for potential above water tie-in of up to 20,000 m3;

e Trenching with an estimated total maximum length of 20.5 km for each pipeline;

¢ No conventional munitions present; objects assessed to be chemical munitions to be left
undisturbed and safety zones established around identified objects.

In the Danish section, the proposed NSP2 route runs south of NSP, following its same S-shaped
route to avoid crossing the area where anchoring and trawling are discouraged (due to the
presence of CWAs) and remaining to the east and south of Bornholm.

South-west of Bornholm, the NSP2 route crosses to the west of NSP and continues to the German
landfall while remaining to the north of NSP.

The Danish section of the route is mainly characterised by fine sediments, except close to
Bornholm where there is the presence of coarse sediments, possibly rock.

German offshore sector

The NSP2 route enters the German EEZ south-east of Adlergrund and runs in a south-south-west
direction towards the German continental shelf. The route continues in a south-west direction up
to the area of Landtief Tonne A. The nominal centre distance between the two pipelines in the
northern part of the German section is approximately 55 m. Because of the seabed conditions,
and in order to minimise the seabed intervention works, the pipelines are not routed strictly
parallel in a number of sections. This may result in distances between the pipelines of up to
75 m.

In the southern part of the German section, both pipelines are laid in a common trench with a
nominal centre distance of 6 m.
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Between the area of Landtief Tonne A and the Boddenrandschwelle, the route runs parallel to the
shipping lane Landtief. Near the Boddenrandschwelle, a large-diameter bend is introduced
towards west. After another redirection, the pipelines run in a south-west direction towards the
landfall. The landfall is located west of Lubmin Harbour. The length of the route in the German
sector is approximately 83 km.

Key characteristics of the German offshore section include:

e Offshore pipe-laying at a water depth of 18-28 m and an overall length of approximately
55 km;

e Shallow-water pipe-laying up to water depth of 17 m and an overall length of
approximately 28 km;

e Nearshore dredging and backfilling along a linear section of approximately 49 km;

e Rock placement volumes for above water tie-in, if required, of approximately 14,000 m3;

e Shore pull through twin micro-tunnels.

At the Lubmin 2 landfall, the route crosses the coast in a straight line from north-west to south-
east and terminates at the PTA within the confines of the onshore receiving terminal.

German landfall

The industrial area Lubmin in the vicinity of the former nuclear power plant Greifswald has been
identified as the preferred location for the German landfall and for the construction of the PTA
and the gas receiving station (GRS).

The shore crossing will be carried out by installation of two micro-tunnels. Each pipeline will have
one dedicated micro-tunnel starting onshore, at about 300 m from the shoreline. The micro-
tunnel exit points will be located in @ minimum of 2 m water depth, approximately 400 m from
the shoreline. The micro-tunnels will run underneath railway track, road, noise protection
embankment, forest belt, dunes area, beach and shallow water areas in front of the beach.

The overall length of each micro-tunnel will be approximately 700 m.

Survey

The engineering design of the pipelines, including the detailed routing, and the environmental
and social assessment of the potential impacts of the project rely on a large number of onshore
and offshore surveys that have been carried out and will be carried out throughout the design
and operations phases of the project.

Environmental, social and cultural heritage surveys are described in detail in the environmental
and social reports that have been prepared to support the permitting and financing processes.
These surveys are addressed in subsequent chapters of this document.

The engineering offshore survey programme gathered data on seabed conditions, topography,
bathymetry and objects such as wrecks, boulders, munitions, etc. and included the following
activities:

e Reconnaissance survey. Providing information on the preliminary pipeline route,
including geological and anthropogenic features. The surveys covered an approximately
1.5 km wide corridor, and various techniques were deployed including side-scan sonar,
sub-bottom profilers, swathe bathymetry and magnetometers.

e Geotechnical survey. Cone penometer and vibrocorer methods provided a detailed
understanding of the geological conditions and engineering soil strengths along the
planned route, which assisted in optimising the pipeline route and detailed design
including the required seabed intervention works to ensure long-term integrity of the
pipeline system.
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e Detailed geophysical survey. A 130 m wide corridor was surveyed along each pipeline
route utilising side-scan sonar, sub-bottom profilers, swathe bathymetry and
magnetometers. Detailed geophysical survey data assisted in more accurately defining the
routes after the preliminary engineering carried out on the basis of the reconnaissance
survey. This enabled all significant obstructions, geo-hazards and other potential
constraints to be detected and detailed profiles to be acquired along the centre line of
each planned pipeline.

e Munitions screening survey. A munitions screening (detailed gradiometer) survey is
carried out to identify unexploded ordnance (UXO) or CWAs that could endanger the
pipelines or personnel during the installation and operating life of the pipeline system.
This is accompanied by visual surveys and analysis as required.

e Anchor corridor survey. For sections where the pipelines may be installed using an
anchored lay vessel, a survey will be undertaken to ensure that there is a free anchoring
corridor for the lay vessel. The survey corridor will typically be between 800 m and 1 km,
on either side of the pipeline system, depending on water depth and the selected
anchored lay vessel. Potential munitions, geological features, cultural heritage objects and
environmental constraints that may interfere with the anchoring pattern of the pipeline
installation vessels will be identified and mapped. Visual surveys of identified cultural
heritage objects will be undertaken as required.

e Pipe-laying survey. This will be performed just prior to the commencement of
construction to confirm the previous geophysical survey and to ensure that no new
obstacles are found on the seabed. ROV bathymetric and visual inspection surveys will be
undertaken for theoretical pipeline touchdown points on the seabed.

e Construction support survey. A full survey spread equipped with multibeam sounders,
side-scan sonar, sub-bottom profilers, pipe tracker, magnetometers and ROVs will be on
standby during construction to perform touchdown monitoring and ad hoc survey
activities as required.

e As-laid survey. As-laid surveys utilising bathymetry and side-scan sonar measurements
and visual inspection by ROV will be performed once the pipelines have been laid on the
seabed to establish the as-laid position and condition of the pipelines.

e As-built survey. As-built surveys will be conducted as a final record of pipeline
installation after all pipeline construction activities are completed to confirm that the
pipelines have been installed correctly as designed, including trench depths and the
extent of backfill and rock placement.

e Onshore surveys. Topographical surveys (LIDAR) have been undertaken at the two
landfall locations of the pipeline system. Activities include geotechnical investigations to
determine soil conditions, groundwater levels and soil permeability with the purpose of
establishing foundation requirements for civil structures, dewatering requirements for
trenching activities, trench and micro-tunnel constructability and suitability of the soil for
backfilling the trench. Geophysical investigations are also being undertaken to determine
soil stratigraphy and the potential presence of UXO or cultural heritage objects.

Engineering design

The design of NSP2 largely benefits from previous experience from the design and construction of
the existing NSP, which has allowed for efficient planning through the use of first-hand
knowledge and consideration of lessons learned.

The development of the technical design was and continues to be an ongoing and iterative
process in which input from investigations of the route corridors, basic engineering, stakeholder
consultation, environmental and social impact assessments and regulatory review are
continuously used to optimise the design. Therefore minor changes to the description below may
be made during the detailed design period. However, these modifications will not change the
environmental performance, i.e. result in new environmental impacts or impacts that are worse
than those set out in this document.
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Technical specifications
The pipelines will be divided into three pressure segments.

Table 6-4 Design operating conditions and technical specifications of NSP2.
Property Value (range)
Throughput 55 becm/y (27.5 bem per annum per pipeline)
Gas dry, sweet natural gas
Design pressure KP 0 - KP 300: 220 bar

KP 300 - KP 675: 200 bar
KP 675 - KP 1,225: 177.5 bar

Design temperature +40°C max

Operating temperature -10°C min

Pipeline inner diameter 1,153 mm

Pipeline wall thickness 34.6 mm, 30.9 mm and 26.8 mm (depending on the pressure range)
Buckle arrestor thickness 41.0 mm and 34.6 mm

Internal flow coating Low solvent epoxy, roughness Rz <=5 pm, 90 pm minimum thickness
External corrosion coating Three-layer polyethylene of 4.2 mm minimum thickness

Concrete coating thickness | 60 mm to 110 mm, 2,250 kg/m? to 3,200 kg/m?

and density

Corrosion protection anodes | Zinc-based anodes in low-salinity areas, aluminium anodes in other areas

To prevent damage to the pipelines as a result of buckling during installation when the pipelines
are empty, buckle arrestors (pipe reinforcement) will be installed at specific intervals in
susceptible areas. Buckle arrestors are full-length pipe joints with over-thickness that are
installed in deep water sections with typically 927 m separation. The buckle arrestors are made
of the same steel alloy as the pipelines and are machined at each end down to the wall thickness
of the adjacent pipes to allow welding offshore. The material requirements and properties for the
buckle arrestors are generally the same as for the line pipe.

Standards, verification and certification

The pipelines will be designed, constructed and operated in accordance and in compliance with
the international offshore standard DNV OS-F101, Submarine Pipeline Systems, along with its
associated recommended practices, issued by DNV GL.

Nord Stream 2 AG has appointed DNV GL as an independent third-party expert to confirm that
the pipeline system, from pig trap to pig trap, has been designed, fabricated, installed and
pre-commissioned in accordance with the applicable technical, quality and safety requirements.
When DNV GL has completed third-party verification of all project phases and the pipeline system
has been successfully pre-commissioned, a DNV GL certificate of conformity will be issued for
each of the NSP2 pipelines.

In addition to the above, the Russian and German authorities, within the respective territorial
areas of competence, will independently verify the integrity and safety of the pipelines.

Materials and corrosion protection
Line pipe
The pipelines will be constructed of steel line pipe with an average length of 12.2 m. The pipes

will be welded together in a continuous laying process.

The line pipe will be internally coated with an epoxy-based material to reduce hydraulic friction,
thereby improving the natural gas flow conditions.
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An external three-layer polyethylene (3 layer PE) coating will be applied over the line pipe to
prevent corrosion. This coating consists of an inner layer of fusion-bonded epoxy (FBE), a middle
adhesive layer and a top layer of polyethylene, Figure 6-2.

Internal pipeline coating.
[Schematic representation)

1. Anti-friction, epoxy-based

1010

Three |EI"fEI' anti-corrosion
coating (3 Layer PE).
(Schematic representation)

2. Fusion Bonded Epoxy.
3. Co-polymer Adhesive.
4. Extruded Paolyathylenea.

Concrete Weight Coating
(Schematic representation)

5. Steel Reinforcing Cage.
6. Concrete Coating

Figure 6-2 Line pipe design. Schematic representation of line pipe external anti-corrosion coating
and concrete weight coating.

CWC containing iron ore will be applied over the external anti-corrosion coating. While the
primary purpose of the CWC is to provide on-bottom stability of the pipelines, it will also provide
additional external protection against external impacts. The concrete comprises of a mix of
cement, water and aggregate (inert solid material such as crushed rock, sand, gravel). The CWC

Espoo Report W-PE-EIA-POF-REP-805-040100EN



Page 86 of 642

will be reinforced by steel bars welded to cages. Iron ore aggregate will be added to increase the
density of the weight coating. The cement used for the concrete will be a Portland cement

suitable for marine use, Figure 6-2.

Phase 1 - Heat Shninkable
Sleeve (HS3) is applied on

the welded section to prevent
carrosion of pipe portions left

weld the pipe joints together.

uncoated to allow wealders to

1. Heat Shrinkable Sleeve

Phase 2 - A carbon steel or
palyethylens former will be
installed around the field
jaint. These sheets are
secured by carbon steel and
CRA straps.

2. Carbon steelipolyethylens
former.

3. Carbon steel straps.

4. CRA straps.

Phase 3 - Two-component
palyurethane foam will ba
injected into the void between
the HSS and the former
through a port on top of the
former. The foam will rise and
cura to fill the joint volume.
The field joint coating will be
flush with the concrete
coating, so it will be applied
over a thickness equal to the
concrele thickness at each
section,

5. Foam injection port,

Figure 6-3 Schematic representation of field joint coating.

At the field joints a heat-shrink sleeve (HSS) will be applied to provide corrosion protection over
the bare metal section, and high density foam will be applied as joint infill material to fill the gap

to the outer diameter of the CWC, Figure 6-3.
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Cathodic protection (sacrificial anodes)

In addition to the external anti-corrosion pipe coating, secondary
anti-corrosion protection will be provided by sacrificial anodes of a galvanic material to ensure
the integrity of the pipelines over their operational lifetime. This secondary protection will be an
independent system that will protect the pipelines in case of damage to the external
anti-corrosion coating.

The performance and durability of different sacrificial anode alloys in Baltic Sea environmental
conditions were evaluated with dedicated tests for the construction of NSP. The tests showed that
the salinity of seawater has a major effect on the electrochemical behaviour of aluminium alloys.
In the light of the test results, zinc alloy is foreseen for sections of the pipeline route where there
is very low average salinity (Russia, Finland and part of Sweden). For the remaining sections,
indium-activated aluminium will be used.

The anodes will be spaced 7-12 line pipes apart. The number of anodes to be installed in each
country and the corresponding quantities of aluminium and zinc alloy are listed in Table 6-5.

Table 6-5 Number of anodes (two pipelines) to be installed in each of the five countries of origin.
The quantities are approximate and subject to final optimisation.

Anode type Russia Finland Sweden Denmark Germany
Zinc (n) 1,920 2,788 781 0 0
Aluminium (n) 0 2,854 7,834 2,508 1,778

Total materials used
The expected material consumption required for the pipeline sections in each of the five countries
of origin is summarised in Table 6-6.

Table 6-6 Summary of material consumption in the countries of origin. Quantities are approximate
and subject to final optimisation.

Material Russia Finland Sweden Denmark Germany Total
Total length of two 228 756 1,024 278 168 -
pipelines (km)
Steel (t) 230,900 723,500 844,510 217,700 131,660 2,148,270
(including buckle
arrestors)
Concrete weight 224,500 757,800 1,069,620 320,200 206,820 2,578,920
coating (t)
Anodes 1,703 2,472 896 0 37-45 5,108-5.116
Zinc (t)
Anodes 0 885 2,642 1,000 733-742 5,260-5,269
Aluminium (t)

Pipeline intervention works on the seabed
The pipelines will be subject to challenging metocean and operating conditions that will lead to
the need for intervention works on the seabed aimed at addressing design criticalities such as:

e Pipeline static overstress due to seabed unevenness;

e Pipeline freespans exceeding allowable fatigue limits;

e Pipeline instability due to pressure and temperature loads (in-service buckling);

e Pipeline instability on the seabed due to waves and current loads;

e Pipeline interaction with iceberg keels during the winter season in shallow-water sections;
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e Pipeline interaction with ship traffic;
e Requirement to create structures for crossing of existing facilities on the seabed (cables
and pipelines).

Gravel supports (rock berms) are used for freespan sections and at crossings points for existing
facilities.

Gravel supports may be engineered as pre-lay or post-lay intervention works, depending on the
specific needs of the pipeline system.

)
i
1

Figure 6-4 Typical spot rock berms.

Pipeline instability on the seabed due to wave and current loads is also typically mitigated by
trenching (generally for longer sections, e.g. tens of kilometres) or rock placement (generally for
shorter sections). The trenching operation may be performed pre-lay (by means of dredging,
typically in shallow area) or post-lay (by means of post-lay trenching tools, e.g. ploughing tool).
As an alternative to pipeline trenching, the stability of the pipeline can be guaranteed by
installation of spot rock berms to keep the pipeline in the as-laid position.
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6.4.4 Russian landfall
The preferred landfall in Russia is located at Narva Bay on Russia’s southern Baltic Sea shoreline
and comprises an onshore pipeline section, PTA. Upstream facilities include feeder lines and a
compressor station as depicted in Figure 6-5.
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Figure 6-5 Onshore facilities in Russia.

The onshore pipeline will be buried, and the permanent above-ground facilities at the PTA will
include pipeline pig launchers; isolation, shutdown and blow-down valves; a vent and blow-down
system; pressure and temperature transmitters; gas flow meters; utility systems; and
automation and telecommunications room equipment (Figure 6-6).

Espoo Report W-PE-EIA-POF-REP-805-040100EN



Figure 6-6

6.4.5 German landfall

3D view of NSP2 PTA in Russia.
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At the German landfall, NSP2 terminates at the receiving terminal. The receiving terminal
comprises the PTA and the GRS. The PTA forms part of NSP2, while the GRS will be planned, built
and operated by the downstream operator.
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Figure 6-7

Onshore facilities in Germany.

The main facilities of NSP2 at the German landfall include:

e Pipeline pig receivers;

Isolation, shutdown and blow-down valves;
Vent and blow-down system for PTA;
Blow-down system for 48" pipelines;
Pressure and temperature transmitters;
Gas meters (non-fiscal);

Automation and telecommunication room (SCADA, telecoms, etc.), including a distributed

server/client architecture for local operation;

Electrical equipment rooms (switchgear, UPS, batteries, etc.);

Security access system.
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Figure 6-8 3D view of NSP2 PTA in Germany.

Installation logistics concept

Large-scale offshore pipeline construction works require considerable support from onshore
support facilities, such as weight-coating plants and pipe storage yards. In addition to weight
coating and storage of line pipe, the support facilities will provide general storage for the supply
of consumables to the offshore fleet and managerial support for NSP2 and its contractors.

In order to achieve a safe and smooth supply chain, the NSP2 project plans on using onshore
facilities comprising two weight coating plants in Kotka, Finland, and Mukran, Germany, and four
pipe storage yards located in Finland, Sweden and Germany as shown in Figure 6-1. However,
the logistics concept is subject to further optimisation, and Nord Stream 2 AG is currently
investigating the possibility to use the Freeport of Ventspils in Latvia as an additional pipe
storage yard.

Logistics concept
The logistics concept has been developed specifically for the project and includes:

e Transport of anti-corrosion coated pipes and CWC materials to the CWC plants;

e Transport of weight-coated pipes to the storage yards;

e Transport of weight-coated pipes to the lay vessels from the CWC plants and storage
yards;

e Transport of material for rock placement from quarry to rock placement location.

A primary focus in the development of the logistics concept has been on minimising
environmental impacts (onshore and offshore) and reducing costs. Preparation of the facilities will
comply with national legislation and requirements and will be subject to independent, national
permitting. Information about onshore facilities, however, is included here to give a better
overview of the project logistics.

Weight coating plants and pipe storage yards

The choice of locations for the weight-coating plants and pipe storage yards is based on thorough
analysis of a wide range of factors to minimise onshore and offshore transportation requirements,
thereby minimising environmental impacts.

Nord Stream 2 AG and its contractors selected four locations from a shortlist of harbours located
throughout the Baltic Sea region. The feasibility of these harbours has been evaluated based on
factors such as distance to pipe-fabrication sites, train connections and other infrastructure,
water depth in the harbour, other industrial use of the site and distance to the pipeline route,
mainly to reduce transportation distances on all levels.
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The line pipe logistics will be based on utilisation of existing ports within the Baltic Sea area. The
port of Hamina Kotka (Mussalo) in Finland will serve as the weight-coating location and pipe
storage yard for the eastern pipe route. The port of Mukran in Germany will serve as the weight-
coating location and pipe storage yard for the western part of the route. Two additional ports will
serve as pipe storage yards along the route:

e Hanko-Koverhar in Finland;
e Karlshamn in Sweden.

Line pipe will be produced at pipe mills in Russia (55%) and Germany (45%). At the mills, the
line pipe will be internally coated with flow coating and externally coated with anti-corrosion
coating before being transported to CWC plants in Kotka in Finland and Mukran in Germany.

Pipes will be transported directly by train from the manufacturing sites to the CWC plants and will
be stored in stockyards close to the CWC plants and subsequently transported to the plants,
where the steel cage reinforced CWC will be applied. CWC materials, such as cement and
aggregate, will also be supplied to the CWC plants from mainly local sources and transported by
vessel, train or, over short distances, truck.

After weight coating, the line pipes will be stored again, close to the CWC plant. From Kotka, they
will be transported directly to the lay vessel or to the storage yard in Hanko-Koverhar. From
Mukran, they will be transported directly to the lay vessel or to the storage yard in Karlshamn,
which is closer to the middle section of the pipeline route, to minimise the sailing distance to the
pipe-laying vessels.

In case that Ventspils would be used as an additional pipe storage yard, it would receive weight-
coated pipes by rail from Russia (approx. 20,000 pipes) and by coaster vessels from Kotka
(approx. 12,800 pipes). From Ventspils the pipes would be transported with pipe supply vessels
to the lay vessels when in Swedish and Finnish waters. This would consequently mean that
corresponding fewer pipes would be transported from Hanko and Kotka to the pipe-laying vessels
than shown in Figure 6-9.

Offshore pipe supply

The offshore pipe supply to the pipe-laying barges will be by means of pipe supply vessels. Load-
out activities in all ports will be in parallel with the construction work for both pipelines.
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Pipe Load Out and Logistics Chain
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Figure 6-9 Concept for the pipe load-out and logistics chain.

Transportation of rock placement material

Rock material for seabed intervention works will be extracted from third-party owned and
operated quarries that may be in Finland or elsewhere in the Baltic Sea region, as the majority of
rock material required for the pipelines will be used for seabed intervention works in the Gulf of
Finland.

The crushed rock will be transported to the loading port. It is assumed that the transport to the
loading port will be done by trucks. The load capacity of the trucks is approximately 40 tonnes.

Previous experience shows that 13-15 trucks may be used for transportation. Working hours are
difficult to estimate, but 16 hours per day, five to six days per week, is possible.

Upon arrival at Mussalo Harbour, the crushed rock will be stored on the quay. The amount of rock
in storage may be up to 25,0000 tonnes (160,000 m?*). The loading will be done directly from the
quay using one or more conveyors. The assumed loading speed will be between 1,000 and 2,000
tonnes per hour. The vessels will be moored for half a day to one day during loading.

Construction offshore

The construction methods and construction philosophy will generally be similar to those of NSP.
Project pipeline scenarios were defined and have been analysed for typical offshore pipe-laying
vessels. All of the route options have a water depth of less than 210 m, and the pipelines can be
safely laid at these water depths.

Munitions clearance

The Baltic Sea is an area with a history of significant strategic naval importance. The legacy of
World War I and World War II is the presence of conventional and chemical munitions. The
estimated number of mines laid in the Baltic Sea is over 170,000. Many of these have been
cleared during the years, but many tens of thousands of mines may remain in the Gulf of Finland.
In addition to the strategically placed mines, remnants of marine warfare such as torpedoes,
artillery shells and air dropped bombs can be encountered.
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The pipeline route will be optimised on the basis of survey results to avoid munitions to the
extent possible. Nord Stream 2 AG will apply the following mitigation hierarchy to munitions
clearance:

e Avoidance through localised rerouting where feasible;

e Clearance involving relocation of munitions where feasible and safe;

e For munitions that cannot be safely moved, detonation in situ with appropriate mitigation
in place.

In Sweden, rerouting will be undertaken for any identified munitions. Munitions clearance
involving in situ detonation on the seabed is not planned in Sweden.

In Germany, munitions will be visually inspected and cleared in close cooperation with the
authorities. Pipelines will only be re-routed if munitions are unsafe to move. In situ detonation is
not permitted in Germany.

Due to the density of munitions within the Gulf of Finland, avoidance through localised rerouting
will not be possible in all cases. Consequently, munitions clearance will be required prior to
construction. In Finland, munitions clearance is a permitted project activity and is assessed
accordingly in the Finnish EIA.

In Russia, all munitions clearance is performed by and is the responsibility of the Russian navy.
To the extent that is legally possible in Russian waters, Nord Stream 2 AG will endeavour to
influence the manner in which clearance is undertaken and the application of mitigation for
impacts on marine mammals.

The collective navies of the Baltic States have developed methods that are effective for the
clearance of mines and other explosive underwater ordnance on the seabed of the Baltic. During
NSP, clearance works were carried out by a disposal vessel with a munitions disposal team on-
board. In addition, a work boat supported the operations and an ROV was used for several tasks,
including:

e Relocation of munitions that could be safely moved;

e For munitions that could not be moved, survey of the munitions and seabed at the
detonation site prior to detonation;

e Placement of the donor charge near the munitions in position for demolition;

e Confirmation of the demolition as well as scrap and equipment recovery after the
detonation;

e Survey of any sensitive receptors near the munitions prior to and after the detonation.

The donor charge installed by ROV was fired once it was certain that there was no third-party
shipping in the area.

Several measures were implemented to mitigate and monitor impacts on marine mammals,
diving seabirds and fish. Visual observations were performed by marine mammal observers from
one hour before the detonation to one hour after the detonation. A sonar survey to identify any
fish shoals in the area was carried out by the work boat, and a passive acoustic monitor was
deployed into the water column to record any vocalisation by marine mammals prior to
detonation. In addition to observations, four acoustic deterrents (seal scrammers) were deployed
and activated prior to detonations, and a small charge was detonated before firing the main
donor charge to frighten away any seals or fish from the area. Figure 6-10 shows a typical
example of the mitigation array used during NSP.
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Figure 6-10 Layout of monitoring and mitigation equipment during munitions clearance for NSP.
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In addition to the munitions clearance methods and mitigation techniques implemented for NSP,
an assessment of alternative clearance methods and mitigation techniques is being undertaken
for NSP2 to reduce the impact associated with underwater noise from in situ detonation. This
study considers the munitions cleared during NSP as the munitions baseline. In general, the
viability of alternative methods depends on the type and condition of the munitions and requires
a risk assessment. Therefore the initial study will be complemented with a detailed assessment
based on the findings of the NSP2 munitions surveys.

Pipe-laying offshore

Pipeline installation will be carried out by lay vessels adopting the conventional S-lay technique.
This method is named after the profile of the pipe, which forms an elongated 'S’ as it moves
across the bow or stern of the lay vessel and onto the sea floor (see Figure 6-11). Individual pipe
joints will be delivered to the lay vessel, where they will be assembled into a continuous pipeline
and lowered to the seabed.

The process on board the lay vessel comprises the following general steps, which take place in a
continuous cycle: welding of pipe, non-destructive testing of welds, field joint protection against
corrosion and pipe-laying on the sea floor.

Both pipelines will be constructed in several continuous sections for subsequent interconnection.
Temporary cessation of continuous laying of the pipelines may also become necessary if weather
conditions make positioning difficult or cause too much movement within the system. The
average lay rate is expected to be in the order of 2-3 km per day, depending on weather
conditions, water depth and pipe wall thickness.
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Figure 6-11 The S-lay pipe-laying vessel and survey support vessels.

Pipe-laying will be carried out by either anchored or DP lay vessels.

Anchored lay vessels deploy anchors that interact with the seabed, thereby causing localised
seabed disturbance. The position of the anchored lay vessel is controlled by a mooring system
that consists of up to 12 anchors (weighing up to 25 tonnes each), anchor wires and winches.
Independent, anchor-handling tugs place the anchors on the seabed at predetermined positions
around the lay vessel to move the lay vessel forward and ensure tension can be maintained on
the pipelines during laying. A typical anchor pattern is shown in Figure 6-12.
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Figure 6-12 Anchor patterns on the seabed as the lay vessel moves forward.

A DP vessel is kept in position by thrusters that constantly counteract forces acting on the vessel
from the pipelines, waves, current and wind. Pipe-laying with a DP vessel will not disturb the
seabed. A lay vessel such as the Castoro-Sei (or similar) may be used to lay the pipelines in the
deep water sections.

The Castoro-Sei (Figure 6-13) is a semi-submersible pipe-laying vessel with an anchor holding

system. The vessel can lay large-diameter pipe with a maximum diameter of 1,524 mm (60
inches), including the weight coating.
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Figure 6-13 Castoro-Sei pipe-laying vessel.

A typical DP vessel is the Allseas Solitaire, which was used to install the first 350 km of NSP in
Russian and Finnish waters, see Figure 6-14.

Figure 6-14 Typical DP vessel - Allseas Solitaire.

Information about the position of a DP vessel is communicated from special sensors on the ocean
floor, and a computerised system automatically employs the thrusters when it is necessary.

Additionally, satellite communications and weather and wind information are transmitted to the
computer system, further helping it control the movements of the vessel. Using this information,
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the computer automatically engages the thrusters to overcome any changes in the location of the
vessel.

Seabed intervention works

Despite the extensive route optimisation carried out, the need for seabed preparation and
modification cannot be avoided completely. Such seabed intervention works are traditionally
carried out by pre- or post-lay trenching or by gravel or rock placement but may also involve
additional structures.

In general, the seabed intervention works for the entire pipeline system will be carried out in
three phases:

e Phase 1, comprising intervention works to be carried out before pipe-laying;

e Phase 2, comprising intervention works to be carried out after pipe-laying but before
pressure testing;

e Phase 3, comprising intervention works to be carried out after pressure testing.

The anticipated seabed intervention works are summarised in Table 6-7. It should be noted that
volumes may change during the final detailed design phase and following pipeline installation,

when the actual extent of post-lay intervention works will be finalised.

The anticipated seabed intervention works for the route are shown in Atlas Map PR-02-Espoo.

Table 6-7 Summary of intervention works covering both pipelines - approximate maximum
volumes.

Russia Finland Sweden Denmark Germany

Rock placement

Stress freespan correction 116,860 1,410,000 583,400 0 0

(m?)

In-service buckling 656,735 390,000 0 0 0

mitigation (m?)

On-bottom stability (m?) 0 0 193,000 0 13,785

Pipeline crossings (m®) 0 40,000 10,190 40,000 0

Above water tie-in (m?®) <44,000/1* 0 0 <20,000/1* | 0-<39,000/3*

Hyperbaric tie-in (m?) 0 (80,000- (80,000- 0 0
110,00)! 110,000)!

Total (approx. m?®) 820,000 1,950,000 900,000 60,000 53,000

Trenching (post-lay trenching)

Total length (km)/number 0 0 144/12 41/6 0

sections

Total volume (m?) 0 0 896,909 254,000 0

Dredging (pre-lay trenching) of open cut base case in Russia (common trench and cofferdam

offshore) and dredging in Germany

Total length (km) 3.32 n/a n/a n/a 49.5°

Total volume (m?) 205,000 n/a n/a n/a 2,500,000

Dredging (for micro-tunnel option in Russia)

Total length (km) 2.82 n/a n/a n/a n/a

Total volume (m?) 475,000 n/a n/a n/a n/a

1: Not applicable if dry pre-commissioning.

2: Common trench

3: 20.5 km separate trench, 29 km common trench

4: Amount of rock for above water tie-in/number of potential locations of above water tie-in.
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Trenching (post-lay trenching)

The offshore installation of the pipelines in some areas (especially in shallow waters) requires
additional stabilisation and/or protection against hydrodynamic loading (e.g. waves, currents),
which can be obtained by trenching the pipelines into the seabed. Pipeline installation in a pre-lay
excavated trench is the preferred trenching method in these shallow water areas.

Post-lay trenching is the most widely used trenching method in deeper water. Post-lay trenching
requires excavation only immediately underneath a pipeline, whereas pre-trenching involves
excavation over a much larger width to allow for installation tolerances.

Typically, post-lay trenching can be carried out in minimum water depths of 15-20 m and up to a
trench depth of approximately 1.5 m.

Post-lay trenching will be carried out using a pipeline plough (see Figure 6-15) deployed onto the
pipelines from a vessel located above the pipelines. The pipelines will then be lifted by hydraulic
grippers into the plough and supported on rollers at the front and rear ends of the plough. The
rollers will be equipped with load cells to control the loading onto the pipelines during trenching.
A tow wire and control umbilical will be connected to the plough from the vessel, which will pull
the plough along the seabed, laying the pipelines into the ploughed trench as the plough
advances. Post-lay trenching by ploughing is referred to as trenching in the following.

Typically, the vessel is capable of pulling the plough independently, although assistance from
another vessel may occasionally be required, depending on the overall tow force generated.

Figure 6-15 Pipeline plough in operation on the seabed.

The excavated material displaced from the plough trench (also known as spoil heaps) will be left
on the seabed immediately adjacent to the pipelines. Partial, natural backfilling will occur over
time as a result of currents close to the seabed.

Forced or artificial backfilling will be undertaken in areas where active protection is necessary.
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Dredging (pre-lay trenching)

At the landfalls in Russia and Germany, the pipelines will be buried entirely in the seabed to
ensure that coastal sediment transport mechanisms will not affect their stability. The linear
distance of the buried pipelines offshore in Russia is approximately 3.3 km, where a common
trench will be utilised.

In Germany, 49.5 km of the pipelines will be buried in a combination of common and single
trenches. The main reason for trenching in German shallow waters is to protect the pipelines
against impact (mostly from ship or anchor collision).

Dredging by pre-lay trenching will be undertaken with a variety of dredger types.

A backhoe dredger will be used in shallow waters. The backhoe dredger deposits the seabed
material in a self-propelled splitter hopper barge (Figure 6-16), which transports the material to a
pre-determined soil storage area on the seabed.

The trailer suction hopper dredger dredges the soil using the suction pipe equipped with a trailing
head on its bottom end, which is slowly pulled along the seabed. It can be used at greater depths
than the backhoe dredger. The operating draft of these vessels typically ranges from 5 m for the
smaller vessels up to 8-10 m for the larger vessels.

Figure 6-16 Backhoe dredger with splltter hopper barge moored alongside (rlght)

In Russia, the excavated material will be removed, either side casted or stored temporarily
outside the 10 m isobaths, outside the marine protected area, and used for backfill. In Germany,
the excavated material will be removed, and if considered suitable for backfilling, stored
temporarily and used for trench backfilling. Unsuitable soil will be disposed onshore.

Rock (gravel) placement

Rock placement is the use of unconsolidated rock fragments graded in size to locally reshape the
seabed, thereby providing support and cover for sections of the pipeline system to ensure its
long-term integrity. The rock material is placed on the seabed by a fall-pipe (see Figure 6-17).
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Rock placement will be adopted as the main intervention method for freespan correction and will
use material extracted from quarries on land. The types of rock placement works that are
envisaged for seabed intervention include gravel supports (pre-lay and post-lay) and gravel cover
(post-lay) in discrete locations.

To prepare the seabed for pipe-laying, the entire route will be surveyed beforehand. Gravel
berms will then be strategically placed in order to support the pipelines in areas of high seabed
relief, to serve as basement structures at tie-in and pipeline crossing areas, and to stabilise the
pipelines where required.

Figure 6-17 Rock placement on the seabed through a fall-pipe.

Crossings of infrastructure (cables and pipelines)

The pipeline route corridor options cross power and communications cables (existing and
planned), the two existing NSP pipelines and in future may cross the Baltic Pipe and Baltic
Connector pipelines.

As successfully done for NSP, it is envisaged to develop specific crossing designs for each cable
crossing, typically consisting of concrete mattresses and/or gravel, which will be agreed with the
cable owners. Crossing of pipelines was not a consideration during NSP. A crossing design
according to established industry practice, e.g. as implemented in the North Sea, will be
developed and agreed on for NSP2. An example of the design of a cable crossing is shown in
Figure 6-18.
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Figure 6-18 Typical cable crossing layout. Cable (black dotted line) is under the mattresses

Above-water tie-ins

When pipe laying is complete and prior to pre-commissioning activities, the final tie-ins or joins
between the offshore pipelines and the onshore sections in Russia and Germany will be
performed as ‘golden’ welds.

A further two above-water tie-ins (AWTIs) have been planned as an option in German waters,
one of which may be performed in the vicinity of the Germany and Danish EEZ borders with the
precise location to be determined. The pipeline system will then be complete from pig trap to pig
trap.

AWTIs will be carried out by a specific lay barge positioned over the tie-in location. Each pipe
section will be lifted sufficiently clear of the water and suspended alongside the barge and welded
together. Once tested, the pipe will be lowered to the seabed. The locations of the AWTIs will be
confirmed following the selection of the pre-commissioning option.

Waste generation offshore

Waste and garbage streams will be separated at the source and stored in designated containers
on the lay vessel for metals, sand, sludge oil, chemicals and domestic waste. Waste containers
will be secured by strap-down covers in order to prevent pollution of the sea. From the lay
vessel, the waste will be shipped by supply vessels to ports in Finland, Sweden and Germany. At
the ports, the waste will be transferred to skips and transported to licensed waste contractors
and treated in compliance with local legislation.

The distribution of the offshore waste fractions from NSP is shown in Figure 6-19.
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Figure 6-19 Waste fractions from pipe-laying vessels during NSP.

Concrete and flux

The majority of the waste generated by the pipe-laying vessel is derived from the concrete
coating of the pipes. Concrete and flux comprise approximately 46% of the generated waste.
Concrete waste is typically reused in road construction.

Metals

Metals comprise another large fraction of the generated waste and primarily comprise metal
scraps from end millings from the bevelling and welding processes. On the basis of experience
from pipe-laying for NSP, approximately 115 tonnes of metal scraps can be expected per month
of pipe-laying. Metals comprised approximately 25% of the generated waste. Metal waste is
recycled.

General/domestic (combustible)

Mixed waste containing plastic, paper, cardboard and food waste is generated as part of
household processes and living quarters. This fraction comprises approximately 23% of the
generated waste. Organic and biodegradable waste may be incinerated on site before being sent
to shore for controlled disposal.

Chemicals and other hazardous waste

Hazardous waste consists of greases, other oils, contaminated materials, paints, light tubes,
electronic waste, etc. Findings from NSP showed that hazardous waste comprises approximately
3% of the generated waste and approximately 25 tonnes of waste oil and sludge can be expected
per month of pipe-laying. Hazardous waste is transferred to licensed hazardous waste
companies.

Plastic

The majority of plastic waste from the pipe-laying process is generated as the protective sheet
from the pipes is removed from the adhesive layer prior to installation. Plastic comprises 2% of
the waste generated at the lay vessel.
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The amount of HSS cut-offs is negligible, as these sheets are ordered at lengths specific to the
NSP2 project. Spills from the polyurethane infill from field joint coating are also expected to be
minimised due to process optimising.

Wood
Pallets from materials for the pipe-laying process and household materials have been reported to
comprise approximately 1% of the waste generated at the lay vessel.

Waste generation onshore

Waste and garbage streams from construction and operation activities at the onshore sections in
Russia and Germany will be separated at the source. All waste will be handled and disposed of in
full compliance with the local requirements.

Construction at the landfalls

Landfall Russia
A number of construction activities will be carried out in the landfall areas in order to bring the
offshore pipelines ashore and create the onshore facilities.

NSP2 will start at the PTA in Russia. From the PTA, NSP2 will run to the edge of the Baltic Sea in
an underground configuration and thereafter will continue underground further into the nearshore
area. After several kilometres in the sea, the pipelines will emerge from the seabed and continue
lying unburied, on top of the seabed, to the Finland border.

The two pipelines will be spaced approximately 20 m apart in the onshore area and
approximately 100 m apart in the offshore area. On the inland side of the PTA, NSP2 will be
connected to an upstream pipeline system. The key elements of NSP2 at the Russian landfall are:

e Workers camp, PTA and laydown areas (temporary development footprint of
approximately 42 ha);

e PTA (permanent facility of approximately 6.1 ha);

e Conventional open-cut constructed pipeline section extending approximately 3,800 m
towards the shoreline from the PTA and requiring a working corridor of 85 m;

e Construction of a causeway and cofferdam, which transitions into a trench that extends
approximately 3.3 km offshore;

e Construction traffic from Ust Luga Port (approximately 40,000 heavy vehicle
movements);

e Duration of construction (approximately 2 years);

e Pre-commissioning of onshore facilities;

e Simultaneous construction of upstream compressor station and feeder lines;

e Nearshore dredging and backfilling (linear extent of approximately 3 km);

e Shore pull (pipeline pull from offshore lay vessel to shore).

A causeway and cofferdam are required because vessel-based dredgers operate to a minimum
water depth of 2.5-3 m; therefore land-based trenching equipment is deployed in the very
shallow nearshore area. The key elements of the causeway and cofferdam are as follows:

e Causeway dimensions (from shoreline): approximately 300-500 m length x 22 m wide x
4 m high (above sea level).

e Cofferdam (created in centre of causeway): 10 m trench width with 6 m wide road on
either side of the sheet piled walls of cofferdam.

e Sheet piles: buried depth 12-15 m (20 m high sheets).

e Causeway wave/surge protection: rock (sourced from inland quarries) is to be used on
the outer margins of causeway to protect against wave action.

e Causeway core: imported fill and/or excavated sand from the cofferdam (if suitable).
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e Construction duration: approximately 21 days.

e Trench spoil volume: approximately 20,000 m3 (500 m x 10 m x 4 m).

e Piling method: vibro-piling.

e Working hours: daylight only.

e Construction method: causeway construction, sheet piling and excavation of cofferdam to
happen simultaneously as the causeway pushes out from shoreline.

e Reinstatement: the causeway is to be progressively removed after pipe-laying. Causeway
material is to be reused as backfill if suitable, otherwise removed from site.

Typical construction activities for the onshore pipeline section, comprise:

e Relocation of red list plant species and any animals prior to stripping;

e Vegetation stripping and grubbing (tree roots removal);

e Topsoil stripping and storage;

e Grading and subsoil storage;

e Installation of temporary drainage works;

e Placement of geotextile and gravel for temporary access roads;

e Phased trench excavation;

e Dewatering;

e Pipeline stringing (welded sections placed parallel to trench);

e Placement of bedding material in trench;

e Placement of welded pipeline sections in trench using side booms;

e Phased backfilling and compaction;

e Pre commissioning;

e Construction of permanent access road;

e Removal of construction equipment and materials;

e Technical reinstatement (grading and profiling of site), including installation of permanent
drainage system;

e Reinstatement of groundwater hydrological characteristics as required;

e Biological reinstatement including topsoil cover and seeding.

The various construction activities are depicted in Figure 6-20 below.
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Figure 6-20 Construction of onshore facilities in Russia.

Pipes and equipment that are required for the onshore sections of the project will be delivered by
road. The project may require the construction of some new temporary access roads for this
purpose. Areas will also be needed for a number of temporary facilities throughout the various
construction phases, such as pipe, equipment, materials and soil storage areas, and catering and
sanitary facilities for workers. These areas will be rehabilitated following completion of the
construction works.

Construction work will be confined to a narrow strip of land approximately 85 m wide with the
option of narrower working corridors (where feasible for safe construction) in the sensitive forest
section. Red list plant species will be relocated prior to vegetation clearing, and the topsoil layer
will be removed by excavators and stored on site for subsequent reinstatement after completion
of the pipeline construction activities.

Once the temporary and service roads are available, sections of 12 m pipe will be aligned along
the route in preparation for the welding operations. The handling and lifting of these pipe joints
will be carried out by mobile crane, side-boom tractors or excavators.

The pipeline trench is typically dug by excavators equipped with suitably profiled buckets. Once

the trench is completed, the prefabricated pipelines will be lowered into the trench by means of
side-boom tractors (see Figure 6-21).
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Figure 6-21 Onshore pipeline trench excavation (left) and the pipeline being Iord into the trench.

After completion of the pipeline installation, the trench will be backfilled and compacted with the
previously stored soil, up to the original ground level. In areas where a high ground water level is
encountered, concrete weights may be laid over the installed pipelines to overcome the buoyancy
effect of the water. The top layer of soil removed at the start of the construction activities will
then be reinstated. Grass will be planted to finally reinstate the pipeline working corridor, but no
trees will be allowed to grow over the pipelines.

Nearshore dredging (trench excavation)

In the nearshore section of the pipeline route, from the shore out to a water depth of
approximately 12 m (a distance of approximately 3.3 km), dredging will be performed to
excavate a trench into which the pipelines will be placed and subsequently covered. The
excavation of the trench in the shore approach section will be executed by the following
equipment:

e Backhoe dredger;
e Trailing suction hopper dredger.

Dredge volumes vary between the open cut base case and micro-tunnel shore crossing option. A
cofferdam is required for the open cut method, and dredge volumes are approximately
205,000 m3. Conversely, for the micro-tunnel option, as a dredged channel is required for the
pipe-laying vessel, some 475,000 m? of spoil is required to be dredged. A conservative approach
has been adopted regarding sediment plume modelling for the impact assessment in Chapter 10
- Assessment of environmental impacts, and dredge volumes are based on the micro-tunnel
option rather than the open cut base case scenario as this represents the ‘worst case’ with
respect to dredging duration, maximum sediment concentrations and, therefore, potential
impacts.

Pipeline installation

The planned methodology for the installation of the pipelines at the landfall is a shore pull
technique. This typically involves the synchronised operation of a lay barge anchored close to the
shoreline and a winch installed onshore. After the pipeline offshore trench is excavated to the
required depth, the winch is installed and its wire is laid from the winch out along the bottom of
the trench to the anticipated position of the lay barge.

Espoo Report W-PE-EIA-POF-REP-805-040100EN



6.7.2

Page 109 of 642

Figure 6-22 Typical shallow water lay barge (with anchor tug and pipe transportation vessel).

The lay barge (Figure 6-22) is positioned as close as possible to the shoreline (subject to its
operating draft), and the previously installed pull-in wire is retrieved and connected to the end of
the pipeline that is being assembled on board the lay barge.

The trench requires backfilling after the pipelines are laid in the pre-dredged trench. For this
purpose, the soil which had previously been dredged and temporarily stored is used as backfilling
material.

In the shallow water section, close to the shoreline, the excavators used for dredging operations
are also used for backfilling activities. In deeper water, backfilling operations are performed by a
splitter hopper barge, which transports the soil from the storage area and dumps it into the
trench.

Landfall Germany
The pipeline route in the German sector has a total length of approximately 83 km. In the section
with water depth less than 17.5 m, the pipelines will be laid into a pre-dredged trench.

The key elements of NSP2 at the German landfall are:

e PTA working and laydown areas (temporary development footprint of approximately 8.2
ha);

e PTA (permanent facility of approximately 5.6 ha);

e Twin micro-tunnels of 700 m with entry portals within the PTA worksite and exit portals
offshore;

e Duration of construction (approximately 2 years);

e Pre-commissioning of onshore facilities;

e Pre-commissioning equipment for offshore pipelines;

e Simultaneous construction of downstream GRS and feeder lines;

e Nearshore dredging and backfilling (linear extent of approximately 49 km);

e Shore pull (pipeline pull between offshore lay vessel and shore).

Pipeline installation

The burial depth of the pipelines varies along the pipeline route. The burial depth ranges between
0 m and 1.55 m in accordance with local safety requirements. Where shipping lanes are crossed
in the shallow nearshore area inside the Greifswalder Bodden, the burial depth will be increased
to take into account a possible deepening of the shipping lanes.

Espoo Report W-PE-EIA-POF-REP-805-040100EN



6.8

6.8.1

Page 110 of 642

In order to minimise the underwater excavation works, and thus the environmental impacts, the
selected trench profile has been adjusted to a width and a burial depth that is ALARP for safe
construction and operation. In the sections in which both pipelines are laid in one single trench,
the bed width of the trench will be 8.5 m in its straight sections.

Onshore activities

The 800 m long landfall section of the pipelines is defined as the section between the seaward
end of the twin micro-tunnels and the PTA. On the seaward side of the coastline, the pipelines
will be located inside the trench, followed by two individual 700 m long micro-tunnels. Inside the
micro-tunnels, the pipelines cross under the coastline, the beach, other pipelines, a road and a
railway. Finally, the pipelines end in a construction trench at the PTA. In this section, the
pipelines cover an elevation of 4.5 m.

The construction of start shafts for the micro-tunnels will commence at the landward side within
the PTA construction site. The tunnelling equipment will be installed and set at the start shafts.
When the tunnelling operations are completed, the tunnelling equipment and machinery will be
dismantled and removed from the tunnels and then from the start shafts. Subsequently, the
tunnel boring machines at the seaward tunnel ends will be excavated and recovered. Thereafter,
the tunnel ends will be prepared for the shore pull-in of the pipelines.

In parallel to the tunnelling operations, the common pipeline trench within the Greifswalder
Bodden will be dredged. The pre-lay trenching will continue across the Boddenrandschwelle and
along the eastern slope of the Boddenrandschwelle.

The common pipeline trench will be backfilled and the seabed surface reinstated as pipe-laying
progresses.

After the second-generation lay barge has completed the pipe-laying operations at KP 55, it will
be relocated and set up at the seaward end of the tunnels, in order to facilitate the shore pull-ins
of the two pipelines through the tunnels.

Pre-commissioning and commissioning
Following construction and prior to operations, pre-commissioning and commissioning activities
are undertaken.

Pre-commissioning refers to a series of activities carried out before the introduction of natural
gas into the pipelines. Pre-commissioning serves to confirm the mechanical integrity of the
pipelines and ensures they are ready for safe operational use with natural gas.

Commissioning activities include the filling of the pipelines with natural gas prior to operation.

Pre-commissioning - offshore pipeline sections
After installation, the NSP2 pipelines will undergo a series of activities to prepare the pipeline
system for use. These activities include cleaning, gauging and testing/leak detection.

The offshore pipeline pre-commissioning concept for NSP2 will be completed after receipt of the
pipe-laying bids and finalisation of the pipe-laying scenario.

NSP2 plans a ‘dry pre-commissioning’ concept where the offshore pipelines will not be flooded
and there will be no hydro-test or hyperbaric tie-ins as performed for NSP. DNV (certifying
authority) has agreed to a conditional concession to the DNV design code OS-F101. Should the
concept not be accepted by the national permitting authority, the back-up would be a ‘wet pre-
commissioning’ solution, i.e. each section of the pipelines would be pressure tested with seawater
which would be discharged in Russia outside the Kurgalsky nature reserve. Therefore, two
options are under investigation.
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These are:
e Option 1: Dry pre-commissioning without pressure testing using alternative testing
methods and without hyperbaric weld tie-ins (HWTIs).
e Option 2: Standard wet pre-commissioning operations as done for NSP. For this option,
HWTIs are required.

Option 1: dry concept

For dry pre-commissioning, the offshore pipelines will not be pressure-tested with water. Only
cleaning and gauging will be considered using dry air as a pigging medium produced by a bank of
diesel-fired compressors located at the German landfall. Pipeline air pressure during these
operations will be 30 bar.

The pipelines will not be water-filled and, consequently, no dewatering and drying is required.
Leak detection will be carried out using an inspection pig or alternatively by an external ROV
survey in conjunction with the cleaning and gauging of the pigging operation. As no water is
used, there will be no additives and no such test water discharges offshore.

In accordance with this approach, hyperbaric tie-in operations will not be needed since laying
activities from Russia to Germany will be performed by means of shallow and deep water barges,
which will operate through multiple pipeline abandonments and recoveries. If this option is
chosen, no rock embankments for hyperbaric tie-ins will be required.

For the dry concept, pre-commissioning activities affect the landfalls in Germany and Russia.
There are no relevant pre-commissioning activities or impacts in the offshore sections of the
pipelines in Finland, Sweden and Denmark.

Option 2: wet concept
Wet pre-commissioning includes pressure testing with water. The offshore pipeline design is
divided into three sections as listed below and tested at three different test pressure values:

e First offshore section from the pull head in Russia to approximately KP 300 (in Finland);

e Second offshore section from approximately KP 300 to approximately KP 675 (in
Sweden);

e Third offshore section from approximately KP 675 to the pull head in Germany.

The following wet pre-commissioning activities are to be performed:

e Flooding, cleaning and gauging;
e Pressure testing.

Flooding, cleaning and gauging of each section will be performed using a pumping spread on
board a suitably sized construction vessel at the HWTI locations. A pig train consisting of four
bidirectional pigs fitted with aluminium gauge plates will be propelled through each of the
offshore sections.

Filtered seawater sourced at the HWTI locations and dosed with an oxygen scavenger to prevent
corrosion of the pipelines will be used for the operations. The active substance in the oxygen
scavenger will be sodium bisulphite, NaHSO3. The concentration of the oxygen scavenger is
85 ppm. No other chemical additives are envisaged. Additionally, ultraviolet (UV) treatment may
be required to reduce the number of bacteria present in the seawater.

Pressure testing of sections 1 and 2 will be performed at the HWTI locations (KP 300 and

KP 675). Pressure testing of section 3 will be done from landfall Germany. All three sections will
be pressure tested in accordance with DNV.
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Temporary offshore pipeline pre-commissioning sites at the Russian and German landfalls are
located outside the permanent PTAs. Both sites include temporary water storage facilities, of
approximately 7,000 m? in Russia and 12,000 m? in Germany. Additionally, temporary pig traps,
pressure test blinds, valves and various piping required at the landfall sites will be located within
or in proximity of PTA.

After the performance of the pressure test, the segments will be connected by means of two
subsea or HWTIs. Once all HWTI operations are complete, the following operations can take place
for the completed offshore pipelines:

¢ Dewatering;
e Drying.

The wet pre-commissioning concept for the offshore pipelines is to supply seawater from a
section break offshore and discharge seawater at the Russian landfall. Approximately 1,300,000
m? of seawater will be required to fill each of the two pipelines. All water will be taken from the
hyperbaric tie-in locations at a water depth of 5-15 m.

During pre-commissioning operations, a limited discharge from the pipeline(s) is expected at the
hyperbaric tie-in locations in Finland and Sweden. This water will not be treated with any
additives. Discharge locations and amounts of water will depend on the actual sequence of
operations.

During dewatering, a pig train will be launched from Germany towards Russia. The medium used
to propel the pig train will be dried compressed air produced by a bank of diesel-fired
compressors at the German landfall. As it travels through the pipelines, the pig train will push all
1,300,000 m? of treated water out of the pipelines. At the Russian end, discharged water will be
routed via a temporary pipeline back into the sea.

Hyperbaric weld tie-ins

At least two subsea or HWTIs are required on each pipeline. The tie-in technique is used to
connect two pipe sections that have previously been laid down during various phases of the
construction works. Each of the project pipelines will be built in three sections with different wall
thicknesses. The sections can be connected under water, using HWTIs (Figure 6-23) to form the
complete pipelines.

Figure 6-23 Hyperbaric tie-in setup
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Hyperbaric tie-ins will consequently be conducted on the seabed at the two locations where the
pipeline wall thickness changes. At both locations, gravel berms will be installed on the seabed to
provide stability for the tie-in operations. Once a section of the pipeline is installed, a lay down
head will be welded to the end of the pipelines before the pipe-laying vessel lays it down. This
head provides an air- and water-tight seal.

At the tie-in locations, the ends of the two respective pipeline sections overlap. Then, for
hyperbaric welding, they will be aligned using large H-frames and cut back. An underwater
habitat or ‘hyperbaric chamber’ will be placed over the connection, and the pipelines will be
welded together inside that habitat. The entire operation will be remotely controlled from a
support vessel and assisted by divers. Once the tie-ins are finished, the habitat will be removed
and a survey will confirm the correct position of the pipelines.

Onshore pipeline section and PTA
The pre-commissioning operations on the pipeline onshore sections and the PTAs at either
landfall include the following pre-commissioning operations:

e Flooding, cleaning, gauging and pressure testing using untreated fresh water;
e Dewatering and drying;

e Nitrogen/helium leak testing of the PTA (PTA only);

e Leak testing of all valves 16" and larger (PTA only).

Testing shall be in accordance with relevant codes and authority requirements. The onshore
sections will be left filled with nitrogen at 0.5 bar over-pressure upon completion of the
pre-commissioning operations.

Commissioning
Commissioning comprises all activities that take place after pre-commissioning and until the
pipelines commence natural gas transport, including filling the pipelines with natural gas.

Prior to the activity of gas-in, all pre-commissioning activities must be completed successfully
and the pipelines will be filled with dry air that is close to atmospheric pressure. A nitrogen batch
will be used to separate pipeline air content from injected hydrocarbon gases and to ensure that
no intermixing is possible between air and hydrocarbons. Nitrogen and natural gas will be
introduced into the pipelines from Russia.

The gas filling operation is carried out in two stages. The first stage comprises replacement of air
and nitrogen by hydrocarbon gases. During this phase, the pipeline blowdown system in the PTA
in Germany (PTAG) will be used to vent off the air as well as the nitrogen batch. During this
phase the pipelines will not be pressurised.

The second stage comprises pipeline pressurisation. This will commence upon detection of
on-spec hydrocarbon gas at the vent location in PTAG. At this point, the blowdown system will be
closed and the PTAG will be set into operational configuration up to the first block valve in the
downstream system.

Gas injection will continue from the Russian side until the required pipeline pressure to start
normal operation is achieved.

Operation

Nord Stream 2 AG will be the owner and operator of the pipeline system. The system is designed
for an operating life of at least 50 years. An operations concept and security systems will be
developed to ensure the safe operation of the pipelines, including avoiding over-pressurisation,
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managing and monitoring potential gas leaks and ensuring material protection. The operation
system is currently planned to be very similar to NSP.

Main pipeline system facilities

The protection, control and monitoring strategy for NSP2 will rely on equipment at the landfall
facilities (PTAs) in Russia and Germany. Management and supervision will be undertaken by the
main control centre (MCC) in Switzerland with a back-up facility also located in Switzerland.

The PCCS is a general monitoring and safety system comprising various control, pressure safety
and emergency shutdown mechanisms. As with NSP, the PCCS will be used in NSP2, and under
normal operating conditions the MCC is the central point for control and monitoring. The back-up
control centre (BUCC) will only be staffed in case of an emergency situation during which the
MCC is not operational or undergoing function testing. For this reason, there will be redundant
communication links between the PTAs in Russia and Germany, between the two areas and the
control centres (MCC and BUCC) and between the centres themselves.

Normal pipeline operations

Normal operating conditions are those in which the pipeline system flow rate, pressures and
temperatures are all within the pipeline design parameters and in which the flow rate is regulated
in accordance with the notification requirements of the gas transportation agreement. The inlet
flow of the pipelines will be controlled by the number of compressors at the Russian compressor
station, while the outlet pressure of the pipelines will be controlled by the control valves of the
GRS. The speed of the compressors will be adapted automatically in order to provide the
necessary outlet pressure.

Maintenance and repair

Planned maintenance and scheduled inspections will be carried out in accordance with DNV GL
requirements, statutory requirements as well as recognised good industry practice. Planned
maintenance and inspections of the landfall facilities will be carried out throughout the year to
ensure operation. Any large-scale maintenance activities will be performed during a yearly
shutdown in non-winter months.

Based on experience from NSP, an extensive repair strategy will be developed for the onshore
and offshore facilities of NSP2.

Decommissioning

NSP2 is designed to operate for at least 50 years, and the operational life of the pipelines could
be extended beyond 50 years under certain circumstances. The technological options and
preferred methods for decommissioning of offshore installations and pipelines most likely will
have changed in 50 years’ time, when the NSP2 pipelines may be decommissioned.

Therefore the decommissioning programme will be developed towards the end of the operations
phase and will reflect technical know-how gained over the operational life of the pipelines.

Reference is made to Chapter 12 - Decommissioning on the legislative framework and current
practices.

Schedule
Overall schedule
The project schedule is presented in Figure 6-24. It includes the following phases:

e 2012/13: Feasibility study running concurrently with the EIA programme consultation
phase;
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e 2015 - 2017: Permitting and EIAs running concurrently with surveys and engineering;
e 2015 - 2019: Procurement and delivery and pipe logistics;

e 2018 - 2019: Construction and commissioning;

e 2018 - 2020 and beyond: Environmental monitoring;

e 2020 and beyond: Operations.

Environmental Monitoring »

Parmining and Environmental impact
Assessmens

Burveys and Engineering

Procurement and Delivery, Pipe Logistics
Construction and
Commissioning

Figure 6-24 NSP2 project schedule.

Construction schedule

The construction schedule showing the timing for key construction activities is presented in
Figure 6-25.
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Figure 6-25  NSP2 construction schedule.
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METHOD ADOPTED FOR PRODUCTION OF ESPOO
ENVIRONMENTAL ASSESSMENT DOCUMENTATION

Introduction
As outlined in Section 1.2, the purpose of the Espoo Report is to provide:

e A statement on all potential transboundary impacts which clearly identifies where
activities in one country may result in potentially significant impacts in neighbouring
countries;

e An overall assessment of the impacts of the NSP2 project that evaluates ‘in-combination
impacts on each receptor group, irrespective of geopolitical borders.

7

The environmental assessments draw on the findings of the national EIAs and ES and/or studies
and assessments performed to prepare for the national EIAs and ES. These have been completed
in compliance with the respective national permitting requirements of the five national
jurisdictions where sections of the project will be located, i.e. the PoOs). The methodology
outlined below therefore sets out how information contained in the national documentation has
been analysed and presented to deliver the above outputs. It addresses impacts from planned
project activities (i.e. impacts that may result from routine project implementation activities).

While highly unlikely to occur, impacts from unplanned or non-routine events (e.g. a fuel/oil spill
during construction) could have substantial consequences and therefore also require
consideration. A risk assessment has been undertaken in Chapter 13 - Risk assessment.

For the purpose of this report, the term ‘environmental impact’ is used to include environmental
and social impacts.

General approach
In order to meet the requirements set out above, the following sequential steps have been
undertaken:

e Scoping of potentially affected receptors, which have been addressed through the PID,
the national EIAs/ES and subsequent consultation undertaken in 2013-2016 (Chapter 4 -
Espoo process);

o Identification of the potential significant environmental and social impacts of the project;

e Baseline characterisation of the resources and receptors that could potentially be
impacted;

e Assessment of potential impacts;

e Development of measures to address potentially significant impacts through mitigation;

e Assessment of potential transboundary impacts;

e Assessment of potential cumulative impacts.

These steps have been customised to take account of the specific context of NSP2 (see Table
7-1) and are further elaborated on in Sections 7.3 to 7.8.

Table 7-1 Issues specific to NSP2 and adopted approach.

Issues specific to NSP2 Espoo approach

Challenges of multiple national permitting
processes

The requirement for national permitting necessitates
dividing and

assessing the project as five

subprojects, with each assessment considering

impacts (including transboundary impacts) arising

Preparation of an overarching report that considers
the impacts of the entire project irrespective of
national borders.

The adopted approach comprises a summary of the
impacts identified in each country as well as the
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Issues specific to NSP2 Espoo approach

from activities within the respective national borders.
Impacts arising from parts of the project that are
located in other countries are not addressed.

in-combination occurrence
NSP2
project) and interactions with other planned projects

consequences of their

across national borders (within the overall

(cumulative impacts).

Complexity of project

The project is located in the TW and/or EEZ of five
countries and there is a possibility of cross-border
impacts in the jurisdictions of other APs as a result of
onshore and offshore activities, which included core
components (owned and operated by Nord Stream 2
AG) and ancillary facilities (owned and operated by
third parties).

Design and application of a systematic, logical and
transparent process for identifying, evaluating and
addressing impacts and a clear reporting structure to
ensure all issues (technical, temporal and spatial) are

adequately considered in the assessment, with
transboundary impacts in particular  being
highlighted.

Integration of different national requirements
and approaches into an overarching EIA

The different requirements of national agencies and
with respect to the
methodology (e.g. models) used
EIAs/ES and the applicable standards (e.g. protection

legislation content and

in the national

status of species and habitats, environmental quality
standards (EQSs) for contaminants) may constrain
the ability to undertake a consistent in-combination
assessment of each receptor group across the entire
NSP2 project.

While the Espoo assessment has, wherever possible,
applied a consistent approach to the evaluation of
impacts arising in each PoO, it has, where relevant,
highlighted differences in national requirements and
their implications,
specific impacts.

if any, for the assessment of

Different standards in a transboundary context
(e.g. EQSs,
objectives and targets in relation to the WFD and
MSFD etc.) of the PoO and APs may mean that the
assessment of some transboundary impacts within
the EIA of the PoO may not be consistent with the
standards of the APs.

Differences in national standards

The clear identification of transboundary impacts and
their nature within this
Transboundary impacts) will

report (Chapter 15 -
enable each country
where there is transboundary impact to review such
impacts against their own national standards and
targets and to address any perceived
their
consultations between concerned parties (Step 5 of
the Espoo process in Section 3.2).

potential

shortcomings in consideration  through

Ensuring and facilitating full participation of
stakeholders and interested parties

A diverse audience including interested individuals,
the general public, decision makers and politicians as
well as special interest groups and technical experts
in nine different countries.

The approach duly considered the requirements of
the Espoo Convention to give the public in APs the
opportunity to be informed and to express their
This the
translation of the Espoo Report into the nine
languages of the PoOs and APs and through the
provision of documentation that provides information
of detail
understood by the different target audiences, e.g.

views. has been achieved through

at the appropriate level that can be
through production of the non-technical summary
(for the general public), the main Espoo Report (for
an informed non-specialist audience and decision
makers) and the appendices to the Espoo Report
(for This

information and

technical specialists and

been

advisors).

has widely  publicised

disseminated, including online.

Addressing of stakeholder views
Stakeholder comments raised in response to the PID
and consultation process.

The scoping of issues as well as attention given to
them in the assessment process took account of the
comments raised during consultations and included,
where appropriate, the incorporation of stakeholder
views in the assessment criteria.
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Identification of potentially significant impacts

Following the notification phase of the Espoo process (Section 3.2), the scope of the assessment
was refined. The scoping exercise established the technical, spatial and temporal scope of the
assessment. It was informed, amongst others, by the comments provided in response to the PID
and those raised through various consultation events in the five PoOs and the four APs.

Technical scope

The environmental and socio-economic resources and receptors which could potentially be
impacted by NSP2 were identified through a review of the core and ancillary project components
during the construction and operation phases, as well as the general nature of baseline
conditions. The former were established through a review of the project description in Chapter 6
- Project description, whilst the latter were determined through desk studies, dedicated
environmental surveys (see Table 9-1, in Chapter 9 - Environmental baseline) and reviews of
relevant secondary information, including the national EIA/ES documents. The identified

resources and receptors are summarised in Table 7-2.
Table 7-2 Resources and receptors potentially susceptible to impacts from NSP2.

Environment Resources and/or receptors

Physical environment Terrestrial geomorphology and topography

Freshwater hydrology (surface and groundwater)

Marine geology, bathymetry and sediments

Hydrography and seawater quality

Air quality and climate

Biological environment Terrestrial flora and fauna

Plankton

Benthic flora and fauna
Fish

Marine mammals

Birds (seabirds and waterbirds)
Natura 2000 sites
Other protected areas

Marine biodiversity

Socio-economic environment People

Tourism and recreational areas

Cultural heritage
Traffic
Commercial fisheries

Raw material extraction sites

Military practice areas

Existing and planned infrastructure

International/national monitoring stations

Chapter 8 - Identification of environmental impacts provides a short analysis of how the various
project activities and components may affect the receptors and resources identified in Table 7-2.

Chemical and conventional munitions are not environmental receptors, and therefore are not
included in Table 7-2. However, the consequences of their potential presence in the vicinity of
NSP2 was identified during consultations as an issue requiring particular consideration. Therefore
they are considered as a specific topic within the baseline characterisation (Chapter 9 -
Environmental baseline) in order to document where such features may be present within the
areas potentially affected by NSP2. Potential impacts (noise, scour, etc.) associated with the
planned detonation of conventional munitions are addressed in Chapter 10 - Assessment of
environmental impacts, while those arising from unplanned detonation are covered in Chapter 13
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- Risk assessment. The potential for mobilisation of CWAs is addressed specifically within a
special section within Chapter 10, and this information is then used, together with data on other
contaminants, to inform the wider assessment of the release of contaminants from sediments
within the relevant sections of Chapter 10 (sediment quality, water quality, etc.).

Similarly, marine biodiversity (variability within species, between species and between habitats,
ecosystems, as well as ecosystem functionality) has been included as a special topic within the
biological sections of the report to ensure due consideration has been given to potential impacts
at an ecosystem level, particularly with respect to the interaction of the receptors/resources
associated with the marine biological environment (in line with the requirements of the MSFD).

The analysis provided in Chapter 8 - Identification of environmental impacts has identified
interactions which have the potential to result in significant impacts and therefore informed the
determination of specific issues to be carried forward to the baseline characterisation and impact
assessment stage, as discussed in Chapters 9 - Environmental baseline and 10 - Assessment of
environmental impacts.

In addition to analysing potential impacts on specific resources/receptors, it is also important to
consider the impacts of NSP2 in the context of relevant EU legislation designed to protect the
marine environment (i.e. MSFD, WFD and Baltic Sea Action Plan). This is addressed in Chapter 11
- Marine strategic planning.

Spatial scope

The pipeline route is approximately 1,200 km in length. Onshore PTAs will occupy areas of
6.25 ha in Russia and 4 ha in Germany. There will be some restrictions above the buried pipeline
section in Russia. Additional areas, both onshore and marine, will be occupied temporarily during
construction. Ancillary activities will be accommodated within existing facilities. The geographical
area that may be affected by the project (area of influence) varies depending on how the
aspects* of each project activity propagate spatially from these project areas. The extent of such
propagation therefore informs the environmental impact identification exercise reported in
Chapter 8 - Identification of environmental impacts, as well as the area of influence for each
impact discussed in Chapter 10 — Assessment of environmental impacts. Of particular relevance
to this Espoo assessment is the identification and consideration of aspects where the area of
influence extends across national borders (transboundary). These are therefore specifically
highlighted in the assessment in Chapter 10 and summarised in Chapter 15 - Transboundary
impacts.

The study area may extend beyond the area of influence for some receptors/resources. This
arises as a result of the need to consider, as part of the assessment, the context in which the
receptor ‘exists’. For example, the magnitude of an impact on a particular species will be
determined through consideration of the percentage of the regional population affected rather
than merely the absolute humbers. Similarly, impacts on Natura 2000 sites, which form part of
a larger network of protected areas, will be determined through consideration of which, if any,
of the key species or sites are impacted and the potential for impacts to also affect the integrity
and functioning of the wider network.

For the purposes of this report:

e Marine areas are defined as offshore areas of the Baltic Sea (with the exception of the
Bothnian Bay and the western part of the Arkona Basin) and nearshore areas. Where
receptors/resources are associated with both the terrestrial and marine areas (e.g.
waterbirds) these are addressed within the "marine areas” sections of the report.

* An aspect is a component of an activity that interacts with the environment (e.g. noise generation, sediment mobilisation). This is
distinct from an impact, which is the consequence of the aspect (e.g. hearing loss, reduction in water quality).
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e Onshore areas are defined as everything that is strictly onshore and has no offshore
component, e.g. geomorphological characteristics, terrestrial habitats and species
present in the landfall areas in Russia and Germany, together with the nearby
communities present on land. It also applies to areas in the vicinity of the pipe storage
yards, pipe coating facilities and roads used to transport materials.

Temporal scope
The temporal scope addresses both the timing of the project activities and the duration of the
resulting impacts.

The project activities will occur in three phases:

e Construction (including pre-commissioning and commissioning);
e Operation;
e Decommissioning.

The construction phase of the two pipelines is planned to last approximately two years, while
construction of the onshore facilities will last 21 months in Russia and 19 months in Germany.

The operational life of the pipelines is anticipated to be at least 50 years.

Given the uncertainty with regard to the method to be used for decommissioning (see Chapter 6
- Project description), a qualitative assessment of potential scenarios including their timing is
provided in Chapter 12 - Decommissioning.

The duration of impacts will be highly dependent on their nature and the affected receptor. For
example, the release of suspended sediment into the water column may have a short duration,
as well as a short-term impact on water quality, whereas increases in the noise level, even
though of short-term duration, could have long-term impacts on certain marine mammals.
Therefore the duration of impact was a key element in the assessment of impact significance.

It should be noted that impacts during the construction phase will not occur along the full length
of the pipeline route at the same time but will be restricted to specific areas (i.e. the area
affected by pipe-laying activities will move forward in unison with the lay barge as it progresses
along the pipeline route).

Baseline determination

Baseline conditions were determined through a review of the baseline sections of the national
EIA/ES reports. These sections of the EIAs/ES were informed by analyses of secondary data,
including relevant scientific literature, and results of surveys in both the marine and onshore
environments undertaken specifically for NSP2. The marine surveys included those covering
seawater, sediments, marine biology and cultural heritage features while those of onshore areas
covered landfall and relevant ancillary areas and included social economic parameters, cultural
heritage and terrestrial biology. A list of such surveys is provided in Section 9.1.

This information was synthesised to generate a baseline for the NSP2 project in its entirety and
thus inform the impact assessment of the overall project.

A key element of the baseline determination was the appraisal of receptor importance according
to criteria outlined in Section 7.5.2.

Espoo Report W-PE-EIA-POF-REP-805-040100EN



7.5

Page 121 of 642

Impact assessment

While the Espoo assessment also took account of the assessments undertaken for each national
EIA/ES, it focused on providing an overarching assessment of the NSP2 project in its entirety,
rather than a summation of impacts identified at the national level. This approach ensures that
an adequate assessment of in-combination impacts on each receptor group was undertaken,
including interactions between impacts arising in different national jurisdictions.

The assessment was able to draw on a substantial body of information generated by the
monitoring programme of NSP, undertaken during both its construction and operation. That
programme provided a unique and valuable source of empirical data which could inform the
prediction of the nature and scale of impacts that could be anticipated to arise from NSP2, which
has a similar design, alignment and construction method to that of NSP.

The process for assessing environmental impacts is outlined in Figure 7-1. Following the
identification of potential impacts and receptor sensitivity to the impact (importance evaluated in
Chapter 9 - Environmental baseline and resilience to change evaluated in Chapter 10 -
Assessment of environmental impacts), the process involves the determination of the nature and
type of impact, as well as its magnitude and how it will affect receptors.
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Figure 7-1 Process for identifying environmental impacts and assessment of potential impacts from

planned activities.

The project activities/facilities that will be assessed are shown in Table 7-3, see also Section
6.2.1.
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Table 7-3 Definition of NSP2 assessment.
Project activities ‘ Assessment
Core activities All project activities will be fully assessed in the national EIAs/ES and in

the Espoo Report.

Ancillary activities Operation of weight-coating plants, pipe storage yards, storage areas
and associated transport activities will be assessed in terms of
emissions (e.g. noise, air emissions) and, where applicable, socio-
economic impacts.

7.5.1 Impact nature type and magnitude
Impacts are classified according to their nature (negative or positive) and type as outlined in
Table 7-4. Such characteristics are relevant to the EIA process, in particular in developing the
mitigation or enhancement measures that can be applied and in evaluating the degree to which
the predicted impacts can be managed by such measures.

Transboundary impacts, which are a key focus of this Espoo Report, require particular
consideration. The approach to identifying and addressing transboundary impacts is therefore
specifically addressed in Section 7.8. Similarly, cumulative impacts also warrant attention and are
considered in Section 7.8.

Table 7-4 Nature and type of impact.

Nature of impact

Negative!: impact that is considered to represent an adverse change from the baseline or to introduce a
new, undesirable factor.

Positive!: impact that is considered to represent an improvement to the baseline or to introduce a new,
desirable factor.

Type of impact

Direct: impact that results from a direct interaction between a planned project activity and the receiving
environment (e.g. the loss of a habitat during pipeline installation).

Indirect: impact that results as a consequence of direct impacts or other activities that occur as a
consequence of the project (e.g. an increase in fishery activity along the pipeline route due to the creation
of an artificial habitat favourable to certain target species).

Cumulative: impact that may occur as a result of a planned project activity in combination with other
planned infrastructure or activities. The individual projects may generate their own individually insignificant
impacts, but when considered in combination, the impacts may have an incrementally significant cumulative
impact on receptors.

Transboundary: impact that may occur within one EEZ/TW as a result of activities in the EEZ/TW of another
country (e.g. the propagation of noise across national borders).

Note!: In certain circumstances, it can be argued that an impact can be classified as negative and/or positive.

Whether the impact is one or the other depends largely on expert opinion. In such cases, both classifications are
argued.

The magnitude of an impact is a measure of the change in the baseline conditions and is
described in terms of several parameters, including spatial extent (or number/percentage of
receptors affected), duration, intensity and reversibility of the impact, as outlined in Table 7-5.

These parameters have been determined though a range of methods, including:

e Monitoring of sediment dispersion and underwater noise propagation undertaken during
NSP;
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e Modelling undertaken for the national EIA/ES studies, notably sediment dispersion
modelling, underwater noise modelling and contaminants dispersion modelling (Section
10.1 and Appendix 3);

e Calculations of air emissions;

e Other monitoring data and experience from NSP;

e Reference to scientific literature and other relevant studies and guidance and experience
of the project team.

Further details are provided in Chapters 9 - Environmental baseline and 10 - Assessment of
environmental impacts.

Table 7-5 Impact magnitude.

Degree of reversibility

Reversible: impact on resources/receptors that ceases to be evident, either immediately or following an
acceptable period of time, after termination of a project activity (e.g. turbidity levels in the water column
will return to normal levels shortly after the construction works in an area are finalised).

Irreversible: impact on resources/receptors that is evident following termination of a project activity and
that remains for an extended period of time; impact that cannot be reversed by implementation of
mitigation measures (e.g. occupation of the seabed by the pipelines).

Spatial extent of impact

Local: impact in the immediate vicinity of the pipelines/construction site and restricted to the pipeline route
corridor (approximately 5 km wide).

Regional: impact extending more than 5 km outside the pipeline corridor.

Duration of impact

Temporary: impact that is predicted to be of very short duration and/or intermittent/occasional in nature
and that will cease shortly after completion of the activity (e.g. reduced water quality as a result of
suspended sediment during rock placement, avoidance behaviour in fish as a result of pipe-laying activities).

Short-term: impact that is predicted to last for only a limited time period and will cease within a few years

(£3-5 years) of completion of the activity, either as a result of mitigation/reinstatement measures or natural
recovery (e.g. impacts and re-establishment of benthic fauna communities after trenching the pipelines into
the seabed and after reinstatement of the seabed).

Long-term: impact that is predicted to continue over an extended period (>3-5 years) (e.g. restrictions on
other marine activities/development in the vicinity of the pipelines, e.g. wind farms).

Intensity of impact

Low: impacts may be forecast but they are frequently at the detection limit and do not lead to any
permanent change in the structures or functions of the resource/receptor concerned, or there may be some
permanent changes but they affect a small number or percentage of receptors.

Medium: there may be some detectable alterations to the resource/receptor concerned but its basic
structure/function is retained.

High: the structures and functions of the resource/receptor are affected partially/completely.

The evaluation of impact magnitude has adopted a qualitative ranking of negligible, low, medium
or high based on the parameters outlined in Table 7-14. The criteria for such rankings are both
impact and receptor specific and are therefore outlined for each receptor type (physical-chemical,
biological and social-economic) in Table 7-6, Table 7-7 and Table 7-8.
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Table 7-6 Impact magnitude - physical-chemical environment.
Ranking Definition
Negligible Change to a physical resource/receptor that is local and within natural variations. The environment

will revert to pre-impact status immediately after the activity causing the change ceases.

Low A change to a physical resource/receptor that is localised and detectable above natural variations
but within relevant quality standards. The environment will revert to pre-impact status once the
impact ceases and there will be no long-term effect on the functioning of the ecosystem.

Medium A change to a physical resource/receptor that may extend beyond the local scale and/or result in
some local exceedances of relevant quality standards. It may alter the long-term functioning of the
ecosystem on a local scale.

High A change to a physical resource/receptor outside the natural variation which may result in
exceedances of relevant quality standards at numerous locations and/or affect the long-term

functioning of the ecosystem beyond the local scale.

Table 7-7 Impact magnitude - biological environment.
Ranking Definition
Negligible Change to the conditions of a habitat or individual/specific group of individual species may occur

but is generally undetectable and within the range of normal natural variations and occurs locally
and only for the period when the specific construction activity is carried out.

Low Measurable change to the conditions of a habitat, but it is within the range of natural variations
and within a limited area and does not affect its viability or functioning. Conditions will revert to
pre-impact status within a short period of time.

Perceptible change to a species that affects a specific group of localised individuals within a
population but is within natural variations and/or occurs over a short time period (one generation
or less) and does not affect other trophic levels or the population itself.

Medium Localised changes to habitat that are outside the range of natural variations but do not affect its
long-term functionality.

Clearly evident change from baseline conditions resulting in reduction in portion of a species
population and may lower abundance and/or distribution over one or more generations but does
not threaten the long-term integrity of that population or any population dependent on it.

High Widespread and/or permanent disturbance or loss of habitat threatening the long-term functioning
of habitats.

A change on a species that affects an entire population or causes a decline in abundance and/or
change in distribution beyond which natural recruitment (reproduction, immigration from
unaffected areas) would not return that population or species, or any population or species
dependent upon it, to its former level within several generations, or when there is no possibility of

recovery.

Espoo Report W-PE-EIA-POF-REP-805-040100EN



Page 126 of 642

Table 7-8 Impact magnitude - socio-economic environment (excluding cultural heritage, see Table
7-9).

Ranking People Economic/ other services ‘

Negligible Change to the levels of amenity, safety, well- | No perceivable change in levels of revenue
being or other parameters. The impact is | generated by businesses at the national or local
undetectable  or  within normal levels | level.
experienced  within  the households or
community. No disruption of access to or functioning of

public services.

Low Perceptible difference to the amenity, safety, | Changes that may affect revenue-generating
well-being or other parameters that affects a | capacity of local businesses but are of short
small proportion of households or communities | duration.
and/or is of short duration.

Changes that may affect a small proportion of
the business sector at the national level and/or
of short duration.

Disruption of access to, or functioning of, a
small proportion of public services and/or of
short duration.

Medium Clearly evident difference in levels of amenity, | Changes that may affect revenue-generating
safety, well-being or other parameters from | capacity of local businesses beyond the short
baseline conditions with the impact affecting a | term.
substantial area or number of people and/or
extending beyond short duration. Changes that may affect revenue-generating

capacity for a substantial percentage of
business in the sector at national level for a
short duration or a smaller percentage but for a
longer duration.

Disruption of access to, or functioning of, public
services on a regional scale and/or of medium
duration.

High Change in levels of amenity, safety and well- | Permanent or long-term changes to revenue-
being or other parameters. The impact | generating capacity at national level that could
dominates over the baseline conditions | be experienced over a regional or national
affecting the majority of the areas or population | area.
in the area of influence.

Permanent or long-term disruption of access
to, or functioning of, public services on a
regional or national scale.

Table 7-9 Impact magnitude - cultural heritage.

Negligible No discernible change in the physical condition of the archaeological potential setting or
accessibility and enjoyment of the site or feature.
No perceivable change in intangible resource/asset.

Low Small part of the site is lost or damaged resulting in a loss of scientific or cultural value or

archaeological potential. The setting undergoes a temporary or permanent change that has a

limited effect on the perceived value of the site to s

Public and expert access to the site/resource may be temporarily restricted.

takeholders.
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Medium A large portion of the site is damaged or lost resulting in a loss of scientific or cultural value and
perceived/actual value to stakeholders. The setting undergoes permanent change that diminishes
the value of the site.

Access to the site is permanently reduced or restricted.

High The entire site or resource is damaged or lost, resulting in a loss of all scientific or cultural value or
archaeological potential.
The setting of the site or resource is impacted to such a degree as to cause almost complete loss of

value to stakeholders and loss of access to the site or resource.

7.5.2 Receptor sensitivity
The sensitivity of a receptor or resource describes the characteristics of the target of a certain
impact, i.e. how the receptor or resource may be more or less susceptible to a given impact.

Two key criteria are used to determine the level of sensitivity:

e Importance, describing the qualities of the receptor, e.g. ecosystem functions and its
value as recognised by e.g. its conservation status (e.g. International Union for
Conservation of Nature (IUCN), its protection or prioritisation under EU or Baltic State
legislation, plans, policies, etc.), its cultural importance or economic value, or its
identification by stakeholders with a valid interest in the project. The importance of a
receptor is an inherent characteristic, irrespective of project activities. Where applicable
the importance has been graduated (low, medium, high), e.g. the biological sections,
otherwise it is rated as important or not important. The criteria for determining
receptor/resource importance for the physical-chemical, biological and socio-economic
environment have been provided in Chapter 9 - Environmental baseline.

¢ Resilience to change (or vulnerability), describing the degree to which a resource or
receptor can withstand project activities without a change to its status. Resilience is thus
also characteristic of a receptor but is not inherent to it, as it is also influenced by the
nature of the impact to which it is subject. The resilience to change is discussed in
Chapter 10 - Assessment of environmental impacts.

An evaluation of receptor sensitivity has been adopted in which a qualitative ranking of low,
medium or high has been assigned based on the importance and resilience to change of a
resource/receptor. The overall descriptions of the sensitivity that are used in Chapter 10 -
Assessment of environmental impacts are outlined in Table 7-10, Table 7-11, Table 7-12 and
Table 7-13. In the tables, the importance criteria are used to rank the resources/receptors in
Chapter 9 - Environmental baseline and the overall sensitivity criteria are used in the impact
assessment (Chapter 10).

As outlined in Table 7-12 and Table 7-13, socio-economic resources and receptors have been
considered in terms of: ‘People’ (primarily the local communities, including residents, workers,
visitors, tourists, recreational users and road users in terms of their amenity and safety levels);
‘Economic resources’ (including those associated with tourism, commercial fishery, marine
transport, raw material extraction sites and other commercial uses of land and the marine
environment); ‘Other services’ (non-commercial uses of land and marine areas, e.g. military
practice areas, monitoring stations, roads, etc.) and ‘Cultural heritage’ (tangible and intangible).

All people are considered to be of high importance and therefore do not require a specific
definition of importance ranking. An expansion on the factors influencing their vulnerability to
impacts has been considered and outlined in Table 7-12, as these will be the main determinants
of their levels of sensitivity to impacts.
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Table 7-10 Sensitivity criteria - physical and chemical environment.
Ranking Importance Vulnerability
Low A resource or receptor that is not important to | A resource or receptor that is resilient to change
the wider ecosystem function and/or services. and will naturally and rapidly revert back to
pre-impact status.
Medium A resource or receptor that has an influence on | A resource or receptor that may not be resilient
the wider ecosystem function and/or services. to change but can be actively restored to
pre-impact status or will revert naturally back to
pre-impact status over time.
High A resource or receptor that is critical to the wider | A resource or receptor that is not resilient to
ecosystem function and/or services. change and cannot be restored to pre-impact
status.
Table 7-11 Sensitivity criteria - biological environment.

Ranking

Importance

Resilience change

/vulnerability

Low Species that are not protected or are of least concern (LC) | The receptor is resilient to changes (no
on IUCN and HELCOM Red Lists or other local | detectable changes) and/or is resistant
conservation interest, and are locally common or | to change and will naturally and rapidly
abundant and not important to other ecosystem functions | revert to pre-impact status once
(e.g. as an important food source). Areas that are locally | activities cease (within 1 year).
designated or support species of LC but are common and
widespread in the region.

Medium Species listed as vulnerable (VU), near-threatened (NT) or | The receptor may not be resilient to
data deficient (DD) on IUCN and HELCOM Red Lists, Annex | change (detectable change) but can be
IT of the Habitats and Birds Directives and/or are globally | actively restored to pre-impact status or
common, but rare/relatively rare in the Baltic region; | will revert naturally over time (1-5
and/or are important to ecosystem functions/services. | years).

Areas designated for protection at a national level.
Habitats that support species of medium value and/or
nationally significant concentrations of migratory species.
High Species listed in Annex IV of the Habitats Directive and | Receptor unable to tolerate or avoid

Annex I of the Birds Directive and/or listed as critically
endangered (CR) or endangered (EN) on IUCN and
HELCOM Red Lists
protected or targeted for conservation in EU/Baltic States

and/or specifically designated,
legislation (e.g. HELCOM) or national legislation and/or
restricted range or endemic and/or identified as a key
priority by relevant stakeholder. Areas designated under
the Habitats Directive and/or support CR or EN species or
those that are range restricted, endemic or with globally
restricted range support significant concentrations of
migratory or congregatory species that perform key

ecosystem functions.

impacts (not resilient to change), which
will result in permanent or very long

changes (>5 years).
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Sensitivity criteria — socio-economic environment (excluding cultural heritage, see Table

7-13)

Importance

Economic/ other service

receptors and resources

Vulnerability

General criteria

Factors influencing

vulnerability of People

Low Businesses, livelihoods or uses of | High ability to adapt to | People undertaking
land or marine areas that are key | changes brought about by the | activities, e.g. those
contributors to the economy or other | project. working in industrial
service at the community/local level facilities or agricultural
or contribute to a small extent to areas, where the activities
these at a wider level. are not reliant on amenity
value (e.g. noise levels,

Businesses whose viability is only views, etc.).

indirectly dependent on availability of

road transportation. Occasional road users or
those using roads able to
support high volumes of
traffic.

Medium Businesses, livelihoods or uses of | Ability, at least in part, to | People undertaking
land or marine areas that are key | adapt to changes brought | activities, e.g. commercial
contributors to the economy or public | about by the project, though | activities, which may
service at the regional level or | there may be some areas of | benefit from or be
contribute to a small extent to these | vulnerability. enhanced by amenity
at a national level. values but are not

dependent on these for
Businesses whose viability may be their functioning.
dependent to some extent on
availability of road transportation. Frequent or regular road
users or those using roads
designed to support
moderate levels of traffic.

High Businesses, livelihoods or uses of | Unable to adapt to changes | People undertaking
land or marine areas that are key | brought about by the project. activities, e.g. tourism,
contributors to the economy or other residential, recreational,

the

international level (e.g. commercial

service at national or
fisheries, military practice areas or
by national/international monitoring

agencies).

Businesses whose viability is entirely
dependent on availability of road
transportation.

that are dependent on high

amenity values, notably
low noise levels, visual
amenity, etc.

Frequent  high  volume

regular road user or those

using roads unable to

support high volumes of

traffic, specific sensitive
receptors, (e.g. children
and non-motorised road
users) that may be
particularly vulnerable to
increase in traffic
movements including

through risks to safety.
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Table 7-13 Sensitivity criteria - cultural heritage.

Ranking Importance Vulnerability

Site is not protected under local, national or | Site can be moved to another location or replaced by
international laws or treaties. Site has a similar site, or type of site is common in
limited or no cultural value to local, national surrounding region.

Low or international stakeholders. Site has
limited scientific value or similar information
can be obtained at numerous sites in the

region.

Site is protected by local or national laws, Site cannot be moved or replaced
but laws allow for controlled/regulated without compensation for stakeholders.

impacts; site has considerable cultural value
Medium for local and/or national stakeholders; site
has substantial scientific value but similar
information can be obtained at a limited
number of sites in the region.

Site is protected by local, national and | Site cannot be moved or replaced without complete
international laws or treaties; site has loss of cultural value.

High substantial value to local, national and
international stakeholders; site has

exceptional scientific value and similar site

types are rare to non-existent.

7.5.3 Impact ranking and significance

Impact significance is determined through a combination of impact magnitude and receptor
sensitivity as shown in Table 7-14. A qualitative ranking of negligible, minor, moderate or major
has been assigned. Subsequently, impacts have been determined as either ‘Significant’ or ‘Not
Significant’. Since there is no statutory definition of a significant impact, the determination is
necessarily subjective. For the purposes of the Espoo assessment, a significant impact is one that
should be taken into account by the relevant authority when determining the acceptability of a
project. Where, following assessment, no impact is anticipated, this is stated and no further
discussion provided. In addition to the overall Espoo assessment, the national impact
ranking/significance is presented in Chapter 10 - Assessment of environmental impacts.

Table 7-14 Impact ranking and significance matrix.

Negligible Low Medium High

Low Negligible Minor Minor Moderate

Medium Negligible Minor Moderate

Sensitivity
of receptor

High Negligible Moderate Moderate

! The matrix is provided for guidance in allocating the ranking of impacts listed below. Depending on the specific
context, a ranking may be influenced by factors and consideration beyond those addressed by the matrix criteria,
such that it may deviate from that predicted by the guidance in the matrix. In such circumstances, a justification
has been provided in the text accompanying the ranking.

Impact ranking and significance definitions
Negligible Impacts that result in changes that are indistinguishable from the baseline environmental

and socio-economic conditions or natural variations in them. These impacts are considered
‘not significant’.
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Minor Detectable changes to baseline conditions beyond natural variation. In isolation these are
not expected to damage, degrade or impair the function and value of the resource/receptor.
They are unlikely to influence decision making and are thus considered ‘not significant’. In
combination with other minor impacts, however, they could become significant. These
impacts should therefore be mitigated where feasible.

Moderate Noticeable and lasting changes to baseline conditions that may cause some damage or
degradation of the resource/receptor, which in general will continue to function but with a
degree of impairment. These impacts may or may not be significant, depending on the
context, and additional mitigation may be required in order to avoid or reduce the impact.

Substantial changes to baseline conditions that are likely to disrupt the function and value of
the resource/receptor and may have broader systemic consequences (e.g. ecosystem or
social well-being) and/or result in a breach of standards. These impacts are a priority for
mitigation in order to avoid or reduce the significance of the impact. These impacts are
considered ‘significant’.

The matrix above was used to identify adverse impacts. The Espoo assessment also identified
positive impacts, but it did so based on qualitative terms rather than through the ranking
adopted for adverse impacts.

While the approach and criteria applied to ranking of impacts applied in the Espoo Report and
various EIA/ES of Russia, Finland, Sweden, Denmark and Germany are generally similar there
are some minor variations between them, for example to address differing national
requirements. In some instances there may therefore be some difference between the results
presented in the Espoo Report and the results presented in the national EIAs/ES.

Natura 2000

An assessment of whether a project may result in significant impacts on Natura 2000 sites is
required in accordance with the Article 6(3) and (4) of the Habitats Directive /17/. Therefore an
assessment of potential impacts on Natura 2000 sites associated with NSP2 has been undertaken
in the national EIAs/ES and in separate Natura 2000 assessment documents.

The methodological guidance for Natura 2000 assessment sets out four consecutive steps
comprising screening, appropriate assessment, assessment of alternative solutions and
assessment where no alternative solutions exist and where adverse impacts remain.

The initial step of the assessment is a Natura 2000 screening, which identifies the potential
impacts of a project upon a Natura 2000 site(s), either alone or in combination with other
projects or plans, and considers whether these impacts are likely to be significant.

Section 10.6.6 of the Espoo Report includes the results of the Natura 2000 screenings and
appropriate assessments undertaken in relation to the national EIAs/ES.

Strictly protected species (Annex IV)

Article 12a of the Habitats Directive /17/ are aimed at the establishment and implementation of a
strict protection regime for animal species listed in Annex IV(a) of the Habitats Directive within
the whole territory of Member States.

In accordance with the Habitats Directive, the following is prohibited for strictly protected
species:

e All forms of deliberate capture and keeping and deliberate killing;

e Deliberate damage to or destruction of breeding or resting sites;

e Deliberate disturbance of wild fauna particularly during the period of breeding, rearing
and hibernation, in so far as disturbance would be significant in relation to the objectives
of this Convention;

e Deliberate destruction or taking of eggs from the wild or keeping these eggs even if
empty;
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e Possession of and internal trade in these animals, alive or dead, including stuffed animals
and any readily recognisable part or derivative thereof, where this would contribute to the
effectiveness of the provisions of this Article.

In the Baltic Sea, the marine species on Annex IV are cetaceans. In addition, a number of Annex
IV species can be found onshore in Germany. An assessment of potential impacts to strictly
protected species is summarised in Chapter 10 - Assessment of environmental impacts as part of
the impact assessment for Marine mammals and Onshore - landfall Germany.

Cumulative impacts

While the assessment of the NSP2 project will take account of the presence and impacts of other
existing development in its vicinity (which form part of the baseline), there is also a need to
consider the interaction between the impacts arising from NSP2 with those of other foreseeable
developments which are not yet in existence but are likely to be under construction or to have
been completed by the time NSP2 is constructed or operational. Such cumulative impacts have
been considered through the identification of future planned development within the area of
influence of NSP2 and a predominately qualitative assessment of the potential inter-project
impacts with NSP2. In addition, the cumulative assessment of the existing NSP pipelines has
been undertaken. This is addressed in Chapter 14 — Cumulative impacts.

Transboundary impacts
The Espoo Convention (Article 1 viii) defines a transboundary impact as:

“...any impact, not exclusively of a global nature, within an area under the jurisdiction of a Party
caused by a proposed activity the physical origin of which is situated wholly or in part within the
area under the jurisdiction of another Party.”

The convention requires that assessments be extended across borders between parties of the
convention when a planned activity may result in transboundary impacts. The key objective of an
EIA in a transboundary context is thus the rigorous assessment and succinct communication of
such anticipated transboundary impacts to the APs, including the public in these countries.

NSP2 crosses the jurisdiction of several countries and is being constructed in a marine
environment, where an impact may propagate some distance from its source. As such, there is a
potential for transboundary impacts. As identified above (Section 7.5.1), the identification of
transboundary impacts has been a key element of impact classification. The assessment reported
in Chapter 10 - Assessment of environmental impacts therefore specifically identifies which
impacts may be transboundary in nature. All transboundary impacts are also summarised in
Chapter 15 - Transboundary impacts to assist in the communication of transboundary impacts to
each AP.

Approach to mitigation

The EIA Directive (Article 5(3)) requires the EIA Report to include “a description of the measures
envisaged in order to avoid, reduce and, if possible, remedy significant adverse effects”, while
the Espoo Convention (Appendix II (e)) specifies similar considerations. For NSP2, such measures
are termed ‘mitigation measures’. A mitigation hierarchy approach has been adopted, whereby
priority has been given to:

e Avoiding or preventing impacts;

e Reducing impacts that cannot be avoided or prevented;

e If the above is not possible, offsetting impacts through repair (restoration or
reinstatement) or, as a last resort, compensation.

This approach is driven by the policies of Nord Stream 2 AG, notably those related to its approach
to environmental and social management, which specifies the requirement to “adopt a mitigation
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hierarchy”. This is also reflected in its cultural heritage and biodiversity policies. A draft
commitment register has been produced in parallel with the preparation of the national ES/EIAs
to take account of, or specify modifications to, the mitigation measures that will be imposed
during construction and operation to avoid or limit the occurrence of potentially significant
environmental impacts.

The mitigation measures and policies considered in the Espoo assessment can be divided into
three types:

e Embedded mitigation that is provided through the design of NSP2;

e Mitigation to be delivered through the application of further standard mitigation
measures, i.e. well established and tested procedures that are required to address
regulatory requirements (e.g. as specified in the MARPOL Convention, HELCOM
Convention, etc.);

e Further project specific mitigation measures required to address particular impacts that
could arise from NSP2.

The hierarchy is described in Section 5.2.1

Embedded mitigation opportunities have been identified based on the experience of NSP and
through the application of further considerations throughout the development and design of NSP2
and its associated construction and operational activities. Potentially significant impacts
(negative) identified through the national EIA processes have been taken into consideration in
the design process to determine whether they can be avoided at the source, reduced or
otherwise mitigated in accordance with the mitigation hierarchy outlined above. This process has
also been informed by issues raised during consultations. Examples of such measures include
route alignment to avoid sensitive areas, selection of vessel types to minimise the footprint of the
project and selection of trenching methods to minimise sediment mobilisation into the water
column.

Where potentially significant impacts were identified, specific additional standard and project
specific mitigation measures were developed. The national EIAs/ES evaluate the impacts
remaining after application of such mitigation. All measures have then been captured within the
commitment register to provide a complete list of mitigation requirements for NSP2 under the
three categories.

Espoo Report W-PE-EIA-POF-REP-805-040100EN



8.1

8.2

Page 134 of 642

IDENTIFICATION OF ENVIRONMENTAL IMPACTS

Introduction
This chapter outlines the results of the environmental impact identification exercise, which
comprised the following sequential steps:

e Systematic review of the project infrastructure and activities described in Chapter 6 -
Project description to determine which activities could potentially interact with each of the
environmental receptors identified in the Espoo EIA scoping exercise;

o Identification of the propagation characteristics of key sources of impacts and
determination of the nature of impacts that may materialise (Section 8.3).

The analysis above informed the establishment of the spatial area of study and hence the focus
of subsequent baseline analyses and assessments (Chapters 9 - Environmental baseline and 10 -
Assessment of environmental impacts), including in the identification of potential impacts that
could be eliminated from further consideration.

Identification of project - receptor interactions

The first stage of the impact identification is based on an analysis of the project facilities and
activities, the potential sources of impacts arising from its construction and operation, i.e. the
elements of project activities that could interact with the various environmental receptors that
may be present in its vicinity (decommissioning is addressed separately in Chapter 12 -
Decommissioning). A summary of this analysis is provided in Table 8-1, Table 8-2 and Table
8-3).

Table 8-1 Project interactions with physical-chemical receptors.

Receptor

POTENTIAL SOURCE

PROJECT COMPONENT OF IMPACT

Terrestrial geomorphology and
topography
Fresh water hydrology
(surface and groundwater)
Marine geology, bathymetry and
sediments
Marine hydrography and
seawater quality
Climate and local air quality

Onshore landfall areas Physical changes to
e Land acquisition | landform or land cover X X
(temporary and | (natural or man-made)
permanent) Light (from  working
e Site preparation are_as) -
e Earthworks and N0|se_ generation (work
w X machines, traffic, power
‘!t’ de\_/va_terlng generation, etc.)
E ® Building of structures Emissions to air
- ® Pipe-laying (chemical pollutants,
o e Site restoration GHGs and dust from X
) s e S earthworks pla]nt, traffic,
g power generation, etc.)
& ® Work camp Land acquisition/use
B ® Pre-commissioning i
Cz> activities Employment generation
o

Onshore ancillary Traffic movements

® Pipe coating (x2) Releases to land and X
e Pipe storage (x5) water i
e land transport material | Change o local
i reEs microclimate X
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Receptor

sediments
Marine hydrography and
seawater quality
Climate and local air quality

Marine geology, bathymetry and

Marine Physical changes to
e Vessel movements seabed features (natural X
e Munitions clearance S [EIIECE FRalEs)
® Seabed interventions Release of sediments to x
- Pre-lay trenching | the water column
(dredging) Release of contaminants
- Post-lay trenching | and nutrients to the
(trenching) water  column (e.g. -
- Rock placement sediment associated
- Crossing of | contaminants and
infrastructure nutrients, CWAs, etc.)
- Pipe-laying Sedimentation on x
) : seabed
Marine ancillary Cemaaien of
. Shipment of coated e e
pipes from Kotka to | (nitions  clearance,
Hanko rock  placement, DP
thrusters, etc.)
Presence  of vessels
(airborne noise, visual
including light, vessel
movement, conflict of
marine space, etc.)
Safety zones around
construction vessels
Release of air pollutants X
and GHGs from vessels
Introduction of non-
indigenous species (NIS)
(ballast or other
pathways)
Employment generation
Onshore landfall areas Change to landform or X X
e Presence of structures | 1and cover
(buildings, PTA, etc.) Light (from buildings)
® Receipt and storage of . .
waste Noise generation
Emissions to air X
Releases to land and
water
Land acquisition/ use
w
‘{t) Employment generation
I
; Traffic movements
° -
[ Change in local X
§ microclimate*
E Marine o Presence of pipelines X X
o ® Presence of pipelines
e Gas movement in the 'Safety. zones around
T inspection/maintenance
pipeline
. . vessels
e Inspection/ maintenance Heat exchange between
the pipelines and the X X
surrounding
environment
Presence  of vessels
(airborne noise, visual
including light, vessel
movement, conflict of
marine space, etc.)
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Receptor

POTENTIAL SOURCE

PROJECT COMPONENT OF IMPACT

Terrestrial geomorphology and
topography
Fresh water hydrology

(surface and groundwater)

sediments
Marine hydrography and
seawater quality
Climate and local air quality

Marine geology, bathymetry and

Underwater noise from
the pipeline

Release of air pollutants
and GHGs from vessels
Introduction  of  NIS
(ballast or other
pathways)

Release of contaminants
from pipeline anodes

* for Germany only in line with national EIA requirements

Table 8-2 Project interactions with biological receptors.

Receptor

POTENTIAL SOURCE

PROJECT COMPONENT OF IMPACT

Terrestrial flora and fauna
Plankton
Benthic flora and fauna
Marine mammals
(seabirds and waterbirds)
Natura 2000 sites
Other protected areas
Marine biodiversity
(including ecosystem)

Onshore landfall areas Physical changes to

e Land acquisition | landform or land cover | X X
(temporary and | (natural or man-made)
permanent) Light (from working X -
e Site preparation areas)
e Earth K d Noise generation (work
dar :vo_r S a7 machines, traffic, power | X X
ULl generation, etc.)
® Building of structures Emissions to air
® Pipe-laying (chemical pollutants,
e Site restoration GHGs and dust from X X
w ® Transportation to site carthworks plant,
7 - traffic, power
§ @I =i generation, etc.).
o ® Pre-commissioning Land acquisition/use X X
activities
C:> Employment generation
5 Onshore ancillary Traffic movements
2 ® Pipe coating (x2)
5 ® Pipe storage (x5) Releases to land and
Z | ® Land transport material Waten X X
O and rocks
Marine Physical changes to
e Vessel movements seabed features (natural X X X X x
e Munitions clearance ?:adtures) LT (EEE
® Seabed interventions :
i Release of sediments to
" iy trenching | the water column e X XE XXX X
_ f)dretc_:llgmg) ¢ hi Release of contaminants
0s iY renching and/or nutrients to the
é{trelrzc I'"g) . water column  (e.g. X [ x| x| x| x| x| x X
) COC placemen ¢ | sediment associated
= Cieky) O | contaminants and
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infrastructure
- Pipe-laying

Marine ancillary
Shipment of coated pipes
from Kotka to Hanko

POTENTIAL SOURCE
OF IMPACT

Terrestrial flora and fauna

nutrients, CWAs, etc.)

Plankton

Benthic flora and fauna
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Receptor

Marine mammals
(seabirds and waterbirds)
Natura 2000 sites
Other protected areas
Marine biodiversity
(including ecosystem)

Sedimentation on
seabed

Generation of
underwater noise
(munitions clearance,
rock placement, DP
thrusters, etc.)

Presence of vessels
(airborne noise, visual
including light, vessel
movement, conflict of
marine space, etc.)

Safety zones around
construction vessels

Release of air pollutants
and GHGs from vessels

Introduction  of NIS
(ballast or other
pathways)

Employment generation

OPERATION PHASE

Onshore landfall areas

e Presence of structures
(buildings, PTA, etc.)

® Receipt and storage of
waste

Change to landform or
land cover

Light (from buildings)

Noise generation

Emissions to air X

Releases to land and
water

Land acquisition/ use

Employment generation

Traffic movements

Marine

® Presence of pipelines

e Gas movement in the
pipeline

e Inspection/maintenance

Presence of pipelines

Safety zones around
inspection/maintenance
vessels

Heat exchange between
the pipelines and the
surrounding
environment

Presence of vessels
(airborne noise, visual
including light, vessel
movement, conflict of
marine space, etc.)

Underwater noise from
the pipeline

Release of air pollutants
and GHGs from vessels

Introduction  of  NIS
(ballast or other
pathways)

Release of contaminants
from pipeline anodes
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Onshore landfall areas

POTENTIAL
SOURCE
IMPACT

Physical changes to

Cultural heritage

Project interactions with socio-economic receptors.

Tourism and recreational activities

Commercial fisheries

Page 138 of 642

Receptor

Economic

Raw material
extraction sites

Other services

Existing and planned infrastructure
Agriculture & other land based activities
Military practice areas
International/national
Monitoring stations
Public services

e Land acquisition | landform —or land X X
(temporary and | cover (natural or
permanent) man-made) .
e Site preparation Ia_lrgér;ts)(from working X
Earthworks and MNoise  generation
dewatering (work machines, X
® Building of structures traffic, power
® Pipe-laying generation, etc.)
e Site restoration Emhissi_onf to air
® Transportation to site éf)lﬁjrpalrf:s GHGs
® Work camp and dust from X
® Pre-commissioning earthworks plant,
activities traffic, power
generation, etc.).
Onshore ancillary Land acquisition/ X X
® Pipe coating (x2) use
e Pipe storage (x5) Employment X
e land transport material GENEation
Traffic movements
and rocks X
;"y‘, Releases to land and
= water
o Marine Physical changes to
cz, ® Vessel movements seabedl ;eatures X X
E | ® Munitions clearance el diE S e
o ) - made features)
= ® Seabed interventions Release of
= - Pre-lay trenching | sediments to the X X
4 (dredging) and | water column
o backfilling ) Nl o
(5] - Post-lay trenching R
(trenching) and/or nutrients to
- Rock placement the water column
ghciossing of | (e.q. sediment X
infrastructure s EEd
- Pipe-laying contaminants  and
- Hydrotesting nutrients, CWAs,
. . etc.)
Ma_rme ancillary . Sedimentation on
Shipment of coated pipes B X
from Kotka to Hanko
Generation of
underwater noise
(munitions X
clearance, rock
placement, DP
thrusters, etc.)
Presence of vessels
(airborne noise,
visual including
light, vessel X
movement, conflict
of marine space,
etc.)
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Safety zones around

Cultural heritage

Tourism and recreational activities

Commercial fisheries
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Receptor

Economic

Raw material

Other services

extraction sites
Existing and planned infrastructure
Agriculture & other land based activities
Military practice areas
International/national
Monitoring stations
Public services

pipelines and the
surrounding
environment

. X X X X X X
construction vessels
Release of air
pollutants and GHGs
from vessels
Introduction of NIS
(ballast or other
pathways)
Employment
. X
generation
Onshore landfalls Change to X X
e Presence of structures | landform/cover
(buildings, PTA, etc.) Light (from
® Receipt and storage of | buildings) X
waste Noise generation x
Emissions to air
X
Releases to land and
water
Land acquisition/
use X
Employment
generation X
Traffic movements
‘I-;J) Marine Presence of X x | x X
< | Presence of pipelines pipelines
o e Gas movement in the | Safety zones around
cZ> pipeline inspection/maintena X | X X X X X
F | ® Inspection/maintenance nce vessels
E Heat exchange
between the
w
[
o

Presence of vessels

(airborne noise,
visual including
light, vessel
movement, conflict
of marine space,
etc.)

Underwater noise

from the pipeline

Release of air
pollutants and GHGs
from vessels

Introduction of NIS

(ballast or other
pathways)

Release of
contaminants from

pipeline anodes
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Chemical warfare agents and conventional munitions

The potential sources of impacts associated with CWAs and conventional munitions relate to the
detonation of conventional munitions and to mobilisation and redistribution of contaminated
sediments from the seabed where CWAs are present. The resulting release of hazardous
substances into the marine environment has the potential to impact plant and animal life directly
or through the food chain. These impacts have therefore been identified as part of the project
interactions with the physical-chemical, biological and socio-economic receptors highlighted for
further study, as documented above in Table 8-1, Table 8-2 and Table 8-3.

During consultations, consideration of CWAs was identified as a particular concern by Estonia,
Finland, Germany and Poland, notably in relation to the potential for transboundary impacts to
occur as a result of project activities within the Bornholm Basin that may disturb CWAs. In order
to reflect such concerns and give this issue due consideration and prominence, all impacts on the
various receptors that could arise as a result of the disturbance of CWAs have also been
summarised in standalone sections within the baseline and assessment chapters (Section 9.14
and 10.13). The location of conventional munitions is also considered in Section 9.13, even
though these impacts are addressed under the relevant receptors (notably fish and mammals) in
Chapter 10 - Assessment of environmental impacts.

Propagation characteristics of key sources of impacts

Many of the NSP2 activities with the potential to generate environmental impacts take place in
marine waters during the construction phase. In many cases, whether a significant impact will
materialise will be influenced by the extent of propagation through the marine environment of the
physical changes that arise from such activities. This is particularly relevant to the identification
and consideration of transboundary impacts that may be experienced some distance from the
location of the source of impact. Therefore an important early task in the Espoo EIA process was
the determination of such propagation characteristics as a means to establish the areas of
influence and hence the appropriate spatial focus for the baseline studies and subsequent
assessments. This was undertaken through a review of the results of targeted modelling and
monitoring studies undertaken as part of the national NSP2 EIAs/ES. The main findings that have
determined the area of influence are outlined below. Further information is provided in Section
10.1 and Appendix 3, whilst potential impacts are assessed in Chapter 10 - Assessment of
environmental impacts.

Physical changes of seabed features and sedimentation on the seabed

Various seabed works, e.g. trenching (pre-lay trenching (dredging), post-lay trenching), rock
placement, anchor handling and munitions clearance, will cause physical disturbance of the
seabed and may also create new features on the seabed, e.g. spoil heaps (from trenching) and
rock piles below and around the pipelines (Chapter 6 - Project description), while settlement of
suspended sediment may increase the sediment layer.

The maximum distance on each side of the pipeline within which such direct seabed disturbance
may occur will be 100 m for trenching, 100 m for rock placement and 1,000 m for anchor
handling. Depending on the size and nature of the munitions being detonated, disturbance of the
seabed may extend up to approximately 7-8 m from the detonation location /25/.

Outside the 100 m zone of immediate disturbance (described above), the suspended sediment is
predicted to settle in areas close to the pipeline with only very small areas with sediment layers
exceeding 1 mm. Further information is provided in Section 10.1 and Appendix 3.

Release of sediments to the water column

Modelling undertaken for the national EIAs/ES indicates that increases in suspended sediment
concentration (SSC) during construction of NSP2 will be driven primarily by trenching before
pipe-laying (dredging), which takes place in nearshore areas, and after pipe-laying (trenching by
ploughing), which would be required in selected sites offshore. Approximately 3.5 km and 50 km
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of dredging are anticipated at the Russian and German nearshore areas, respectively. Ploughing
is estimated to be required at approximately 7 locations over some 265 km of the route (see
Atlas Map PR-02-Espoo to PR-05-Espoo). The release of sediment therefore will be localised to
these areas, with its propagation, and subsequent sedimentation, dependent on water depth
(which influences, e.g., grain size distribution) and hydrographical conditions.

Dredging activities at the landfalls will give rise to the largest sediment plumes. In the nearshore
area along the coastline in Russia, the maximum distance of elevated SSC of 10 mg/l over a
period of more than 24 hours is modelled to be 10 km south of and up to 30 km north of the
dredging location. Furthermore, increased concentrations close to the dredging location are found
up to 5 km from the coastline. Sediment dispersion in Germany varies from 200 m in the
Pomeranian Bay to 500 m - 1 km in the Greifswalder Bodden. Further information on the
duration and level of increase in SSC for such activities is provided in Section 10.1 and in
Appendix 3.

Modelling of a worst-case ploughing scenario predicts that increases in SCC may extend up to
25 km from the ploughing site. However, only very low concentrations of suspended sediments
reach that distance.

Rock placement will also release suspended sediment to the water column, but to a much lesser
extent than dredging or ploughing activities. Modelling of SSC dispersion for rock placement
predicts that while some increase in SSC could occur up to 10 km from the pipeline, the
concentration would only be slightly above the average SSC and well within natural variations.
Furthermore, because rock placement activities are restricted to discrete locations, subsequent
impacts will similarly be limited to the very immediate vicinity of such activities. Further
information is provided in Section 10.1 and Appendix 3.

Anchor handling and the thrusters of DP vessels may also disturb the seabed, resulting in the
release of sediment to the water column. However, in the case of DP vessels this impact would
be restricted to shallow waters and localised.

Release of sediment-associated contaminants to the water column

Release of sediment-associated contaminants to the marine environment is closely linked to the
seabed intervention works undertaken. With regard to SSC, dispersion is dependent on the
physical settings. Modelling undertaken in Finland and Russia indicated that munitions clearance
in Finland and Russia will result in the greatest area of exceedance of predicted no-effect
concentration (PNEC) values for the three modelled contaminants - BaP (PAH), PCDD (dioxins)
and Zn. A total area of approximately 163 km?, 57.1 km? and 4.82 km? will occur for the three
contaminants respectively. The maximum duration of the exceedance will be in the order of 3-19
hours, although this will only apply in an area much smaller than the total and close to the
source. In nearshore and shallow waters, dredging will result in the greatest area experiencing an
exceedance of PNEC values for the three modelled contaminants. A total area of approximately
172 km?, 108 km? and 53 km? respectively will experience an exceedance of PNECgap, PNECpcpp/r
1EQ upper @aNd PNECz, values. The maximum duration of the exceedance will be in the order of 256-
374 hours, although this will only apply to an area much smaller than the total and close to the
source.

Underwater noise

Underwater noise can potentially arise from a range of NSP2 construction activities notably
munitions clearance (by far the loudest activity), followed by rock placement. Beyond the
immediate vicinity of the noise-generating activity, the noise level associated with trenching,
pipe-laying, anchor handling, construction vessel movements and other construction activities will
be generally undistinguishable from the background noise levels in the Baltic Sea, where there is
already a large volume of ship traffic.
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Noise modelling for munitions clearance, which may take place in Russia and Finland, show that
in a worst-case scenario the threshold for impacts on marine mammals may be exceeded up to
23 km and 60 km from the detonation site for permanent and temporary hearing loss,
respectively. The distance at which these levels will be experienced, however, depends on
numerous parameters, such as water depth and seabed structure. Impacts (injury) on birds in
the worst case may be experienced up to approximately 2 km from the munitions detonation site,
while those for fish may occur up to 1.5 km from the detonation site.

Underwater noise predictions for rock placement show that thresholds above which receptors can
be impacted are exceeded for mammals only in very close vicinity (0-80 m) to the construction
activities (with the exception of avoidance reactions). Results from underwater noise modelling of
vibro-piling and dredging show that noise propagations are even smaller.

Release of contaminants from anodes

Sacrificial anodes of zinc and aluminium alloy will be attached to the pipeline to prevent
corrosion. Beyond the immediate vicinity of the anode (i.e. <5 m), the concentrations of metal
ions within the water column as a result of anode degradation during the operation phase will
generally be undistinguishable from background concentrations. Within the immediate vicinity of
the anode, PNEC values may be exceeded by zinc and aluminium. Monitoring along NSP showed
that concentrations of heavy metals were below the detection limit approximately 1-2 m from the
pipelines and hence well below the PNEC. The concentrations of cadmium and lead in the water
column around both the aluminium and zinc anodes will be so low that they will fall below the
ecotoxicological assessment criteria (EAC) and PNEC values. For further information see Appendix
3, Section 2.4.3.
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ENVIRONMENTAL BASELINE

Introduction to the environmental baseline

This chapter describes the physical-chemical, the biological and the socio-economic environments
that could be affected by the construction and operation of NSP2. This description will be used as
the basis of the Espoo impact assessments.

The description has been prepared on the basis of:

e The national EIAs/ES of the PoOs for NSP2;

e Experience from NSP, including monitoring;

e Data and reports from national authorities;

e Publication of and data accessed from databases of multilateral agencies and
nongovernmental organisations (NGOs) (e.g. HELCOM, IUCN, International Council for the
Exploration of the Sea (ICES));

e Scientific literature, technical reports and data relevant for the Baltic Sea;

e Surveys commissioned by Nord Stream AG and Nord Stream 2 AG.

A consultation process was undertaken primarily with national and international agencies and
experts contributing to the clarification of focus areas, see Chapter 4 - Espoo process.

Furthermore, a number of environmental field surveys have been conducted to ensure a solid
basis for the baseline description and the subsequent environmental impact assessment, see
Table 9-1.

Table 9-1 Environmental surveys along the preferred NSP2 route undertaken in 2015-2016 in the
five PoOs.

Environmental surveys along the preferred NSP2 route in 2015-2016

RU

Marine
Seawater

- Turbidity, solid matter, currents X

- pH, conductivity, salinity, oxygen, temperature X x! X X X

- Inorganic contaminants + nutrients X X

- Total organic carbon (TOC) X X
Sediment

- Grain size distribution X X X X

- Inorganic/organic contaminants X X X X X

- CWAs X
Plankton X
Flora (higher plants and macrophytes) X X
Benthic fauna X X X X X
Fish X X
Birds X X
Marine mammals X X
Underwater noise X x?2
Onshore - landfall areas
Landform and topography X X
Hydrology X X
Geology and soil X X
Air quality X
Radiation X
Biotope mapping X X
Flora (higher plants, bryophytes (moss/liverworts), lichens, fungi) X X
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Environmental surveys along the preferred NSP2 route in 2015-2016

RU FI
Insects X x3
Amphibian X X
Reptiles X X
Birds X X
Terrestrial mammals X x4

Social survey (resident survey for the rock transportation route,

Kotka) X
Social survey (social impacts questionnaire) X
Cultural heritage (Narva Bay) X

1: no pH in Finland, 2: Background noise measurements during NSP construction 2010 and 2011, 3: Beetles, 4:
Bats

In compiling the information for the Espoo Report, an attempt has been made to be
comprehensive without having to repeat the detailed information included in individual survey
reports and national EIA/ES documents. Noting that the scope varies from survey to survey, the
reader is referred to the original documents for methodological descriptions, survey objectives,
the period covered and any underlying assumptions.

Reference is made throughout this chapter to the thematic Map Atlas produced by Nord Stream 2
AG as part of the environmental studies of the project. This atlas should be considered as an
integral part of this report.

In the baseline descriptions, a measure of distance to NSP2 is often shown. The distance is based
on information from the national EIAs/ES and therefore reflects what is required in the national
EIAs/ES. In Finland, the distances are from the nearest pipeline considering the two sub-
alternative routes, see description in Chapter 5 - Alternatives.
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Physical and chemical environment

Marine areas

The Baltic Sea is one of the largest brackish water bodies in the world, with a surface area of
approximately 415,000 km?, a catchment area of approximately 1.7 million km?, and a total
volume of approximately 21,700 km?® /28/, /29/. It is located between 53° to 66° northern
latitude and 10° to 26° eastern longitude and is bordered by the Scandinavian Peninsula, the
mainland of northern Europe, Eastern Europe and central Europe, and the Danish islands.

The physical and chemical environment of the project area defines the conditions for the
biological and the socio-economic environment. Therefore the physical and chemical environment
can be considered as a receptor in itself and, more importantly, as a carrier of the impacts from
the project activities to the biological and socio-economic receptors. It is therefore considered
critical to the wider ecosystem function and/or services it provides. As such, all physical and
chemical receptors are considered to be of high importance and discussed below.

Marine geology, bathymetry and sediments
Marine geology and tectonics

Marine geology
The geology of the Baltic Sea comprises bedrock covered by sediments, as shown in Atlas Map
GE-01-Espoo. The morphology of the bedrock is a result of fluvial and glacial erosion, with
troughs and valleys created by erosion of less resistant bedrock layers forming pronounced
seabed features.

The bedrock is covered by Quaternary sediment deposits formed during the last ice age and
during different post-glacial Baltic Sea development stages /30/. The deposits are dominated by
glacial till comprised of a mixture of grain sizes, from clay to boulders, varying in thickness from
a few metres to several tens of metres. These till deposits are hard and possess high strength as
a result of the pressure of the overlying ice. Late-glacial and post-glacial sediments occur upon
the glacial deposits. The late-glacial sediments are mainly clay, silt and sand. These deposits are
covered by even younger deposits of mainly clay and silt.

The distribution of sediments in the sea floor is a result of the Quaternary geological history of
the Baltic Sea and the subsequent sediment dynamic in the marine environment. Bedrock
without a cover of younger sediments is found only in nearshore areas in the northern Baltic
Proper and the Gulf of Finland or where steep slopes are present on the seabed. Exposed till is
found on top of or at the sides of topographical heights and on steep slopes at the sea floor.

Tectonics

The Baltic Sea is situated on the Eurasian continental plate, providing relatively stable geological
conditions. The area is nearly devoid of earthquake activity in global terms /31/. However,
seismic activity in the form of small-scale earthquakes occurs occasionally. This activity is mainly
the result of stress release in the lithosphere caused by the uplift following the deglaciation at the
end of the latest ice age. Along the proposed NSP2 route, the recent relative uplift varies
between less than 3 mm/year to about -1 mm/year.

Atlas Map GE-03-Espoo shows incidents of earthquakes measured in the Baltic Sea during the

period 2002-2015 in Finland, Sweden and Denmark, as well as the location of the so-called
Tornquist Zone (a 30-50 km wide zone of extensive faulting developed in late Cretaceous/early
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Tertiary time). All recorded incidents have a magnitude below 5 on the Richter scale, confirming
the low seismic activity in the area.

A probabilistic seismic hazard assessment carried out for the NSP route corridor in 2007
concluded that the seismic hazard along the pipeline route is low /33/. This assessment is
considered to remain valid for the proposed NSP2 route, due to the proximity to the NSP route.

During a marine geological mapping in 2005, the Geological Survey of Sweden (SGU) discovered
scars of two submarine landslides in the south-east Baltic Sea. An additional landslide scar was
identified in the Swedish EEZ in 2014. The location of the scars, in glacial sediments in areas of
very gently sloping sea floor, strongly suggest that the slides were triggered by palaeoseismic
activity, probably at the very end of the Late Weichselian or during the Early Holocene geological
time periods /32/. Landslides have not been reported in the Baltic Sea in recent geological time.

Bathymetry

The bathymetry of the Baltic Sea is determined by the geological settings and history as outlined
above. The bathymetry is the subsea landscape, which is important for both the design of the
pipeline route and for the marine life in the Baltic Sea.

The Baltic Sea is a semi-enclosed area connected to the surrounding oceans through the shallow-
water and narrow Danish straits, which connect the brackish water of the Baltic Sea with the
oceanic water of the North Sea. The bathymetry is characterised by basins separated by sills
/34/, with a maximum depth of 459 m and average depth of 52 m /28/, /29/. Two sills in the
transition zone between the North Sea and the Baltic Sea (the Darss Sill, with a water depth of
18 m, and the Drogden Sill, with a water depth of 8 m) effectively limit the inflow of saline,
oxygen-rich water to the Baltic Sea to rare occurrences of storms from the west (see Section
9.2.2).

The proposed NSP2 route runs across several of the Baltic Sea sub-basins from the Gulf of
Finland in the north-east to the south-western Baltic Sea (see Figure 9-1 and Atlas Map BA-01-
Espoo). A depth profile showing the bathymetry along the proposed NSP2 pipeline route from the
Russian landfall to the German landfall is shown in Figure 9-2. Figure 9-3 and Figure 9-4 show
the detailed bathymetry at the Russian and German landfalls respectively.
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Figure 9-1 Bathymetry of the Baltic Sea, showing the preferred NSP2 route option and the various

sub-basins. The Darss Sill and the Drogden Sill are shallow-water thresholds controlling
the inflow of saline water to the Baltic Sea.
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Figure 9-2 Water depth per KP along the NSP2 route, from the Russian landfall to the German

landfall.
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Figure 9-3 Bathymetry near Russian landfall area.

As shown in Figure 9-3, the bathymetry near the Russian landfall area increases smoothly from
0 m at the landfall to a depth of approximately 40 m at a distance of 30 km from the landfall.
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Figure 9-4 Bathymetry near German landfall area

As shown in Figure 9-4, the area near the German landfall is a shallow water region (in general
depths less than 20 m) comprising the Pomeranian Bay and the Greifswalder Bodden. These
areas are characterised by shallow banks (the Oderbank (not in figure) and the
Boddenrandschwelle respectively) and artificially built navigation channels /35/.

Espoo Report W-PE-EIA-POF-REP-805-040100EN



9.2.1.3

9.2.1.4

Page 150 of 642

Seabed sediment dynamics

The distribution of sediments in the Baltic Sea floor is governed by a number of factors, such as
water depth, wave size and current pattern. Two general zones can be outlined: a ‘zone of
sedimentation’ and a ‘zone of erosion or non-deposition’.

Zones of net sedimentation are generally deep basins or sheltered areas, such as the Gulf of
Finland and the Northern Baltic Proper, where seabed sediments consist mainly of unconsolidated
fine-grained sediments (classified as “"mud” in Atlas Map GE-02-Espoo). Zones of erosion or
non-deposition are generally shallower waters and areas exposed to wave- or current-induced
water motion. Such areas include the areas south and south-west of Gotland, where seabed
sediments consist of coarser sediments (sand, gravel and stones) and lag sediments, typically
eroded glacial clay till (see Atlas Map GE-02-Espoo).

The net accumulation rates have been estimated based on sediment layer dating using
radioactive tracers. A study of sediments from 69 positions in the Baltic Proper, the Bothnian Sea
and the Gulf of Finland has shown net sedimentation rates in the range 60-6,160 g/m?/yr /36/.
Other investigations have shown net sedimentation of 1.5-4 mm/yr or approximately 400
g/m?/yr in the Gulf of Finland and 0.5-2.3 mm/yr in the Baltic Proper /36/. Measurements from
the eastern Gotland Basin show net sedimentation rates in the range 0.17-3.0 mm/yr. Other
studies of the sedimentation rate in the eastern Baltic Sea have shown values in the order of
maghnitude of
1 mm/yr /37/.

Seabed surface sediments may be re-suspended into the water column by the action of waves,
currents, marine life and/or anthropogenic impact, i.e. there is a two-way dynamic interaction
between the seabed sediments and the suspended sediments /38/. Suspended sediments are
discussed further in the subsequent section.

Suspended sediments

Suspended sediments are inorganic and organic particles that remain in the water column as a
result of turbulence. The SSC is measured either directly, as the unit mass of particles per
volume unit of the mixture (mg/l), or indirectly, as turbidity (Nephelometric Turbidity Unit, NTU),
which is the attenuation of light caused by the particles suspended in the water (see Section
9.2.2.8).

The natural concentration of suspended sediments in the water column depends on the balance
between the following mechanisms:

e Sediments produced in the water column by chemical precipitation and/or by biological
activity, e.g. algae growth (autochthonous sediments);

e Sediments advectively supplied, e.g. from riverine inflow and from the adjacent sea areas
(allochthonous sediments);

e Upwards transport of sediments from the seabed provided by turbulent diffusion
(resuspension);

e Settling of suspended sediments to the seabed (sedimentation).

Therefore the natural SSC in the Baltic Sea depends on a number of factors, including seabed
sediment type, water depth, stratification of the water column, fetch (length of water over which
a given wind has blown), algae growth, advection, etc.

Routine measurements of the natural SSC do not take place in the Baltic Sea. Therefore natural

SSCs have been determined through a review of empirical monitoring data from the following
research and construction projects:
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1. NSP baseline monitoring at Hoburgs Bank and Norra Midsjébanken, Swedish waters,

November 2010 to August 2011 /39/.

2. Fehmarnbelt Fixed Link baseline monitoring, Fehmarnbelt, German and Danish waters, March

2009 to January 2010 /40/.

3. @resund Fixed Link, the Sound, Swedish and Danish waters, 1992-1994 /41/.
4. NSP baseline monitoring, Greifswalder Bodden and Pomeranian Bay, German waters, April to

December 2010 /42/.

5. The Baltic Sea System Study (BASYS) research project, Pomeranian Bay, Polish and German

waters, 1996-1998 /43/.

Results from these investigations are shown in Table 9-2 below.

Table 9-2 Level of SSC measured at various locations in the Baltic Sea.

Project within the Baltic Sea SSC in calm weather SSC in rough
weather (mg/I)

Hoburgs Bank and Norra Midsjébanken, Sweden /39/ 0-2 2-10

/38/

Fehmarnbelt, Germany, Denmark /40/ 1-4* 5-30

The Sound, Sweden and Denmark /41/ 0-22 20-40

Greifswalder Bodden, Germany /42/ <5 10-40°

Pomeranian Bay, Germany /42/ <5 5-60*

Pomeranian Bay, Poland and Germany /43/ 2-12

Range of 1-2 mg/l and 1-4 mg/| at the surface/midwater and bottom waters respectively.

Range of 0-1 mg/l and 1-2 mg/I at the surface and bottom waters respectively.

1

2

3. Based on wave heights >0.5 m.

4 Range of 5-15 mg/l and 40-60 mg/I| at wave heights of approximately 1-2 m and >3 m respectively.

The data above show that SSC in the open Baltic Sea in calm weather is low, within a range of
0-5 mg/l, but higher in inner coastal waters. In rough conditions, the SSC increases to
approximately 2-60 mg/I, mainly due to resuspension of seabed sediments. The increase in SSC
is highest in shallow-water areas with unconsolidated seabed sediments exposed to wave-
induced resuspension (Greifswalder Bodden and Pomeranian Bay) and in areas subject to strong
currents and inflow of bottom water with a high SSC (the Sound). In contrast, the SSC in deeper
areas with coarser and/or better consolidated seabed (Hoburgs Bank and Norra Midsjobanken) is
relatively low in both calm and rough conditions.

In addition to empirical monitoring data, modelling undertaken for the Gulf of Finland as part of
the NSP permitting process has also been reviewed to establish the amount of sediments
naturally suspended in the water column during a major storm. Calculations were carried out for
water depths above 20 m for a storm occurring on average every 10, 50 and 100 vyears,
respectively /44/. In the 50 year case, approximately 18 million tonnes of seabed sediments will
be suspended in the water. The average SSC, if distributed evenly in a 10 m water column above
the seabed, would be approximately 100 mg/I. If distributed in the entire water column, the SSC
would be approximately 20 mg/I.

Contaminants and nutrients in seabed sediments

Historical and present pollution of the Baltic Sea from contaminants and eutrophication from
nutrients has led to some contamination of the underlying sediments. The Baltic Sea receives
contaminants from several different sources including atmospheric, fluvial and point sources,
although the situation is improving and much of the pollution is due to historic industrial
discharges. Background concentrations of inorganic compounds (metals) depend on natural input
(e.g. derived from the mineral composition of the geology), with further contributions from
anthropogenic sources /45/. By contrast, the origin of organic contaminants is mainly
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anthropogenic. The distribution patterns of contaminants in the Baltic Sea are complex, as they
are often incorporated into particles on the seabed or adsorbed onto the suspended particles in
the water. The majority of contaminants are associated with fine-grained sediments (e.g. silts
and clays), due to their large surface area and the negative electrical charge of their surface, and
particulate organic matter (POM).

Sediment samples from the NSP2 route were analysed for concentration of metals, organic
contaminants and nutrients. The results of these surveys are summarised in Appendix 4. It
should be noted that direct comparison of sediment data between countries is not possible
because of differences in sampling methodology, analytical techniques and whether samples have
been normalized to account for sediment properties.

In general, the results showed that seabed sediment concentrations of both metals and organic
contaminants were highest in the Gulf of Finland and in the southern Baltic Proper. These areas
coincide with sheltered and/or deep areas that are zones of sedimentation for fine-grained
sediments and POM (see Section 9.2.1.3), as well as areas which are influenced by freshwater
run-off (which may be impacted by industrialisation in the catchment area). For the most part,
contaminant levels in the sediments only showed slight exceedances when compared against
guidelines such as the Oslo-Paris Convention, Convention for the Protection of the Marine
Environment of the North-East Atlantic (OSPAR) /46/, /47/ and HELCOM /48/, /49/.

The average concentrations of nitrogen and phosphorous in surface sediments along the
proposed NSP2 route indicate a relatively uniform distribution, with a tendency for higher
concentrations in areas of fine-grained sediment.

The following sections briefly describe the sediment contaminants recorded in each of the NSP2
baseline surveys with particular attention to given to where these concentrations exceeded
guideline values. Appendix 4 sets out the contaminant concentrations (minimum and maximum
values) recorded in the baseline surveys.

Sediments in Russian waters

The survey in Russian waters was conducted in August 2016 at four stations along the proposed
NSP2 route. Five sampling points were selected within each station. Analysis was performed for
three layers within each sample: 0-2 cm, 2-10 cm, 10-30 cm. In the nearshore area, samples
were taken from 11 locations along the proposed NSP2 route.

The concentrations of metals and organic contaminants in the samples were compared against
the St. Petersburg regional norms for bottom sediments in the water bodies /50/. For the
components not included in the regional norms, the Finnish guidelines for dredging and
deposition of dredged materials /51/ have been used as the methodology for values
normalisation, and the approach for sediment quality assessment is comparable.

On average, the results indicated that sediments in deeper waters (>60 m) had higher levels of
contamination in all measured parameters. There was a strong correlation observed between the
finer sediments found in deeper waters, which have a higher silt/clay fraction. These deeper
areas represent zones of sedimentation where contaminants have accumulated over time.
Samples taken from the nearshore sector showed no or only slightly contaminated
concentrations.

Exceedances for metals were observed as follows (/51/):
e Concentration of copper exceeded the regional norm at nine sampling points within three

stations (mostly at depths ranging between 65-70 m and for one sampling point at 36 m),
with a maximum concentration of 1.36 times the regional norm;
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e Concentration of lead exceeded the regional norm at one sampling station (68 m water
depth), with a concentration 1.46 times the regional norm;

e Concentration of zinc exceeded the regional norm at two deep water sampling points (66
m and 70 m water depth), with a maximum concentration 1.13 times the regional norm.

Vertical distribution of heavy metals was relatively constant in all analysed depths (0-30 cm) and
at the same level as other samples collected from the Gulf of Finland in the Finnish EEZ.

Concentrations of organotin compounds (tributyltin, TBT) were typically below the limit of
detection. At the few stations where organotin compounds were detected, monobutyltin was the
main constituent. No exceedances were observed when compared with Level IB (concentration
level for the assessment of the eligibility for dumping of dredged material) and higher values in
the Finnish guidelines /51/, as Russian norms do not have guideline values for these compounds.

Dioxin and furan levels were slightly higher in the deeper stations, with no clear difference
between surface and deeper sub-samples. Polycyclic aromatic hydrocarbon (PAH) and
polychlorinated biphenyl (PCB) levels were consistent across all stations both in spatial and
vertical directions. No exceedances of the regional norms were detected.

In Russian waters, concentration of nitrogen reached 1%, phosphorus (5,440 mg/kg) in surface
sediments, with a tendency for higher concentrations in samples taken from deep water stations.

Sediments in Finnish waters

The survey in Finnish waters was conducted in December 2015 and included seven stations along
the NSP2 route. Eight samples were collected from each station. The concentrations of metals
and organic contaminants in the samples were compared against the guidelines for dredging and
depositing dredged materials by the Finnish Ministry of the Environment /50/.

Based on all data, no major differences were detected in the level of contamination between
stations, although the results show that concentrations of metals were highest in the western
part of the route, where sediment properties are favourable to attachment by chemical
compounds. Notwithstanding this, all metal concentrations were within the range of the lowest
guideline value (1, 1A and 1B°). An exception was cadmium, which showed a slight exceedance
of the lowest guideline value at three stations. In single samples, nickel and copper exceeded the
higher guideline value 2¢ at three stations (four samples) and one station (one sample)
respectively.

The normalised median concentrations of dioxins and furans were within the range of guideline
values 1A and 1B’ at all stations. The highest single concentrations that exceeded guideline value
2 were observed in three samples. Two of these samples were taken from the easternmost part
of the proposed NSP2 route in Finland, near the Russian border (likely due to historic pollution
from the River Kymijoki).

PCB concentrations of three congeners exceeded guideline value 2 at one station (one sample
taken from the surface sediment at 0-2 cm depth) in the survey area closest to Koverhar. The
remainder of samples were below the limit of detection, suggesting only localised contamination.
PAHs were observed sporadically in eastern stations and more consistently in western stations
within Finnish waters, with the exceedances of the lowest guideline values. Organotin

® 1: concentration level represents naturally occurring background level. 1A: no harm is expected to be caused to aquatic organisms,
even during long-term exposure; concentration level is below the PNEC level. 1B: no harm is expected to be caused to aquatic

organisms during short-term exposure.
6

7 HELCOM and OSPAR have developed environmental assessment concentration (EAC) values for organic compounds.
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compounds, mainly TBT, were present at all stations. TBT concentrations were highly variable
between stations, but all were within the range of one of the lowest guideline levels, 1A.

Sediments in Swedish waters

The survey in Swedish waters was conducted in October 2015 and included 51 sampling stations
for sediment analysis. One sample was collected from each station. The concentrations of metals
and organic contaminants in the samples were compared against the Swedish Environmental
Protection Agency (EPA) classification for the assessment of environmental quality /52/ , Swedish
Agency for Marine and Water Management (SwAM) thresholds (cadmium and lead) /53/ and
HELCOM thresholds.

In general, the results showed that concentrations of heavy metals and organic contaminants
were higher at greater depths, in zones of sedimentation in the eastern Gotland Basin (from east
of Hoburgs Bank to the Swedish/Finnish border). According to the Swedish EPA classification, the
average concentrations of metals along the proposed NSP2 route in Swedish waters were
generally within class 1, meaning “no deviation from natural background concentrations”.
However, the following exceedances were observed:

e Average concentrations of cadmium along the northern part of the route (comprising 17
stations) were classified as class 2, meaning there was a “small deviation from
background concentrations”;

e Average concentrations of mercury along the central part of the route (comprising 17
stations) were classified as class 3, meaning there was a “deviation from background
concentrations”.

In addition, samples from four stations in the middle part of the route exceeded the HELCOM
effect low range (ERL) value for mercury, indicating “bad status”.

In terms of organic contaminants, the survey measured the concentrations of PAHs and PCBs,
which have a high potential to accumulate on organic material in sediments and are resistant to
degradation. Of the 10 PAH compounds measured, seven were below the EAC values at all
stations. Two PAH compounds (indenol(1,2,3-cd)pyrene and benzo(g,h,i)perylene) exceeded the
EAC values in several samples taken from stations along the northern and central parts of the
route in Swedish waters and are considered to be present in “high levels” according to the
Swedish EPA classification.

The levels of PCBs were below detection limits at the majority of stations along the proposed
route. At the few stations where PCBs were detected, there were no exceedances of EAC values.

The levels of organochlorine pesticides (chlordane, hexachlorocyclohexane (HCH) isomers,
dichlorodiphenyltrichloroethane (DDT) (and its degradation products dichlorodiphenyl-
dichloroethylene (DDE) and dichlorodiphenyldichloroethane (DDD)) and hexachlorobenzene
(HCB)) in sediments were generally below EAC values with the exception of two stations, which
showed exceedances in the concentration of DDD.

The average concentrations of nitrogen and phosphorous in surface sediments indicate a
relatively uniform distribution along the proposed NSP2 route in Swedish waters, with a tendency
for higher concentrations in areas of fine grained sediment, particularly of nitrogen /32/. The
concentration of total nitrogen also correlated closely with organic carbon in sediment. There was
little variation in nutrient concentrations with sediment depth and no consistent trends were
observed.

Sediments in Danish waters

The survey in Danish waters was conducted in October 2015 and included 14 stations along the
proposed NSP2 route for sediment analysis. One sample was collected from each station. The

Espoo Report W-PE-EIA-POF-REP-805-040100EN



Page 155 of 642

concentrations of metals and organic contaminants in the samples were compared primarily
against the background assessment criterion (BAC), ERL and the EAC developed by OSPAR:®
146/, /47/.

In general, higher concentrations of metals were found in sediments taken from the deeper water
stations located in the Bornholm Basin (and northern part of the route within Danish waters),
where sediments are rich in organic content and have a high silt/clay fraction. The following
exceedances were observed:

e Concentrations of lead, copper and nickel exceeded the BAC and/or ERL at nine stations in
the northern and central part of the route;

e Concentrations of cadmium exceeded the BAC at one station in the northern part of the
route;

e Concentrations of zinc exceeded the BAC at eight stations in the northern and central part
of the route;

e Concentrations of mercury exceeded the BAC at four stations in the northern part of the
route.

There were no exceedances of either the BAC or ERL of arsenic or chromium. No BAC or ERL is
given for cobalt and vanadium.

The concentrations of PAHs were also highest in deeper water sediments that are rich in clay and
where bottom waters have little to no oxygen. Exceedances of ERL were observed for three of the
PAHs analysed, namely indeno-(1,2,3-cd)pyrene (at six stations), dibenz(a,h)-anthracene (at two
stations) and benzo(ghi)-perylene (at six stations) along the northern and central part of the
route.

All measurements of PCBs were below the EAC values, and in 6 of the 14 samples, all PCBs were
below the detection limit.

The levels of organochlorine pesticides (chlordane, HCH, DDT (and its degradation products DDE
and DDD) and HCB) in sediments were generally below ERL values with the exception of four
stations in the northern and central part of the route, which showed exceedances in the
concentration of DDE. Organotin compounds (TBT or its degradation products) were detected at
most stations. However, an exceedance of the EAC threshold was only observed for TBT at six
stations in the northern and central part of the route.

Concentrations of nitrogen did not show a correlation with water depth, with highest average
concentrations recorded at both the deeper and shallower water stations. The lowest
concentrations were recorded in those stations closest to Bornholm. Conversely, concentrations
of phosphorous did show a correlation with water depth, with the highest average concentrations
recorded at deeper water stations and the lowest average concentrations recorded in the
shallower stations.

Given the proximity of the proposed NSP2 route to the chemical munitions dumping site,
sampling in Denmark also considered concentrations of CWAs. The results are summarised in
Section 9.14.2 and indicate that the highest concentrations of CWAs and their degradation
products were found at stations along the middle and northern parts of the route, to the east and
north-east of Bornholm.

8 The BAC is considered to represent background concentrations without anthropogenic influence, the ERL represents a limit above
which negative effects may be expected, and the EAC represents the contaminant concentration in sediment and biota below which no
chronic effects are expected to occur in marine species, including the most sensitive species.
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Sediments in German waters

The survey in German waters was conducted in winter 2015/spring 2016 and included 42 sample
stations located within the sheltered Greifswalder Bodden and another 63 stations in the exposed
Pomeranian Bay. The concentrations of metals and organic contaminants in the samples were
compared against guideline values set by the Joint Transitional Arrangements for the Handling of
Dredged Material in German Federal Coastal Waterways (GUBAK) and waste law provisions
(LAGA-TR20).

In general, higher concentrations of metals were found in sediments with high silt content, and
levels of contamination were lowest in the Boddenrandschwelle shoal, an area between
Greifswalder Bodden and Pomeranian Bay. However, concentrations were generally low, because
the silt content of sediments along route is generally low as well. No exceedances of guideline
values were detected.

Concentrations of organic pollutants (including PAH, PCBs, organochlorine pesticides and TBT)
were generally low in both areas, mainly below detection limit, and no exceedances of guideline
values were observed.

In general, nutrient concentrations also appeared to be low and showed a correlation with
sediment properties such as grain size and TOC. Again, no exceedances of guideline values were
detected. Average concentrations were highest in areas of fine-grained material such as
Greifswalder Bodden /54/ .

Hydrography and seawater quality

Salinity and halocline

As noted in Section 9.2.1.2, the Baltic Sea is a semi-enclosed brackish water body. The salinity
conditions are determined by the supply of fresh water (river run-off and precipitation) as well as
the inflow of saline water from the North Sea (via the Danish Straits).

Due to the balance between the inflow of fresh water from the catchment of the Baltic Sea and a
relatively low inflow of salt water from the North Sea via the Danish straits, the Baltic Sea is
heavily stratified, both horizontally and vertically. The annual freshwater inflow to the Baltic Sea
represents approximately 2% of its entire water volume /55/. The mean river run-off is
approximately 15,000 m3/s /56/, of which approximately 20% enters into the Gulf of Finland via
the Neva River at St. Petersburg /57/.

The salinity of the surface waters varies geographically, in general decreasing from
30-35 practical salinity units (psu) in the North Sea to almost 0 psu in the innermost Gulf of
Finland. Within the Gulf of Finland in particular, the spatial distribution of salinity in the surface
waters is generally characterised by an east-west rise from 1-2 psu to 6.0-6.5 psu throughout
the year /58/. The salinity within the Greifswalder Bodden (near the German landfall) represents
an exception to this general trend due to freshwater influences from the Oder and other rivers in
Poland and Germany. In this regard, the salinity within the Greifswalder Bodden ranges between
5.5-10.7 psu /59/.

Atlas Map WA-04-Espoo shows the average summer (mean value of June-August) and winter
(mean value of December-February) salinities in the Baltic Sea at five stations along the pipeline
route for the years 2000-2015. The surface salinity decreases from approximately 8 psu near
Bornholm to 4-6 psu in the Gulf of Finland. As shown in Atlas Map WA-04-Espoo, the surface
salinity changes only slightly throughout the year.

Salinity in the Baltic Sea is also stratified by depth due to limited mixing between the saline water

flowing in from the North Sea and the less dense, less saline water already present in the Baltic
Sea. These results in the formation of two water masses, with the saline water flowing at the
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bottom of the Baltic Sea and the less saline water flowing at the surface (see Figure 9-5 for a
typical representation). A permanent halocline (a strong, vertical salinity gradient) is present in
the southern and central parts of the Baltic Sea.

WINTER SUMMER
Om ]

50 m

HALOCLINE

B0m

DEEP WATER
=== Salinity Temperature
Figure 9-5 Typical summer and winter variations in salinity and temperature in the Baltic Sea /60/.

A halocline is the level of maximum vertical salinity gradient, and a thermocline is the
level of maximum vertical temperature gradient. A pycnocline (not in the figure) is the
level of maximum vertical density gradient, caused by vertical salinity (halocline) and/or
temperature (thermocline) gradients.

As seen in Atlas Map WA-04-Espoo, the vertical salinity gradient varies geographically, with the
change in the Gulf of Finland (from approximately 4-6 psu at the surface to approximately
7-9 psu at the seabed) much smaller than in areas of the southern part of the Baltic Sea (from
approximately 8 psu to 18 psu). The depth of the halocline in various parts of the Baltic Sea is
shown in Table 9-3.

Table 9-3 Depth of the halocline in various areas of the Baltic Sea. Information from /61/, /62/.
The intervals shown reflect both the vertical extent and the variability from year to year
of the level of the halocline.

Area ‘ Approximate depth of halocline ‘
Gulf of Finland 60-80 m*
Northern Baltic Proper 55-80 m
Gotland Basin 50-75m
Bornholm Basin 40-75 m
Arkona Basin 40-55 m

* In the Gulf of Finland, the halocline is not as strong as in other parts of the Baltic Sea. In the western and
central Gulf of Finland, the halocline is weak and seasonal and lies at a depth of approximately 60-80 m. In
the eastern Gulf of Finland, the water is less saline, and a halocline generally does not exist /62/.

The formation of a strong halocline in the Baltic Sea prevents the mixing between surface and
bottom waters, which makes upwards transport of particles and dissolved substances in the deep
water layers to leave the system via the surface layers very limited (except for nitrogen gas in
the denitrification process). Consequently, the Baltic Sea is an efficient trap for nutrients and
pollutants. The presence of a halocline also contributes to the creation of temperature and
oxygen gradients within the Baltic Sea, see Sections 9.2.2.3 and 9.2.2.4.

The typical salinity stratification and the overall circulation pattern of water masses in the Baltic
Sea are illustrated in Figure 9-6.
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10-12 psu

Figure 9-6 The heavy, saline water flows along the bottom, and the less saline surface water flows
out of the Baltic Sea. The water becomes stratified, and a halocline separates the layers
of varying salinity /63/.

Major Baltic inflows

The annual freshwater inflow to the Baltic Sea represents approximately 2% of its entire water
volume /55/. The mean river run-off is approximately 15,000 m3/s /56/, of which approximately
20% enters into the Gulf of Finland via the Neva River (St. Petersburg) /57/. Conversely, major
inflows of saline water enter from the North Sea via the Danish straits into the southern Baltic
Sea.

The bottom current of inflowing saline water is driven by gravity. As the saline water passes the
narrow cross-sections at the sills (Darss Sill and Drogden Sill; see Figure 9-1), the water flows
down the sloping seabed towards the Bornholm Basin. Consequently, the water exchange is
highly sensitive to physical changes in the transition area and not very sensitive to the
bathymetric conditions in the open basins. However, increased flow resistance or other obstacles
may lead to increased entrainment.

Before 1980, such major Baltic inflow (MBI) events were relatively frequent and could be
observed on average once a year. Since then, however, they have become less frequent and take
place during strong storms in the late autumn or winter months. In recent times, MBIs have
occurred in 1993 and 2003 (see Atlas Map WA-01-Espoo Map), the latter of which only reached
the Gotland Basin /64/, /65/. After nearly a decade without an MBI, a relatively large inflow was
detected in the western Baltic in the winter of 2011-2012. This inflow, which could be traced until
the southern part of the eastern Gotland Basin, ventilated the Bornholm Basin but did not renew
the deep water /66/. MBIs account for approximately 30% of the total salt influx, whilst the
remaining 70% of the salt influx is due to weaker inflow incidents /67/.

A weak MBI occurred in March 2014. Previously, two smaller inflow events in November 2013 and
February 2014 already reached the Bornholm Basin. In December 2014, a strong MBI brought
large amounts of saline and well oxygenated water into the Baltic Sea. Based on observations
and numerical modelling, the inflow was classified as one of the rare very strong events. The
inflow volume and the amount of salt transported into the Baltic were estimated at 198 km?® and
4 Gt, respectively. The strength of the MBI considerably exceeded the 2003 event. Of the MBIs
since 1880 /68/, the 2014 inflow is the third strongest event together with the MBI in 1913 /69/.
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These inflows create clear salinity gradients geographically, temporally and vertically (see Section
9.2.2.1 and Atlas Map WA-04-Espoo).

Water temperature and thermocline

The water temperature of the Baltic Sea varies both temporally and geographically. Atlas Map
WA-03-Espoo shows the average summer (mean value of June-August) and winter (mean value
of December-February) temperatures at five stations along the proposed NSP2 route for the
years 2000-2015.

It is noted that in January-March, the majority of the Gulf of Finland is usually covered by ice
(see Atlas Map CL-01-Espoo). During this period, the water temperature in the eastern part of
the gulf is close to 0°C. Typically, the ice clears in April or May /58/. Further information on the
trends in ice cover is provided in Section 9.2.3.1.

During spring and summer, solar warming produces a warm layer of water throughout the Baltic
Sea that is approximately 10-25 m thick. It is well mixed by the wind and therefore fairly
consistent in temperature throughout its depth (on average 16-18°C in summer). The surface
waters in the semi-enclosed and shallow bay of Greifswalder Bodden (near the German landfall),
however, can reach higher temperatures, up to approximately 18-22°C in July-September /59/.
Beneath the mixed surface layer, a thermocline develops which can result in temperature drops
of 10°C within a few metres. The bottom water in the Baltic Sea is on average 4-8°C in summer
and remains relatively constant throughout the year.

Similar to saline stratification, the stable thermocline in deeper areas prevents vertical exchange
between the surface layer and the deeper layer, limiting the upward transport of particles and
nutrients from the bottom layer to the euphotic zone. In addition, the thermocline isolates the
bottom waters from the oxygen-rich surface layer /70/ (see Section 9.2.2.4).

Oxygen and hydrogen sulphide
Thermal and saline stratification, limited marine water exchange, eutrophication and weather
conditions all affect oxygen concentrations in the Baltic Sea.

The surface waters of the Baltic Sea become saturated with oxygen (O;) by wind mixing -
especially during autumn and winter — and in late spring and summer by photosynthesis, which
leads to oxygen storage in the upper water layer /71/. The intermediate waters are also relatively
well oxygenated because most of the water from the Kattegat and the Great Belt is supplied to
this depth range. The basins of the Baltic Sea, however, frequently run out of oxygen because
the water there is renewed only by major saline inflows from the North Sea. The lowest oxygen
levels in the bottom waters usually are observed at the end of summer, between August and
October, when detritus from biological activity in the surface waters has sunk and is decomposed
by bacteria /71/.

Hypoxia is a condition that occurs when dissolved oxygen falls below the level needed to sustain
most animal life. The concentration at which various animals are affected varies, but generally
effects start to appear when oxygen drops below 2.8-3.4 ml/l (4-4.8 mg/l). Acute hypoxia is
usually defined at 1.4-2.1 ml/l (2-3 mg/l). For the purposes of this report, hypoxia is defined as
oxygen concentrations <2 ml/I.

Anoxic conditions, where no oxygen remains in the water, may occur at very low oxygen
concentrations, or in the absence of oxygen, due to remaining available oxygen being consumed
by microbial processes. Under anoxic conditions, hydrogen sulphide (H,S), which is toxic for all
higher marine life, is formed. Anoxic conditions also lead to the release of phosphate and silicate
from the sediments to the water column, which, due to vertical mixing, can reach the surface
layer and the euphotic zone. High concentrations of phosphate can contribute to eutrophication
(see Section 9.2.2.5) /72/.
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From the end of the nineteenth century until the 1990s, the oxygen situation in the Baltic Sea
deep basins was characterised by varying good and bad conditions. In 1999, there was a distinct
regime shift, after which bottom areas with completely anoxic conditions increased. The
consistently high levels of anoxia that are currently seen were observed only occasionally before.

The results of an analysis of the bottom areal extent of anoxic and hypoxic autumn conditions in
the Baltic Proper, including the Gulf of Finland and the Gulf of Riga, for the period 1960-2015 are
shown in Figure 9-7. The figure illustrates that extreme oxygen conditions in the Baltic Proper
have prevailed since approximately 2000.
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Figure 9-7 Areal extent of anoxic and hypoxic conditions in the Baltic Proper, Gulf of Finland and

Gulf of Riga. Results from 1961 and 1967 have been omitted owing to insufficient data
from the deep basins /72/.

Atlas Map WA-02-Espoo shows the levels of oxygen and hydrogen sulphide in the bottom water
in autumn 2012-2015, with the areas of hypoxic (<2 mg/l O;) and anoxic (0 mg/l O,) bottom
water conditions indicated. Despite the major inflow in December 2014, extreme oxygen
conditions in the Baltic Proper continued during 2015. The areal extent and the volume of anoxia
since the regime shift in 1999 have been constantly elevated. There are no signs that the inflow
in December 2014 reached and oxygenated the northern Baltic Proper or the western Gotland
Basin, which still suffers from hypoxia and anoxia /72/.

Nutrients and eutrophication

‘Eutrophication’ can be defined as the process of changing the nutritional status of a given water
body by increasing the nutrient resources. As shown in Figure 9-8, eutrophication has a range of
effects on the Baltic Sea ecosystem and is considered one of the most serious threats to
biodiversity and an indicator of human impacts on the Baltic Sea /73/, /74/, /77/.
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Figure 9-8 A simple conceptual model of eutrophication symptoms in the Baltic Sea /79/.

Phytoplankton is the dominant primary producer in the Baltic Sea, and its growth is influenced by
levels of nitrogen and phosphorus. The main sources and pathways of nutrient inputs to the
Baltic Sea are:

e Direct atmospheric deposition on the Baltic Sea water surface;

e Riverine inputs, including point sources and diffuse sources within the Baltic Sea
catchment area;

e Point sources and diffuse sources discharging directly to the sea;

e Natural background sources, mainly referring to natural erosion and leakage from
unmanaged areas and the corresponding nutrient losses;

e Phosphorus reserves accumulated in the sediments of the seabed released back into the
water under anoxic conditions.

As outlined above, phosphorus reserves accumulated in the sediments of the seabed are released
back into the water under anoxic conditions /78/. In a study of the role of internal
biogeochemistry for the pool of inorganic phosphorus in the Baltic Proper and the gulfs of Finland
and Riga using extensive monitoring data from 1970 to 2000, the largest single net increase of
the phosphorus pool (indicating sediment release) was estimated as 90,000 t/yr, while the
largest annual net decrease (indicating sediment binding) was about 110,000 t/yr. Both values
are much larger than the external annual total phosphorus load and its variation, given as
23,000-37,000 t/yr into the basins studied /79/.

The nitrogen and phosphorus loads supplied to the different sub-regions in the Baltic Sea in the
period 2010-2012 are summarised in Table 9-4 /80/. For comparison, inputs to the Baltic Sea in
the year 2000 amounted to 1,009,700 tonnes of nitrogen and 34,500 tonnes of phosphorus /78/,

/81/.

Table 9-4 Averaged normalised annual inputs of nitrogen (Ni:) and phosphorus (Pit) during the
years 2010-2012 in the different sub-basins to the Baltic Sea /80/. Units are in tonnes
per year.

Baltic Sea sub-basin Niot Prot

Bothnian Bay 56,962 2,824
Bothnian Sea 72,846 2,527
Baltic Proper 370,012 14,651
Gulf of Finland 116,568 6,478
Gulf of Riga 91,257 2,341
Danish Straits 53,545 1,514
Kattegat 63,685 1,546
Total Baltic Sea 824,875 31,883
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Atlas Map WA-05-Espoo and Atlas Map WA-06-Espoo show the average summer (mean value of
June-August) and winter (mean value of December-February) concentrations of total nitrogen
and phosphorus, respectively, at five stations along the pipeline route for the years 2000-2015.
The total nitrogen concentration shows a marked variation between summer and winter in the
uppermost 60-80 m of the water column, with summer concentrations being up to approximately
6 umol/l lower than the winter concentration, as a result of phytoplankton growth during the
summer. Conversely, total phosphorus concentrations show much less variation between summer
and winter with the exception of the Gulf of Finland, but vary greatly vertically, with higher
concentrations below the halocline. This is due to phytoplankton utilising phosphorus in the
euphotic zone and the efflux of phosphorus from the seabed.

HELCOM has calculated the eutrophication status of the Baltic Sea in 2007-2011 based on a set
of indicators (chlorophyll-a, dissolved inorganic nitrogen (DIN) and dissolved inorganic
phosphorus (DIP), Secchi depth and oxygen conditions (oxygen depletion)), which show that the
status of the entire Baltic Sea (except for a few areas outside the project area in the Bothnian
Bay) is below GES /73/. Target values for GES have been set by HELCOM for the various parts of
the Baltic Sea with respect to concentrations of DIN and DIP /73/, /82/, as outlined in Chapter 11
- Marine strategic planning. As shown in Atlas Map WA-07-Espoo, the concentrations of DIN and
DIP are above the GES thresholds in most parts of the Baltic Sea. Periodic observations in the
Estonian parts of Narva Bay have shown that the diatom Ceratoneis closterium (a potential
eutrophication indicator species) has become more frequent during the summer months, and
based on Estonia data from year 2015, the ecological water quality in Narva Bay was classified as
“moderate” /83/.

The total input of nutrients to the Baltic Sea has decreased since the late 1980s. The current
input levels are equal to that of the early 1960s. Despite the reduced input, the concentrations of
nutrients in the sea have not declined accordingly. The long residence time of water in the open
Baltic Sea as well as feedback mechanisms, such as the release of phosphorus from anoxic
sediments, and the prevalence of nitrogen-fixing cyanobacteria blooms in the sub-basins of the
Baltic Sea are processes that slow down the recovery from the eutrophied state /84/.

Heavy metals

The concentration of heavy metals in the Baltic Sea has generally decreased since the 1980s.
However, it is still higher than the concentration in Atlantic waters, which are considered less
influenced by human activities (Table 9-5) /81/.

Table 9-5 Content of dissolved heavy metals (ng/l) in the waters of the North Atlantic and the
Baltic Sea measured in the period 1993-2005 /85/, /86/, /87/, /88/.

Metal North Atlantic (ng/I) Baltic Sea (ng/I)
Hg 0.15-0.3 0.5-1.5

Cd 4+2 12-16

Pb 7+2 12-20

Cu 75+10 500-700

Zn 10-75 600-1,000

The main sources of heavy metals in the marine environment are diffuse sources (e.g. leakage
from forest and agricultural soils) and industrial and municipal point sources /89/. Heavy metals
are discharged directly, transported via rivers or deposited from the air. A significant proportion
of the airborne heavy metal pollution originates from sources outside the Baltic Sea catchment
area. The estimated yearly waterborne input of heavy metals to the Baltic Sea is shown in Table
9-6.
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Table 9-6 Waterborne heavy metal input (in tonnes) to the Baltic Sea in 2006 by sub-region. Input
of mercury from rivers in Poland is not included /89/.

Sub-regions Cd (t) Cr (t) Cu (t) Hg (t) Ni (t) Pb (t)

Archipelago Sea 0.3 11.3 12.6 0.02 9.1 3.8 88.6
Baltic Proper 10.4 12.6 200.6 0.11 62.4 47.6 445.9
Bothnian Bay 1.3 43.6 136.7 0.22 136.9 20.8 404.5
Bothnian Sea 2.9 39.9 106.0 0.19 109.7 27.3 698.2
Gulf of Finland 29.5 20.3 290.3 0.19 185.3 145.9 918.9
Gulf of Riga 2.7 0.2 92.4 0.01 62.6 20.8 439.5
The Kattegat 0.4 21.8 39.8 0.07 23.4 13.8 138.4
The Sound 0.03 1.7 2.8 0.01 1.7 1.1 8.0

Western Baltic 0.05 0.2 5.0 0.01 0.9 1.0 15.4
Total Baltic Sea 47.7 152 886 0.8 592 282 3157

Organic contaminants

There has been substantial input of organic contaminants in the Baltic Sea from numerous
sources over the past 50 years. Anthropogenic sources include industrial discharge, such as the
organochlorines in effluent from pulp and paper mills, run-off from farmland, special paints used
on ships and boats and dumped waste. Other sources include atmospheric deposition. Organic
contaminants are usually adsorbed onto fine-grained particles in the water mass and carried to
the seabed by sedimentation. The concentrations of organic contaminants in the sediment are
therefore generally several orders of magnitude higher than in the overlying water mass /90/.

Several organic contaminants, such as DDT and technical-grade HCH isomers, have been
completely banned since the 1980s. TBT, which belongs to the organotin compounds used as
biocides, such as antifouling paints, was also banned under international law in 2003. Since the
use of TBT was banned, its concentration has been decreasing in the Baltic Sea. TBT compounds
are hydrophobic and bind to particles, especially organic matter, and ultimately deposit in
sediments. Depending on the availability of light and oxygen, the half-life of TBTs in natural
waters may range from a few days to several years, with the slowest degradation occurring in
anoxic sediments. TBT compounds associated with sediments appear to be much less available to
sediment-living organisms compared with TBT in the water column /91/.

Available data from the water column is limited, and much of it is outdated because it has
become standard practice to measure organic contaminants and metals in sediment rather than
in the water column. Table 9-7 presents HELCOM data on concentrations and trends for organic
contaminants in the central and western Baltic Sea for the period 1994-1998.

Table 9-7 Surface-seawater concentrations during the period 1994-1998 /90/.

Organic contaminants in surface seawater

PCB
Surface seawater PCB concentrations were rather low. Thus, the concentration of PCB 153 (one of the main

congeners) ranged from 10-24 pg/l (median values for the period 1994-1998). It was not possible to
identify a temporal or geographical trend for the period 1994-1998, except for a general increase in
concentration towards the coasts. Due to the high lipophilicity of PCBs, they are enriched in suspended
matter and sediments.

DDT, DDD and DDE

Surface seawater DDT concentrations ranged from 2-77 pg/l. The highest concentrations were observed in

the Pomeranian Bay, where the values for DDD and DDE ranged from 30 pg/l to
77 pg/l. In the rest of the southern and western parts of the Baltic Marine Area, the concentration range
was 2-30 pg/Il. Due to the low concentrations, the data set is rather limited and variability is high.

HCB

Surface seawater HCB concentrations ranged from <5-10 pg/I. Due to the low concentrations, no evidence
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Organic contaminants in surface seawater

of any geographical variation within the Baltic Marine Area could be found.

HCH isomers

Surface seawater concentrations of the HCH isomers exhibited distinct geographical variation. In 1997 and
1998, the concentration of a-HCH ranged from 0.43 ng/I in the Bights of Kiel and Flensburg to 1.1 ng/l in
the Baltic Proper. A clear concentration gradient was observed from east to west. The surface seawater
concentration (outflow from the Baltic Marine Area) ranged from 0.54 ng/l to 0.75 ng/l, and the
concentration in the deep water (inflow from the North Sea) was only 0.25-0.31 ng/I.

Petroleum and other hydrocarbons

Total hydrocarbon concentrations were 0.5-1.6 pg/l in the summer months of 1997 and 1998 in the
western and central parts of the Baltic Sea. In winter, the concentrations were significantly higher, ranging
from 1.1 pg/l to 3 pg/l. The concentrations in the Gulf of Bothnia and the Gulf of Finland were similar, with
the yearly average ranging from 0.2 pg/l to 2.1 pg/l. The concentrations in the Gulf of Finland were slightly
higher than those in the adjacent waters.

PAHs

In the western and central parts of the Baltic Marine Area, the surface seawater concentrations of single

PAHs ranged from <2 pg/l to 4.5 pg/l. The median concentration of the two- to four-ring aromatics
(naphthalene to chrysene) in the open sea ranged from 0.02 ng/l to 2.1 ng/l. The mean concentrations of
the more lipophilic five- to six-ring PAHs (benzofluoranthene to benzo[ghi]perylene) were <0.005-0.15
ng/l, Significantly higher concentrations were observed in winter as a result of higher input from

combustion sources, slower degradation and a higher content of suspended matter in shallow areas.

9.2.2.8 Turbidity and water transparency
Turbidity is a measurement of the light scattering caused by solid particles suspended in the
water, i.e. the ‘cloudiness’, or water transparency. Turbidity is an important physical parameter
for marine life as it influences light penetration through the water column and visibility. High
turbidity means a low water transparency.

Turbidity mainly depends on the concentration and type of suspended particulate matter (see
Section 9.2.1.4) and on the amount of coloured dissolved organic matter. Increased SSCs in the
water column cause the turbidity to increase, i.e. reduce the water transparency. The increase in
turbidity not only depends on the increase in SSCs, but also on the characteristics of the
suspended sediments, in particular the grain size distribution and the type and shape of particles.
The light scattering caused by suspended fine-grained sediments is several times higher than the
light scattering caused by the same concentration of coarse-grained sediments.

Dissolved coloured substances (e.g. humic and fulvic acids leached out from soils and transported
by rivers to the sea) also reduce light transmission in the water due to absorption by these
dissolved substances.

The natural turbidity caused by suspended sediments is in general largest close to the seabed
(due to resuspension of seabed sediments caused by current and/or wave impact) and in coastal
areas (due to fluvial input, coastal erosion and frequent resuspension caused by wave impact on
the seabed in shallow water).

The uppermost part of the water column, where there is sufficient light for photosynthesis to take
place, is often referred to as the euphotic zone. The thickness of this layer is often indirectly
estimated by measuring the depth in which 1% of the photosynthetically active radiation entering
the water remains /92/. Increased turbidity can reduce the availability of sunlight and reduce the
thickness of the euphotic zone.

Within the Baltic Sea, an increase in summertime turbidity has been observed over the last
100 years (based on data up to 2005) due to increased phytoplankton biomass and
cyanobacterial blooms (caused by progressing eutrophication) /93/. This trend has been
particularly pronounced in the northern Baltic Proper (where the thickness of the euphotic zone is
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reported to have decreased from 9 m to 5 m in the summer) and the Gulf of Finland (decreased
from 8 m to 4 m during the same period). Conversely, in the southern and eastern Baltic Proper,
this trend has slowed, with turbidity levels now considered stable /93/.

Underwater noise

Within the Baltic Sea, the underwater noise environment comprises ambient noise (i.e. sound
from rain falling on the surface, waves, marine animals, etc.) that ranges in frequency between
approximately 50 Hz and 200 Hz, and noise from distinct and identifiable anthropogenic sources
(i.e. sound from shipping, mechanical installations, construction activities, etc.). The noise
generated from these sources comes from all directions and varies in magnitude, frequency,
location and time. However, it is estimated to dominate at a frequency between 10 Hz and 100
Hz /94/.

The sound pressure level (SPL) of underwater sources varies. Generally, lightning strikes, seismic
eruptions and underwater explosions are considered to be some of the loudest sound sources and
generate SPLs of 260-280 dB re 1 pPa at 1 m (decibels, sound intensity level relative to
1 microPascal at 1 m). Loud ships can also generate SPLs of up to 190 dB re 1 pyPa at 1 m.
Sound sources can also be biological; dolphins have been known to produce SPLs of
approximately

230 dB re 1 pPa at 1 m, whilst cod, when they grunt, produce an SPL of approximately
150 dB re 1 pPa at 1 m /94/. Quieter sound sources include wind and rain, which generate SPLs
of 40-90 dB re 1 pPa.

As part of an ongoing project to study the influence of anthropogenic noise on the Baltic Sea
(Baltic Sea Information on the Acoustic Soundscape (BIAS) project), a series of measurements
were undertaken over one year (2014) at 38 locations covering the whole Baltic Sea (except the
German landfall area). The results of these measurements have been extracted using the BIAS
soundscape planning tool and are shown in Figure 9-9 /94/.

In general, the noise levels within the main shipping lanes were approximately
100-130 dB re 1pPa, whilst levels outside the shipping lanes ranged between approximately
60-90 dB re 1pPa. Underwater noise monitoring in Germany during construction of NSP in 2010
revealed mean SPLs of 112 dB re 1 pPa at 1 m for shipping lanes and 102 dB re 1 pyPa at 1 m for
remote parts of Greifswalder Bodden and Pomeranian Bay, respectively /95/. Most of the Baltic
marine area is impacted at least by a level of noise that has been estimated to mask the
communication of animals. Noise levels causing an avoidance reaction in mobile organisms are
likely to occur only in areas with construction works, such as between Helsinki and Tallinn
(resulting from cable construction) and at wind farm construction sites, e.g. in Kemi in the
Bothnian Bay and Malmé in the Sound /96/.
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Figure 9-9 Underwater soundscape map of noise in the Baltic Sea measured during June 2014 under

the BIAS project. Centred frequency 125 Hz third octave band, depth interval 0 m to
bottom. Exceeded sound level L10 (10% of time). These results have been extracted
using the BIAS soundscape planning tool, which was prepared within the EU LIFE project
/97/.

Climate and air quality
Climate

Current climate

Meteorological forces over the sea, together with hydrographical processes, have a strong
influence on the environmental conditions of the Baltic Sea. These processes influence the water
temperature and ice conditions, regional river run-off and the atmospheric deposition of
contaminants on the sea surface. Moreover, they also govern water exchange with the North Sea
and between the sub-basins, as well as the transport and mixing of water within the various
sub-regions of the Baltic marine area /90/.

The Baltic Sea is located in the temperate climate zone, which is characterised by large seasonal
contrasts. The climate is influenced by major air pressure systems, particularly the North Atlantic
Oscillation during winter, which affects the atmospheric circulation and precipitation in the Baltic
Sea basin.

The near-surface wind climate exerts a strong impact on the ecosystem of the Baltic Sea. Storms
are essential for the ventilation and mixing of the strongly stratified Baltic Sea, and inflow events
importing salt and oxygen from the North Sea are very dependent on the wind climate and
pressure differences between these two seas.
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Surface air temperatures have shown an overall increase in the Baltic Sea region over the past
140 years. Since 1871, the annual mean temperature trends show an increase of 0.11°C per
decade north of 60°N and 0.08°C south of 60°N, while the trend of the global mean temperature
was about 0.05°C per decade for the period 1861-2000. The daily temperature cycle is also
changing, and there has been an increase in temperature extremes. These changes are resulting
in seasonal changes, e.g. the length of the growing season has increased and the length of the
cold season has decreased /98/.

The amount of precipitation in the Baltic Sea area during the past century has varied between
regions and seasons, with both increasing and decreasing precipitation. A tendency of increasing
precipitation in winter and spring has been detected during the second half of the 20th century
/98/.

In the Baltic Sea, ice can appear as fast ice or as drift ice. Fast ice is smooth and stationary and
can be attached to islands, islets and shallow reefs. Fast ice usually appears at a water depth of
up to 15 m /99/, /100/. In deeper waters in the open sea, ice is more dynamically formed,
consisting of drift ice that moves along with the currents and winds. On stormy days, drift ice can
move 20-30 km. Drift ice and deformed ice can easily get packed against each other or other
obstacles, which can result in pack ice or in vast ice ridges /99/, /100/. In shallow areas, packing
of drift ice can result in ice packs that grow vertically downwards to the sea bottom. This kind of
seabed-attached pack ice has been observed down to water depths of 20 m /99/.

In Atlas Map CL-01-Espoo, the maximum ice cover is shown for a severe winter (2010-2011), an
average winter (2012-2013) and a mild winter (2014-2015). As would be expected, the most
severe ice conditions prevail in the most north-eastern part of the Baltic Sea, i.e. in the Gulf of
Finland.

Future climate
NSP2 has been designed for an operational life of at least 50 years. The purpose of this section is
to describe how projected global climate change can be expected to affect the Baltic Sea region
during this time.

Surface waters in the Baltic Sea have warmed since 1985, where the annual mean sea-surface
temperature has increased by up to 1°C per decade from 1990 to 2008. At the same time, the
annual maximum ice extent of the Baltic Sea has decreased about 20% over the past 100 years,
and the length of the ice season has decreased by approximately 18 days per century in the
Bothnian Bay and 41 days per century in the eastern Gulf of Finland /98/.

An oceanographic study carried out by the Swedish Meteorological and Hydrological Institute
(SMHI) showed that average sea surface temperatures for the entire Baltic Sea could increase by
some 2-49C by the end of the 21st century /101/ (see Atlas Map CL-02-Espoo). This is estimated
to decrease the ice extent in the Baltic Sea by 50%-80%. The average duration of ice cover for
the period 1961-1990 is shown together with the expected duration of ice cover at the end of the
21st century in Atlas Map CL-03-Espoo.

Increased freshwater inflow and increased mean wind speeds may cause the Baltic Sea to reach
a new steady state with significantly lower salinity. In the southern Baltic, oxygen concentrations
may decrease and phosphate concentrations increase, resulting in increased biomass and
cyanobacteria concentrations with a higher cyanobacteria-to-phytoplankton ratio.

A recent report issued by HELCOM largely confirms these findings /98/. It concluded that the
summer sea surface temperature is likely to increase 2-4°C by the end of this century, and that
there will be a marked decrease in the sea ice cover in the Baltic Sea. Model projections indicate
that precipitation will increase in the entire Baltic Sea run-off region during winter, and extremes
of precipitation are projected to increase. Atlas Map CL-04-Espoo shows the expected changes in
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winter and summer precipitation during the 21st century. A sea level rise of 0.6-1.1 m is
expected (see Atlas Map CL-05-Espoo), as well as a decrease in sea surface salinity. Increasing
areas of hypoxia and anoxia are anticipated.

The mean and extreme wave heights at the end of the 21st century will probably have increased
compared with today. The changes can be expected to be largest in the Bothnian Bay and the
Bothnian Sea because of reduced ice coverage, causing unstable marine atmospheric boundary
layers with increased surface speed /102/.

Air quality

The Baltic Sea is one of the world's most densely used sea routes with an estimated 2,000
vessels in traffic at any given time. Associated burning of fuel oil causes emissions to air, the
most significant of which are nitrogen and sulphur oxides (NOx and SO,), particulate matter (PM),
and GHGs, mostly carbon dioxide (CO,).

Emissions of these components are considered of interest for the following reasons:

e Nitrogen oxides can be harmful to human health, cause acidification of the aquatic
environment and have an eutrophication effect;

e Sulphur oxides can be harmful to human health and cause acidification of the aquatic
environment;

e PM can be harmful to human health;

e GHGs (in particular CO;) contribute to the climate change (global warming).

The air quality in the EU is defined, targeted and assessed by national implementation of EU
Directives regarding air quality and cleaner air in Europe /103/. However, this legislation is only
relevant for onshore areas. Therefore despite the relatively large annual emissions from shipping
in the Baltic Sea (see /104/), air quality offshore is not as regulated. This is both due to the
dispersal of pollutants and the low density and mobility of human receptors, and to the different
regulatory regime offshore. Only in nearshore areas emissions from shipping vessels may in
theory combine with onshore emission sources. In these areas, the ground level concentrations in
the landfall areas are considered indicative of air quality conditions (see Sections 9.3.4, 9.4.4 and
9.5.1).

Table 9-8 Air emissions in the Baltic Sea in 2015 /104/.
Areas in the Baltic Sea NOXx SO, PM; s co CO,
(tonnes) (QLL L)) (tonnes) (tonnes) (kilotonnes)

Kattegat 67,867 1,953 1,994 4,496 3,038
Gulf of Finland 50,678 1,523 1,560 3,454 2,370
Gulf of Bothnia 23,201 830 831 1,636 1,289
Gulf of Riga 5,061 178 155 357 239
Other areas in Baltic Sea 196,061 5,786 5,896 12,851 8,980
Total 342,868 10,270 10,436 22,794 15,916

Notwithstanding the above, it is noted that the Baltic Sea is a designated Sulphur Emission
Control Area (SECA). As of 1 January 2015, the maximum allowed sulphur content in fuel used
within a SECA is 0.1%, meaning that ships must either use low-sulphur fuel or have an on-board
desulphurization system. As a result of this designation, SO, emissions from vessels in the Baltic
Sea have been shown to decrease by 88% between 2014 and 2015 /104/. Levels are expected to
continue to decrease, although at a more modest rate.
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Onshore landfall Narva Bay

General siting

The proposed construction and operation area required for the onshore part of NSP2 is situated
on the south-western edge of the Kurgalsky Peninsula. The dominant landforms between the PTA
and the shoreline comprise glacial moraines underlying a series of ancient dunes leading to a
narrow beach to the west (Figure 9.11). Drainage on the west side of the dune lines tends to be
east to west. To the east of these dune lines, impervious clay layers form a basin where rainfall-
fed bogs have developed, with organic material accumulating to produce peat that is mainly
shallow but in places reaches up to 2 m deep.

The onshore route cuts through the northern edge of one of these large bogs, the Kader swamp,
where drainage is mainly south-west to north-east. A series of artificial ditches intercepts this
flow and diverts it to the meandering and slow flowing Mertvitsa River. This river lies outside of
the NSP2 area, to the east of the landfall site, and flows north and into the Luga River. The
Gazprom gas supply pipelines cross the river.

The topography is steeper to the west, with two distinct dune ridges with a longer shallower
profile to the east of the ancient dune ridge. Elevations are generally between 3-8 m with the
highest elevation of 15 m being the ancient dune ridges (Figure 9-10).
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Figure 9-10 Cross section of the onshore route at the Russian landfall.

Geomorphology and topography

The preferred landfall in Russia is located in the north-western part of the Russian Plain within
the Narva-Luga Klint Bay (see Figure 9-11 and Figure 9-12). It is a coastal lowland that has
experienced slow but uneven land uplift and complex water level changes with alternating
lacustrine (the build-up of sedimentary layers by lake formation) and marine stages /106/.

Marine transgressions between 7500-4000 years before present produced the Littorina Sea,
which covered much of the present coastline. As water levels changed, a series of barrier
beaches were formed that now form elongated sandy dunes parallel to the coast, up to 10-30 m
high. The NSP2 onshore route will cross two dune ridges: a coastal dune up to 7 m high and a
relict dune system that reaches an elevation of around 15 m approximately 1.5-2 km inland. The
coastal landscape of Narva Bay is characterised by these beach ridges with dunes colonised with
grass and lichen pine forests. This landform is known as the Nizhneluzhsky landscape and is
typical of the coastal areas around the Gulf of Finland.
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The landforms characterised by the coastal dune, natural forest, relict dune and Kader swamp
show limited evidence of anthropogenic modification, while the modified habitat shows moderate
signs of human intervention, as it contains a number of artificial drainage ditches.

The soil types of the landfall area are mainly podzols °, bog-podzols and bog soils, characterised
by low humus content and high acidity. Poor drainage arising from the settlement of glacial silt in
hollows produces extensive areas of bogs and lakes, most notably the Kader swamp. This area
has shallow peat (maximum depth 2 m).

Erosion is associated with both permanent and temporary watercourses cutting into floodplain
terraces, but gully erosion is confined to the steep slope of the sand dunes on the edge of the
marine terrace. There is potential for dune erosion if vegetation is disturbed. No landslides have
been observed.
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Rinvarr Modified Habitat
Matieral fornst
Figure 9-11 Landforms and digital elevation model of the preferred Russian landfall.

(°) Infertile acidic soil with an ash-like subsurface layer (from which minerals have been leached)
and a lower dark stratum.
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Figure 9-12 Beach on the coast of Narva Bay, overgrown with reed up to 1.5 m high. The dip angle of
the surface is approximately 3°. It is composed of fine-grained, light-grey sand with dark
silt and a minor quantity of shells /76/.

Freshwater hydrology

There are two main hydrological features associated with the project area, the Kader swamp and
the Mertvitsa River, and number of handmade ditches and channels which were created
previously for agricultural purposes /76/.

The central part of the Kader swamp is a complex of pool-and-hummock ridges. The groundwater
table varies between 1 m and 10 m from the surface. Plant communities at the periphery include
sphagnum, sedges, cotton grass, sub-shrub and pine. The northern part of the Kader swamp has
experienced natural fires in the last decade and land reclamation included planting of young pines
and the creation of fire protection ditches (Figure 9-13). The bogs are mainly rainfall fed
(ombrogenous) and drain north and east into the River Mertvitsa (Figure 9-14) via culverts in the
A121 road. The river runs to the north and east of the landfall area and after a slow meandering
course joins the Luga River.

Figure 9-13 A. Northern part of the Kader swamp suffered from fire.

B. Central part of the Kader swamp, 2.5 km south of the proposed landfall area /76/.
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The water levels in the Mertvitsa River are largely dependent on the much larger Luga River to
the east. The Mertvitsa River normally has no drift ice in it. As noted above, the NSP2 route does
not cross the river, but the feeder lines of the upstream gas connection pipeline do.

Figure 9-14

Climate and air quality

Climate

The location of the preferred landfall on the coast of the Gulf of Finland and the proximity of the
Baltic Sea gives its climate the features of a marine climate. This is manifested, e.g., in the shift
of the temperature minimum from January to February and the lower annual air temperature
variation between the average temperatures of the warmest and coldest months. Owing to the
frequent penetration of warm air masses from the Atlantic Ocean, the winters in the Russian
landfall area are generally not severe /75/.

Air quality
The calculated background concentrations of air pollutants in the Narva Bay landfall area are
given in Table 9-9. The values shown were calculated by the state meteorological authority in

Russia for the two villages closest to the landfall and represent the period 2014-2018.

Table 9-9 Background concentrations of pollutants in the atmospheric air of Khanike village and
Ropsha village (Kingisepp area) /75/. The values (representing the period 2014-2018)
are shown relative to the maximum permissible concentration (MPC) in the last column.

Parameter Concentration Concentration/MPC
ratio

PM 195 pg/m? 500 pg/m? 0.39

S0, 13 pg/m? 500 pg/m? 0.026

NO, 54 ug/m?3 200 pg/m? 0.27

co 2.4 mg/m? 5 mg/m? 0.48

As shown in the table above, the calculated air quality conditions in the two villages is good, with
no MPC values exceeded, and with baseline concentrations of all calculated pollutants less than
50% of MPC. The primary local sources of air pollution in the area are expected to be traffic and
fuel combustion for local heating. As the above concentrations have been calculated in villages,
baseline concentrations in areas with no human developments can be expected to be lower than
the above values.
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Onshore landfall Lubmin 2

General siting

The construction and operation area required for the onshore part of NSP2 in Germany is located
in the north-east of Mecklenburg Western Pomerania. It borders the Greifswalder Bodden in the
north and the Struck Peninsula, limited with the estuary of the Peene River, in the north-east.
The area is characterised by dunes and kilometres of sandy beaches that are up to 50 m wide.
The high banks are mainly wooded with pines. Height differences between the high banks and
the beach can be up to 6 m.

Geomorphology and topography

The Lubmin 2 landfall area is located within the “Lubminer Heide”, and the top layer in this region
consists of fine and medium sand of different grain sizes (basin sands), deposited in a proglacial
lake during retreat of the recent glacier of the Weichselian Glacial (Pleistocene). In the course of
the Holocene, drifting sand covers and dunes were formed by aeolian sediment shifts, which
superimposed paleosols and peat formations. The recent topsoil consists of forest soil and
isolated fillings /105/.

Below the basin sands, a till horizon follows, of which only relicts remain in the present
investigation area. This is underlain by glaciolacustrine or glaciofluviatile fine to medium coarse
sands. At the bottom of the fine and medium coarse sand layers, intercalations of silt, gravel and
chalk blocks are present. This sand layer is underlain by a till horizon with lumps of clay and
chalk blocks. The basement is formed by Cretaceous chalk.

The structural conditions within the German landfall area indicate strong deformations of the
stratigraphic sequence below the upper till horizon. The deformation, characterised by strong
imbrication and insertion of older strata in the superimposed layers, was caused by the foray of
the youngest glacier of the shift icing that is represented by the upper till.

The area of the “Industriepark Lubminer Heide” in the south of the Lubmin industrial harbour is
characterised by anthropogenic exaggerated soils (excavated and filled grounds). Natural bottom
formation processes are partly inhibited due to total sealing. In the north-east of the area of
investigation, the relief is flat and close to sea level, turning into flat-wavy southwards while
slowly increasing to 20 m above sea level. No contaminated sites can be found within the
German landfall area /54/.

The coastal area near Lubmin industrial harbour is characterised by a sandy beach and a dune.
Both beach and dune are a result of intensive beach nourishment in 2005. To the east of the
beach is an area of natural pine forest (see Figure 9-15).

. [ ] v .
I ‘ 3 I

Figure 9-15 Coastal area at the potential landfall area Lubmin 2.
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The landfall area itself is located within the extensive pine forest complex "Lubminer Heide". This
forest area grows on a dune area with flat-waved terrain topography.
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Figure 9-16 Overview of the industrial area Lubminer Heide.

Freshwater hydrology

Surface waters

All surface waters in the German landfall area are of anthropogenic origin. These include the
industrial harbour Lubmin located in the north-east of the area of investigation, the former inlet
of the nuclear power plant located in the east and several drainage channels in the lowland area
to the north-east. Furthermore, a trench runs through the Lubminer Heide to the inlet of the
retention basin of the former nuclear power plant.

The banks of the harbour basin and the inlet to the former nuclear power plant are artificially
stabilised and low in vegetation. The retention basins are not stabilised. Some of them are
intensively maintained; others are left alone and no maintenance measures are applied. Large
areas are occupied by pristine and riparian vegetation.

Information on the nutrient status of the different water bodies is not available. Owing to the
direct connection to the eutrophic Greifswalder Bodden, the outflow channel (connection to the
Peene River) and the shipping intensity, it can be assumed that the nutrient load of the harbour
basin is very high.
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9.4.3.2 Groundwater

9.4.4

9.5

Three aquifers are located within the area of investigation. The upper one, consisting of glacio-
fluvial sands and Holocene sands, is not confined on any site. Therefore it contains unstressed
groundwater. The second aquifer, also consisting of sand, is covered by till that widely varies in
depth. The third aquifer occurs only at the eastern edge of the study area. The permeability of all
three aquifers lies between 10#-10° m/s (corresponding to fine sand). The thickness of the
aquifers varies between 2 m and 10 m.

Groundwater levels are close to the mean sea level nearshore and increase to +5 m above the
mean sea level at the southern edge of the study area. The groundwater is hydraulically
connected to the water of the Baltic Sea, and the coastal groundwater can be influenced by
brackish water. No drinking water protection zones are located within the area of investigation.
The nearest drinking water protection zone is located 2 km south of the Lubmin 2 landfall area
/54/.

Climate and air quality

The climate of the Lubmin 2 landfall area is influenced by the sea, e.g. due to thermic attenuation
properties of the adjacent water body (the Baltic Sea) and stronger winds throughout the year.
The coastal climate of the German landfall area is furthermore characterised by high humidity,
low daily and annual temperature variation in the colder early spring and the warmer autumn and
low levels of anthropogenic air pollutants.

Due to the low density of vertical structures, the terrestrial area of interest is characterised as an
area exposed to wind which acts to disperse any air pollutants that do arise.

Relevant air quality standards are specified in national legislation that implements an EU
Directive regarding air pollution /103/. With respect to the air quality reports of the German
federal state of Mecklenburg-Western Pomerania (e.g. air quality report for 2014 /107/), air
quality in the landfall area is generally good. The concentrations of contaminants such as SO,, CO
and benzene (C¢Hg) are at a very low level across the federal state and clearly below legal limits.
Due to varying distances to urban structures, concentrations of NO, PM in particular vary
between more rural- and urban-oriented gauging stations. Ozone values can exceed the legal
limit on single days at some stations as a result of weather conditions. The NO, threshold (yearly
average) is exceeded at a single gauging station.

Results from nearby monitoring stations, notably those in Zingst (UBA monitoring network) and
Garz, located to the south of Riigen Island, indicate that all pollutant levels are below the
relevant significant thresholds, with the exception of a single daily exceedance of ozone values as
a result of weather conditions. Particulate matter PM, s has been documented with an average
concentration of 12 pg/m?3 within the last three years (station Rostock-Warnemiinde /108/). The
background presence of nitrogen is defined by a deposit value of 9 kg/ha per year for the landfall
area and the surrounding water areas (referring to 2009 /109/).

Most parts of the onshore areas around Lubmin are in general defined as ‘pure air areas’, with
only a slight negative influence on air quality. The air quality parameters documented by selected
monitoring stations are clearly below the threshold level for the preventive protection of human
health with regard to ecological aspects, apart from single stations in the vicinity of heavily
trafficked roads. However, an anthropogenic basic load also exists for pure air areas, due to
large-scale impacts on air quality on a European level (atmospheric deposition of nutrients, such
as nitrogen, and trace elements, such as Cd, Cu, Zn, Pb, as well as persistent organic chlorine
compounds and aerially occurring Hg.

Onshore ancillary areas
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Climate and air quality

The onshore ancillary areas are all situated in coastal areas near the Baltic Sea and are therefore
influenced by the adjacent water bodies. The climate, however, varies because the areas are at
different degrees of longitude and influenced by, e.g., topography, winds, distance to the sea,
etc.

Air quality varies between the sites as a result of differences in local and regional sources of air
pollution, e.g., traffic, industry, dwellings, etc.

The existing conditions regarding climate and air quality are described for each individual area
below.

Kotka

The Kotka area is situated on the southern coast of Finland as well as on islands immediately
adjacent to the coast. The influence of the Baltic Sea means that this part of Finland has the
characteristics of a coastal climate, with moderate winter temperatures. For Finland as a whole,
the mean temperature is much higher than other areas at the same longitude as a result of the
rising temperatures of the Baltic Sea, inland waters and airflows from the Atlantic.

Air quality in the Kotka region is affected by various sources such as power plants, pulp and
paper mills, harbours and transboundary emissions. Pulp mills and ship traffic produce the largest
emissions. Direct and indirect emissions from road traffic are significant in heavily operated built-
up and harbour areas; also particulate emissions from wood burning to heat residential buildings
contribute. According to the monitoring results from recent years, air quality in Kotka has been
mostly good or satisfactory. Typically, the air has had quite low annual and monthly
concentrations of PM (PM;j), nitrogen oxides (NOy) and total reduced sulphurs (TRS). Short-term
concentrations during abnormal conditions have occasionally been high. In summary, air quality
in Kotka does not differ from the air quality of similar cities in Finland. In recent years, air quality
has been stable or has improved slightly. Ship traffic causes significant amounts of emissions into
the air from Mussalo Harbour. Handling of dry bulk materials at the harbour can occasionally
result in high peak concentrations of PM.

Hanko and Karlshamn
These two ancillary areas will be used as storage yards for materials used in the construction of
NSP2 (mainly weight-coated pipes).

The climate of Hanko is comparable to that of Kotka described above, as Hanko is also situated in
the southern part of Finland and influenced by the same climatic factors.

Air quality in Hanko is mainly considered good. Air quality is affected by various sources such as
industry, harbour operations, heating, energy production, transport and transboundary
emissions. Emissions vary annually and there is no clear trend in emissions levels in recent years.
The closure of the Koverhar steel factory has resulted in reduced emissions nitrogen oxides and
PM. Monitoring of the general air quality in Hanko (concentrations in air) has not been conducted
in recent years. In 2009, nitrogen dioxides (NO,) were measured in Hanko city centre, and the
annual average concentrations were low (8-13 pg/m?® NO,) compared with the threshold value of
40 pg/m3.

Karlshamn is situated to the south compared to the Finnish archipelago. The average
temperature is therefore higher. However, in general the climate in this area is also strongly
affected by the Baltic Sea with a coastal climate and moderate winter temperatures, supported
by warm air masses from the Atlantic.

The air quality in Karlshamn is influenced by local sources such as emissions from ships in the
harbour, traffic and industry. Other activities such as construction work and handling of, e.g.,
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gravel, aggregates, etc. may contribute to occasional local dust nuisances. In general, however,
the air quality in Karlshamn is considered to be only slightly impaired compared with clean air,
and exceedance of air quality thresholds is not expected.

Mukran

As is the case with the German landfall area (see Section 9.4.4) the Mukran area is to a large
extent influenced by the Baltic Sea, resulting in a coastal climate that is characterised by high
humidity, low daily and annual temperature variations in the colder early spring and the warmer
autumn and low anthropogenic air pollution. This means that the air quality in this area is
considered as being under slight negative influence.
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Biological environment

Marine areas

Salinity, temperature and oxygen are physical parameters that act to constrain the biodiversity in
semi-enclosed water bodies. The biology in the Baltic Sea, which is such a water body, is
therefore influenced by both the physical and chemical environment. As described in Section 9.2,
the Baltic Sea is a particularly brackish sea, with significant gradients in both salinity and
temperature. In addition, the pycnocline (thermo- and haloclines) defines the water column
profile of the Baltic Sea (see Section 9.2). In general, biodiversity and species richness increases
with increasing salinity. Therefore diversity is generally lowest in the Gulf of Finland and
increases towards Germany.

The ecosystem is composed of species or species groups, communities and habitats, and the
interaction between the different trophic levels (feeding position in the food web). For the Baltic
Sea, the relevant species or species groups (i.e. receptors) are plankton, benthic flora and fauna,
fish, marine mammals and birds. The habitats are influenced by the specific combination of
abiotic and biotic conditions which determine both the individual species and communities as well
as the assemblages of species supported by them. For a further description of the overall
ecosystem functions and biodiversity, see Section 9.6.8.

In the following sections, the terrestrial flora and fauna onshore at the landfall areas and the
marine biology receptors, together with the protected areas of the Baltic Sea, are described in
detail. Key areas used to describe the biological baseline are shown in Figure 9-1 (sub-basins)
and Figure 9-17.
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Figure 9-17 Key areas of the Baltic Sea used for the biological baseline description; see also Figure 9-
1.
Plankton

Plankton comprises small organisms such as phytoplankton and zooplankton that live in the
water column.

Phytoplankton

Phytoplankton comprises a group of microscopic photosynthetic organisms (microalgae; e.g.
diatoms, dinoflagellates and cyanobacteria). They are the main source of primary production in
the Baltic Sea and form the base of the marine food web. Therefore phytoplankton are essential
to the ecosystem function, as they provide the basis for the productivity of higher trophic levels
(zooplankton, fish, etc.). Phytoplankton also perform a vital role in the biogeochemical cycles of
many important chemical compounds (especially Carbon, Nitrogen, Phosphorous, Silicium-
cycles), particularly the carbon cycle of the ocean. Carbon fixed by phytoplankton enters the food
web, where it is consumed by mostly zooplankton. Detritus (dead organic material) subsequently
sinks, often in areas away from the coast, which leads to the transport of carbon from the
surface waters to the deep water. This process, known as the ‘biological pump’, is one of the
reasons that the oceans constitute the largest (active) pool of carbon on earth.

Owing to its high dependency on light for growth, phytoplankton are restricted to the upper part
of the euphotic zone, which in the Baltic Sea ranges from a few metres in coastal areas to 35 m
in the central areas. The vertical and horizontal distribution of phytoplankton is also dependent
on the turbidity of the water and the availability of nutrients (nitrogen and phosphorus), which
are essential for growth, as well as climatic conditions and currents. A high nutrient load due to
eutrophication can give rise to substantial increases in phytoplankton biomass, which leads to an
increased detritus load to the seabed. The degradation of detritus in turn results in high oxygen
consumption and a potential oxygen deficiency on the seabed, which can impact the benthic
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communities (species living on the seabed), as discussed in Section 9.2.2.5 on eutrophication
dynamics and the status of the Baltic Sea.

Chlorophyll a is the most abundant photosynthetic pigment among all photosynthetic organisms
and can therefore be used to estimate phytoplankton biomass, and hence its horizontal
distribution. The surface chlorophyll a concentration in European waters is measured continuously
by the Joint Research Centre of the European Commission using satellite mapping (Ocean colour
remote sensing). Surface chlorophyll a is shown for each of the months of 2012 (Figure 9-18,
Atlas Map PE-02-Espoo) and for the month of July for the period 2004-2012 (Atlas Map PE-01-
Espoo). This indicates that plankton is distributed throughout the entire Baltic Sea with the
biomass in general highest in the summer months (June-August), with the highest levels
occurring in the Gulf of Finland and in the eastern Gotland Basin (Figure 9-18, representing the
year 2012) /110//111/.
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Figure 9-18 Surface chlorophyll a concentration (mg/m?®) for each month in 2012 /110/.

Phytoplankton also exhibit significant cyclical changes in response to seasonal variations in
sunlight and temperature. In general, there are three annual phytoplankton blooms in the Baltic
Sea /110/, /111/, /112/, /113/. The timing of the blooms in the different areas depends on the
above-mentioned factors. Although seasons vary slightly between regions, in general the timing
of the phytoplankton blooms can be described as follows:

e In spring, when nutrients and light become available, the biomass of phytoplankton
increases massively. The spring bloom typically consists mostly of diatoms and/or
dinoflagellates. When the dissolved nitrogen is depleted, the algal biomass in the upper
part of the water column decreases until it reaches the summer minimum.

e In summer, recurrent blooms of cyanobacteria usually dominate the coastal areas and
surface waters /112/. Cyanobacteria blooms depend on the available amounts of
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phosphate in the surface water and favourable weather conditions. Some cyanobacteria
are capable of nitrogen fixation, i.e. uptake of nitrogen from the atmosphere, and can
form massive visible surface accumulations of several weeks’ duration throughout large
parts of the Baltic Sea /114/.

e In autumn, as temperatures decrease and winds increase, water mixing typically
increases the supply of nutrients from the nutrient-rich bottom water, which may lead to
a third, minor naturally occurring autumn bloom.

As a result of the brackish conditions of the Baltic Sea, phytoplankton communities differ in
composition from those in other marine areas, with the low salinity resulting in lower species
richness compared with other areas. Approximately 1,700 phytoplankton species have been
recorded in the Baltic Sea /112/, although many of these are only represented in very low
numbers. Species diversity for phytoplankton does not follow the general pattern of low species
diversity in areas with lowest salinity, as the most phytoplankton diverse areas in the Baltic Sea
are in the Gulf of Finland, which has low salinity /112/. This is due to the influence of freshwater
species. In the more saline waters (southern Baltic), phytoplankton are dominated by diatoms
and dinoflagellates (marine species). The diversity is lowest in the Bornholm and Gotland Basins
(central Baltic) owing to unfavourable salinity conditions for both marine and freshwater species.
There are no records of species of phytoplankton on the HELCOM Red List or the IUCN Red List.

Bloom-forming cyanobacteria occur throughout the Baltic Sea (Atlas Map PE-03-Espoo). Some of
these species are potentially toxic to fish, mammals and humans. Dominant bloom forming and
potentially toxic species are Aphanizomenon (occurring primarily in the northern parts of the
Baltic), Nodularia (occurring primarily in the central and southern parts of the Baltic) and
Dolichospermum (which occurs in all regions) /113/, /114/.

The production of plankton can be very high due to a very low turnover time, which is on average
2-6 days for phytoplankton.

Zooplankton
Zooplankton is a group of small planktonic animals that constitute a food source for
zooplanktivorous fish. Therefore zooplankton is a key link in the food chain.

The zooplankton communities in the Baltic Sea comprise a mixture of freshwater, brackish and
marine species. Approximately 1,400 species of zooplankton ranging from microzooplankton to
macrozooplankton (0 pm to more than 20 mm) have been recorded for the entire HELCOM area
(Baltic Sea, Danish Straits and Kattegat) /112/. The species richness increases with salinity.
Again, the brackish conditions restrict the diversity of the marine species and as a consequence
of the salinity gradient in the Baltic Sea, the marine species dominate the southern Baltic Sea
/115/. Microzooplankton is the most diverse group, dominated by cilates and rotifers. The meso-
and macrozooplankton is dominated by calanoid copepods (Pseudocalanus, Temora longicornis
and Acartia spp.) and cladocerans (Evadne nordmanii). There are no records of species of
zooplankton on the HELCOM Red List or the IUCN Red List.

Although zooplankton can occur throughout the water column, the temporal variation in vertical
and horizontal distribution depends on the eco-physiological tolerances (e.g. salinity, oxygen
level and temperature preferences) of particular species and the availability of food resources
(e.g. phytoplankton and bacteria) /112/, /116/. The pycnocline (see Section 9.2.2.1) constrains
the vertical distribution of zooplankton species and is thus a key determinant of the vertical
assemblage patterns in the different layers of the water column /112/.

Zooplankton biomass is closely linked to the food source, i.e. phytoplankton and
microzooplankton (ciliates and smaller flagellates). As a consequence, the zooplankton blooms
follow the timing of phytoplankton blooms, with their intensity being linked to, but lower than,
the blooms of phytoplankton. Therefore mid-summer (exact timing depending on region) is the
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high season for zooplankton because of the abundance of food and fast growth and generation
cycles as a result of high water temperatures.

The production of zooplankton ranges from hours for protozoans to a year for large zooplankton
species.

Importance of plankton

Plankton plays a key role in the marine ecosystem as the base of the marine food chain, while
phytoplankton has an addition key role in the carbon cycle. Although the Baltic Sea does not
include any species of plankton that are on the HELCOM Red List, on the global or national IUCN
Red Lists or protected under national legislation, plankton is considered to be of medium
importance owing to its role in the food chain and carbon cycle.

Benthic flora and fauna

Benthic flora and fauna comprise organisms that live on or in the seabed. The structure of the
benthic communities in the Baltic Sea is largely dependent on a number of factors, including
oxygen concentration, salinity, light and substrate conditions as well as water movement. In
addition, water quality, nutrient load, food supply, trophic competition with alien species, etc.
also contribute to the community structure.

Benthic flora

Benthic flora comprise macroalgae associated with hard substrates, species that are free-floating
in the water column, and flowering plants (angiosperms) that can be found in soft bottom areas,
primarily in the coastal areas. Owing to the importance of the Baltic Sea as a nursery, breeding
and feeding area for invertebrates and fish, which in turn attract seabirds, benthic flora are a key
component of the food chain of its marine coastal ecosystem.

Benthic flora are distributed in areas where the photic zone reaches the seabed (Atlas-Map BE-
01-Espoo), which is in general in shallow coastal waters. At water depths greater than 35 m,
microalgae are completely absent in the Baltic Sea /112/. The distribution on a local scale is
structured by light availability (and water depth), substrate type and wave exposure /112/.

In relation to NSP2, the benthic flora of relevance are thus those occurring in the nearshore areas
of Russia and Germany, see Atlas Map BE-01-Espoo.

Within the areas where benthic flora do occur, as for other biological components of the Baltic
Sea (except plankton), the number of species is driven by the salinity gradient with an increase
in species richness from Russia to Germany (although in Greifswalder Bodden the salinity and
consequently the biodiversity of marine species decreases again as a result of the freshwater
influence from land). In general, there is an increase in the presence of green algae species
(Chlorophyceae) and a decrease in red and brown algae species (Rhodophyceae and
Phaeophyceae) in the northern parts of the Baltic Sea /112/.

The surveys of benthic flora undertaken as part of the Russian and German EIAs for NSP2
identified the following key findings:

¢ In Narva Bay (Russia), benthic flora comprise a mixture of marine and freshwater species.
As the environment is nutrient rich, the species are dominated by filamentous green algae
and the distribution is sparse. Benthic flora are not observed at water depths greater than
5-6 m (see bathymetry map of Narva Bay in Figure 9-3). However, the area around the
planned NSP2 route in the southern part of Narva Bay showed that there were no benthic
flora in the immediate nearshore areas to the landfall. This is likely due to the sandy
character of the seabed that is influenced by waves/currents and subsequent sand
movements, which prevents settlement and growth of flowering plants. In addition, the
area is without boulders and hence hard substrates on which macroalgae can attach.
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e Within the Pomeranian Bay, macroalgae are dominated by the red algae Coccotylus
truncates at water depths between 4.4 m and 12.9 m.

e In the area of the ‘Boddenrandsschwelle’, (shallower water depth), macroalgae are
detected at water depths between 2.8 m and 5.4 m.

e Scratch samples taken in reef areas in Germany near NSP, showed that red algae
(Polysiphonia fucoides, Polysiphonia fibrillosa, Ceramium diaphanum, Coccotylus
truncatus, Acrochaetiacea gen. sp.) dominated the area. Sphacelaria arctica is the
dominant brown algae.

e The central parts of Greifswalder Bodden (nearshore area) are mostly free of
macrophytes. Along the pipeline route in this area, benthic flora are only observed
sporadically at water depths between 5.4 m and 9.6 m.

e At the landfall point Lubmin 2, the occurrence of flowering plants is observed from the
swash zone to a depth of 1 m. The dominant flowering plant species is fennel pondweed
(Stuckenia pectinate). Coverage of S. pectinata varies between 0% and 10%. In addition,
horned pondweed (Zannichellia palustris) and beaked tasselweed (Ruppia maritima) are
present in the landfall area.

As a result of the strong salinity gradient, benthic flora are often at the border of their
distribution range in the Baltic Sea and can therefore be less resilient to change than the same
species occurring in other, more strictly marine or freshwater environments. In addition, the
eutrophication status of the Baltic Sea is unfavourable, which has an impact on the diversity of
the communities, as opportunistic species with high growth rates and very short lifecycles are
favoured.

Benthic fauna

Benthic fauna refers to invertebrates found on (epifauna) and in (infauna) the seabed. Among
the invertebrate fauna three groups dominate, i.e. molluscs, polychaetes (bristle worms) and
crustaceans. Benthic fauna constitute a central link between the primary producers (algae) and
the higher levels of the food chain, often playing the role of ‘habitat builders’ (mussel beds).

The composition of benthic fauna communities depends on salinity (large scale), sediment type,
water depth, temperature and oxygen availability. As for all other species, the number of benthic
fauna species (macrozoobenthos >1 mm) decreases rapidly as the salinity decreases northward.
The marine species are ultimately replaced by freshwater species in the north and in the coastal
areas. As the distribution is also oxygen dependant, large areas without benthic faunal life are
found in the deep areas of the western Gotland Basin and the northern Baltic Proper /112/. The
most recent data on benthic fauna from the entire Baltic Sea collected and analysed during a
study in January 2016 by Gogina et al. /117/ showed on the basis of abundance data that 10
benthic fauna communities dominate the Baltic Sea, and that only 4 of these are found along the
pipeline route (see Figure 9-19) /117/.

As discussed above with respect to benthic flora, benthic fauna are for the same reasons less
resilient to change than the same species occurring in other, more strictly marine or freshwater
environments, and the diversity of the communities is subject to the effects of eutrophication. In
addition, benthic fauna are often subject to stressors, such as hypoxic conditions or intensive
trawl activities, which can reduce their resilience to change.
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Figure 9-19 Benthic fauna communities based on abundance, based on data from the period 2000-

2013 /117/, showing the most abundant or characteristic species. It should be
emphasised that monitoring has also shown that the presence of benthic fauna is limited
at water depths >80 m as a result of oxygen deficiency /118/. See also Atlas Map BE-02-

Espoo.

The surveys of benthic fauna undertaken to inform the various national EIAS/ES required for the
permitting of NSP2 identified the following key findings:

e Key taxa occurring along the entire offshore route section of NSP2 comprise the
polychaete Marenzelleria spp. (opportunistic species), the bivalve Macoma balthica* and
the crustacean Monoporeia affinis (only found in well-oxygenated water).

e 23 taxa occurring in Russian nearshore waters are mostly represented by Marenzelleria
spp., the oligochaete Baltidrilus costatus, the nemertea Prostoma sp., the crustacea
Chelicorophium curvispinum and the bivalve M. balthica.

e In Russian waters, the variety of benthic faunal communities is very poor in areas
shallower than 4 m due to unfavourable sandy substrate and an active wave regime.
Benthic fauna that do occur in these areas comprise a very few species of oligochaete and
polychaete, typically with very low abundance.

% Macoma balthica is referred to as Limecola balthica in the German EIA.
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e In Russian waters deeper than 7-9 m, benthic fauna typically comprise the crustacean
Saduria entomon.

e The highest abundance of zoobenthos was recorded at 20-35 m water depth, where M.
balthica make up to 75% of the total biomass. The most abundant group was oligochaete.

e In Russian and Finnish waters, no, or only a few, opportunistic species were generally
observed in deep waters (40-70 m), with S. entomon being the main species observed at
these depths.

e In the more saline waters in Sweden and Denmark, the dominant species are blue
mussels (Mytilus sp.), Pygospio elegans and Scolopos armiger, with up to 18-20 species
being recorded in Swedish and Danish waters and 49 species (including 3 species only
identified to a higher taxonomical level) being recorded in German waters.

e Key species observed in German waters in the Pomeranian Bay included molluscs such as
Peringia ulvae, Mya arenaria, Cerastoderma glaucum and M. balthica.

e In Greifswalder Bodden, 39 species were observed, with the most abundant species being
P. ulvae and M. arenaria.

e The nearshore areas close to the German landfall have the lowest species diversity within
German waters, with only 10 species recorded and being dominated by Bathyporeia
pilosa.

9.6.2.3 Importance of benthic flora and fauna

9.6.3

Benthic flora are a valuable part of the ecosystem of the coastal areas, where they can reach
high biomass and form the living habitat for many species of invertebrates and fish. Benthic
fauna constitute a central link between the primary producers (algae) and the higher levels of the
food chain.

None of the species of benthic flora observed in the Baltic Sea that are included on global Red
Lists have been observed close to the NSP2 route. Beaked tasselweed (Ruppia maritima)
(characterised as Vulnerable in German Red List, see Appendix 2) occurs within the project
investigation area.

Only three HELCOM Red List benthic fauna species (all Least Concern) were observed during the
survey campaign: S. entomon (Russia, Finland, Sweden), M. affinis (Denmark, Finland, Sweden)
and Pontoporeia femorata (Denmark, Sweden) (see Appendix 2). In addition, a number of
species included on German Red List were observed. Of these, two species observed in German
waters are classified as endangered: M. affinis and Halitholus yoldiaearcticae (for further
information, see the German EIA /54/).

The overall importance of the benthic communities (both flora and fauna) is therefore assessed
as medium.

Fish

Fish play an important role in the Baltic Sea food web as predators on e.g. benthic fauna,
plankton (eggs, fish fry) and as a food source for higher trophic levels such as birds and marine
mammals. Fish also perform a key provisioning ecosystem service to commercial fisheries
throughout the Baltic Sea. Although fish diversity is generally low as a result of brackish
conditions, the Baltic Sea nonetheless supports several species of both commercial and
conservation interest.

Owing to the brackish nature of the Baltic Sea, only approximately 100 species have been
recorded, of which 70 are marine species. Marine species dominate the Baltic Proper, while
diadromous species and other species tolerant of varying salinity conditions occur in the coastal
areas. Marine fish species composition in coastal areas, the Gulf of Finland is similar to that of the
Baltic Proper, but a higher contribution of freshwater species /119/.
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Marine species, notably cod (Gadus morhua), herring (Clupea harengus) and sprat (Sprattus
sprattus), comprise the large majority of the fish community across the entire Baltic Sea, both in
biomass and number (>75%). Other species include demersal marine species such as flounder
(Platichtus flesus), plaice (Pleuronectes platessa) and turbot (Psetta maxima) living in the central
and south-western parts of the Baltic Sea. An overview of their spatial distribution and spawning
patterns is provided in Table 9-10 and shown in Atlas Map FI-01-Espoo.

Fish that dominate a community structure can be very important for the whole system, although
their exact role may often be quite subtle. Cod is the main natural top predator on herring and
sprat, and there is also some cannibalism on small cod. Herring and sprat, however, prey on cod
eggs. The trophic interactions between cod, herring and sprat may periodically exert a strong
influence on the state of fish stocks in the Baltic. Because herring spawn in coastal areas, the
population is also subject to interactions with freshwater species in the coastal zone.

In comparison with that of truly marine areas, the contribution of diadromous species (species
that live part of their lives in the sea and part in fresh water, where they also spawn) to the
composition of the fish community is relatively large. Species include the three pelagic salmonid
species (salmon (Salmo salar), sea trout (Salmo trutta) and grayling (Thymallus thymallus))
together with smelt (Osmerus eperlanus) and the demersal European eel (Anguilla anguilla).
Other common marine species are snake blenny (Lumpenus lampretaeformis), four-bearded
rockling (Enchelyopus cimbrius), bullrout (Myoxocephalus scorpius), sea snail (Liparis liparis),
dab (Limanda limanda), brill (Scophthalmus rhombus), sand eels (Ammodytes sp.), twaite shad
(Alosa fallax), whiting (Merlangius merlangus), whitefish (Coregonus maraena) and garfish
(Belone belone). Populations of diadromous species may be especially sensitive to activities that
disrupt or prevent their migration between the sea and fresh water, as this can prevent
spawning.

European eel and grayling are the only threatened fish species classified as Critically Endangered
on the IUCN and/or HELCOM Red Lists that potentially can be encountered in connection with
NSP2. The European eel is also subject to CITES (Convention on International Trade in
Endangered Species of Wild Flora and Fauna) and the EU Eel Regulation®.

The European eel is a catadromous species and distributed throughout the Baltic Sea in coastal
areas and adjacent freshwater rivers, streams and lakes. The whole European stock is considered
to be a single panmictic population. Spawning takes place in the Sargasso Sea in early spring,
and newly hatched eel larvae drift with the ocean currents to the continental waters of Europe
and North Africa, where they metamorphose into glass eels. The growth stage (yellow eel) takes
place in coastal areas, streams or rivers. Mature adult eels from the northern part of the Baltic
Proper migrate along the Swedish coast, while eels from the eastern part also seem to migrate in
the open part, including the waters around Bornholm /120/. The recruitment of glass eels to
Europe has shown a sharp decline in the last 25 years. Management plans for the protection of
the European eel have been implemented within the EU. Historically, there was a natural passage
of eels into Narva River. However, this ceased when the hydroelectric power station was built in
the 1950s. Therefore the eel population of the Narva river basin is now supported by permanent
stocking of the upstream lake, with eels migrating naturally downstream through the Narva and
into the Baltic. The main proposal of this management plan is to increase the annual stocking
amount of eel /121/. During a field survey in Russia in 2016, no eels were observed, and the
potential for their presence in the areas of influence of NSP2 is considered to be low. In
Germany, the river systems of Warnow and Peene (river basin which includes Greifswalder
Bodden) are most important for the migration of eels to and from the spawning sites. NSP2
crosses the transition route of the Peene system /122/.

1 CITES and the EU Eel Regulation have the objective to ensure the protection and sustainable use of the stock of sustainable eels.
This is achieved through requiring Member States to develop management plans for their territory.
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Grayling inhabit coastal areas only sporadically in the Gulf of Bothnia, both in Sweden and
Finland. Baltic Sea populations are considered critically endangered in Finland. Generally,
grayling inhabit rivers with hard sand or stone bottoms and well-oxygenated, cold and fast-
flowing water. However, grayling also occur in clear lakes and brackish part of the northern Baltic
Sea /123/. Spawning takes place in shallow water in early spring. It is common for fry to spend
only a short time in small streams before wandering out to calm waters or lakes /124/. The
abundance of grayling has decreased during the last 20 years in Sweden and even longer in
Finland. The exact level of decrease is difficult to estimate owing to the low number of individuals
left. However, a 50%-90% decrease has been estimated. The situation for coastal spawning
grayling is much worse than that of anadromous. The species is threatened by climate change,
especially increasing temperatures in its southern distribution area. Regionally, the species
suffers as a result of dam construction, river regulation, pollution and eutrophication /123/.

The typical freshwater species present in the vicinity of the NSP route include bream (Abramis
brama), pike (Esox lucius), perch (Perca fluviatilis), pike-perch (Lucioperca lucioperca), roach
(Rutilus rutilus), vendace (Coregonus albula) and burbot (Lota lota). In some years, three-spined
stickleback (Gasterosteus aculeatus) also occur in large numbers. These species mostly occur
along the coastline of the Baltic Sea.

The trends and pressures controlling the fish communities of the Baltic Sea and the resilience of
fish communities to change depend on multiple factors. An important factor is the top-down
regulation of species through fishing and predation, although these factors seem less important
than resource availability and interspecific competition /125/. Climate-driven changes in the
salinity, temperature and oxygen content of the water affect the recruitment and growth of cod,
herring and sprat. Hydrographical climatic variability (i.e. low frequency of inflows from the North
Sea and increasing temperatures) and heavy fishing over the last 10-15 years have thus led to a
shift in the fish community from cod to clupeids (herring, sprat). This is due to weakening cod
recruitment and subsequently more favourable recruitment conditions for sprat.

Further stresses on fish species are associated with the brackish nature of the Baltic Sea, which is
too salty for most freshwater species and too fresh for most marine species, resulting in
increased energy demands related to osmoregulation (regulation of salt concentration in bodily
fluids). In addition, the water is relatively cold and thus many of the Baltic species — the majority
of which are of marine origin — are at the periphery of their distribution range. As a result, the
biota is particularly vulnerable to pollution and other anthropogenic stresses /119/.

Commercially exploited species

The most important commercially exploited species in the Baltic Sea are cod, sprat and herring,
which together make up 95% of the commercial catches in the Baltic Sea. Other commercially
exploited species, especially in the southern part of the Baltic Sea, include flounder, plaice, turbot
and salmon. The species distribution and spawning characteristics are shown in Table 9-10.
Spawning and nursery areas are very important for the recruitment of fish species and hence are
the focus of the analysis provide below.

Table 9-10 Spawning time and areas (main table) and key characteristics (following text) of the
seven most important commercial fish species in the Baltic Sea, including the distribution
of fish species. W=west, S=south, N=north, Ezeast, win=winter.

Spawning characteristics

Species Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
COd XW XW XW XE/W XE/W XE/W XE XE XE

Sprat xWin X X X X xHin | oxwin
Herring X X X X

Flounder x5 x5 XS/N XS/N xN

Plaice X X X X X
Turbot X X
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Salmon X X X X X

Key characteristics of species

Cod (demersal):

Distribution: Two populations are present: eastern and western Baltic cod. These stocks have different
morphological characteristics and population genetics. They overlap in the Arkona Basin, east of Bornholm Island
(DK). The eastern population is the largest, accounting for approximately 90% of the cod stocks in the Baltic Sea
/126/. However, the sub-populations in the Gdansk Deep and Gotland Deep seem seriously reduced, in particular
the Gotland Deep, where almost no spawning occurs /127/. In the Russian part of the Gulf of Finland, cod stocks
are normally absent due to low salinity. Very occasionally, about once per 15-20 years, shoals of cod (or just a
few specimens) may temporarily penetrate to the westernmost area of the Russian part of the Gulf of Finland,
associated with strong intrusions of marine water from the Baltic Proper.

Spawning: Significant inter-annual variations occur in the spawning time of eastern Baltic cod (E) /126/, /127/
and a marked shift in the timing of spawning from April-June to June-August was observed in the 1990s. The
spawning period for western Baltic cod - the Belt Sea cod (W) - is Jan-April /126/, /128/, /129/. Eggs are pelagic.
Successful cod spawning requires a minimum salinity of 11 psu in order to keep the cod eggs afloat and an oxygen
content of at least 2 ml/l for the eggs to survive and be able to develop /130/, /131/. The main cod spawning
areas can be seen in Figure 9-20 (see Atlas FI-01-Espoo).

Sprat (pelagic):

Distribution: Sprat live in schools throughout the Baltic Sea, although not as commonly in the Bothnian Bay,
where the salinity is too low to support development of eggs. Sprat is an open-sea species that is rarely found
along the coast.

Spawning: Winter spawning (Nov-Jan) of sprat (win) is followed by summers with exceptionally warm surface
water in the Baltic Sea. However, the contribution of winter spawning compared with annual egg and larval
production is negligible /132/, /133/. Eggs are pelagic and adapted to low salinity levels/134/. Spawning occurs
from February to August, depending on the geographical area /135/, /136/. See distribution and spawning areas
for sprat in Figure 9-20 (see Atlas FI-01-Espoo).

Herring (pelagic):

Distribution: Herring occur in large schools throughout the Baltic Sea, with clearly distinct stocks in different
areas. Herring tend to make seasonal migrations between coastal archipelagos and open sea areas, staying close
to the coast during spring and autumn, while spending summer in productive and nutrient-rich open sea areas.
Spawning: Coastal areas (3-15 m depth) in most parts of the Baltic Sea /137/ see Figure 9-21 and Atlas Map FI-
01-Espoo. Demersal eggs with an adhesive layer that attaches them to the substratum/vegetation in shallow
waters /138/. Spawning periods for spring spawning stocks of different herring populations in the Baltic Sea:

e  Gulf of Finland (ICES 32): May-June, including the coastal areas of Narva Bay and around offshore
islands in the eastern Gulf of Finland, although the landfall area has relatively low importance.

e Central Baltic: April-May (ICES 25), March-May (ICES 26, Polish coastal waters), April-June (ICES 28),
May-June (ICES 29).

e  Western Baltic: March-May; Greifswalder Bodden is a major spring spawning site for herring.

Flounder (demersal):

Distribution: Flounder inhabit most of the Baltic Sea, except for the deeper parts of the Gotland Deep, and show
wide tolerance to changes in salinity.

Spawning: There are two types of flounder in the Baltic Sea: a northern type (N) with demersal eggs, and a
southern type (S) with pelagic eggs. The former may reproduce successfully in the northern Baltic Proper, the
Bothnian Sea and the Gulf of Finland. The spawning period for the southern stock with pelagic eggs is March-June.
The main spawning period for the northern stock is May-July /139/, /140/. The pelagic eggs are bigger and require
a minimum salinity of 10 psu in order to float. The demersal eggs are smaller and more thick-shelled and require
6-7 psu in order to successfully develop /140/.

Plaice (demersal):
Distribution: Plaice inhabit the western Baltic and are rarely found east of the Bornholm Basin. Plaice are l