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INTRODUCTION  

The offshore wind farm in the Baltic Sea is one of the most important projects envisaged in the National 

Energy Independence Strategy1, which will  increase the production of local electricity from renewable 

energy sources (hereinafter referred to as RES) and reduce dependence on electricity imports. Clause 

25.1.3 of the National Energy Independence Strategy provides that energy production from wind energy 

in the Baltic Sea after 2020 is to be conducted, taking into consideration, inter alia, the research carried 

out and other actions taken which are required for the adoption of decisions regarding territories which 

are appropriate for organisation of tenders and for identification of the installed capacity of power 

plants. The Resolution of the Government of the Republic of Lithuania No. 697 of 22 June 2020 ñOn 

the Identification of the Priority Parts of Lithuaniaôs Territorial Sea and/or the Lithuanian Exclusive 

Economic Zone in the Baltic Sea Where a Tender (Tenders) for the Development and Operation of 

Power Plants Using Renewable Energy Sources is (are) Expedient and on the Measurement of the 

Installed Capacities of Such Power Plantsò (hereinafter referred to as the LRV Resolution No. 697)2 

has defined the part of Lithuaniaôs territorial sea where a tender (tenders) for the development and 

operation of power plants using renewable energy sources is (are) expedient until 2030, as well as the 

type of power plants to be developed, i.e. wind turbines. 

The proposed economic activity, i.e. the installation and operation of wind farm, corresponds with the 

activity specified in Sub-Clause 3.6.1 of Annex 1 of the Law of the Republic of Lithuania on 

Environmental Impact Assessment of the Proposed Economic Activity (adopted by the Resolution of 

Seimas of the Republic of Lithuania No. I-1495 of 15 August 1996, hereinafter referred to as EIA Law): 

construction of WT in Lithuaniaôs territorial sea and/or the Lithuanian Exclusive Economic Zone in the 

Baltic Sea, i.e. environmental impact of this proposed economic activity must be assessed.  Pursuant to 

the EIA Law, the objectives of the EIA conducted are as follows: 

- To determine, describe, and assess the potential direct and indirect impacts of the PEA, i.e. 

installation and operation of the offshore wind farm in the territorial sea approved by the LRV 

Resolution No. 697, on the following elements of the environment: land surface and subsurface, 

water, air, climate, landscape and biodiversity, with a special consideration of species and 

natural habitats of European Community interest, as well as on other species, material assets, 

immovable cultural heritage protected pursuant to the Law of the Republic of Lithuania on the 

Protected Species of Fauna, Flora and Fungi, and the interrelationship between these elements; 

- To identify, describe and assess the potential direct and indirect impacts of PEA-induced 

biological, chemical and physical factors on public health, as well as on the interrelationship 

between the elements of the environment and public health; 

- To determine the potential impact of the PEA on the elements of the environment and on public 

health by virtue of the risk of vulnerability of the PEA  due to emergency cases and (or) potential 

emergency situations; 

- To determine the measures to be taken in order to prevent envisaged significant adverse impact 

on the environment and public health, to reduce it or, if possible, to offset it; 

- To define whether the PEA corresponds with the requirements of legislation regulating 

environmental protection, public health, immovable cultural heritage, fire and civil safety, after 

assessed its nature, location and (or) impact on the environment. 

Participants of the EIA process are as follows: 


· Organiser (Customer) of the PEA; 

                                                      
1 Approved by the Resolution of the Seimas of the Republic of Lithuania no. No. XI-2133 ñOn Approval of the National 

Energy Independence Strategyò of 26 June 2012 

2 Resolution of the Government of the Republic of Lithuania No. 697 of 22 June 2020 ñOn the Identification of the Priority 

Parts of Lithuaniaôs Territorial Sea and/or the Lithuanian Exclusive Economic Zone in the Baltic Sea Where a Tender (Tenders) 

for the Development and Operation of Power Plants Using Renewable Energy Sources is (are) Expedient and on the 

Measurement of the Installed Capacities of Such Power Plantsò:  

https://e-seimas.lrs.lt/portal/legalAct/lt/TAD/90aa05b1b6bc11ea9a12d0dada3ca61b?jfwid=32wf7atk 
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· Drafter of the EIA documents; 


· The public concerned; 


· Entities of the EIA. Pursuant to Article 5 of the EIA Law, EIA entities are: the executive 

institution of the municipality in the territory whereof PEA is to be carried out, the institutions 

authorised by the Minister of Health, the institutions authorised by the Minister of the Interior 

responsible for fire and civil protection, the institutions authorised by the Minister of Culture 

responsible for the protection of cultural properties. 

The PEA territory approved by the LRV Resolution No. 697 is outside the territories of the coastal 

municipalities and is located approximately 29.5 km from the coastal line. This IEA also does not cover 

the installation of electricity transmission joint bays. The EIA Report is submitted for coordination to 

the following entities of the EIA responsible for the administration of the coastal area territories 

neighbouring to the PEA territory:  

- Palanga City Municipality Administration;  

- Klaipǟda District Municipality Administration;  

- Klaipǟda City Municipality Administration; 

- Klaipǟda Department of National Public Health Centre under the Ministry of Health; 

- Klaipǟda County Fire and Rescue Department; 

- Department of Cultural Heritage under the Ministry of Culture, Klaipǟda Division.  

Pursuant to Article 5(2) of the EIA Law, entities of the EIA may also be other state institutions if, during 

the examination of the IEA documents, the competent authority, having regard to the nature, size or 

location of PEA, invites them in accordance with the procedure established by the Minister of 

Environment to participate in the process of environmental impact assessment. Additional IEA entities 

invited by the competent authority to participate in the IEA process:  

- State Service for Protected Areas under the Ministry of Environment; 

- SE Klaipǟda State Seaport Authority;  

- Lithuanian Geological Survey; 

- Fisheries Service under the Ministry of Agriculture. 

�x The Competent Authority is the Environmental Protection Agency (EPA). 

The EIA Report has been drawn up following the Regulations on Environmental Impact Assessment of 

the Proposed Economic Activity3 (hereinafter referred to as the Regulations), coordinated and approved 

EIA Programme (Annex 1. Letter of Approval of the IEA Programme), conclusions of entities regarding 

the EIA Programme, and international consulting that took place on the EIA Programme stage.  

The public is informed following Section 5 of the Regulations ñProcedure for Provision of Information 

to the Public and Participation in the Process of Environmental Impact Assessment.ò During the EIA 

process of the PEA, the public concerned has the right to submit any proposals, comments, information, 

analysis, opinion regarding the PEA and EIA thereof to the drafter of the EIA documents, EIA entities, 

and EPA in accordance with the procedure referred to in Section 5 of the Regulations. 

The Convention of the United Nations Economic Commission for Europe on Environmental Impact 

Assessment in a Transboundary Context (hereinafter - the Espoo Convention) determines that a 

transboundary EIA is carried out when the EIA is included in Annex I of the Espoo Convention. 

According to the second amendment of the Espoo Convention (Decision III/7 of 04.06.2004), large 

installations using WT for energy production are included in Annex I of the Convention. According to 

the resolution no. 900 (July 28, 2000) of Government of the Republic of Lithuania  "Regarding the 

granting of powers to the Ministry of the Environment and its subordinate institutions", the cross-border 

EIA coordination and publicization process are coordinated by the Ministry of the Environment.   

                                                      

3 Approved by the Order of the Minister of Environment of the Republic of Lithuania No. D1-885 of 2 October 2017 ñOn 

Approval of the Regulations on Environmental Impact Assessment of Proposed Economic Activities.ò 



Environmental Impact Assessment Report for the Installation and Operation of the Offshore Wind Farm in 

Lithuaniaôs Marine Territory 

 

12 

 

1. INFORMA TION ON THE PROPOSED ECONOMIC ACTIVITY  

The proposed economic activity is installation and operation of the offshore wind farm in the marine 

territory of the Baltic Sea approved by the LRV Resolution No. 697.  

The technical specification for the procurement of document preparation services for the environmental 

impact assessment procedures for the wind turbines to be deployed in Lithuaniaôs marine territory 

defines PEA as the totality of offshore WT, foundations thereof and electricity transmission system to 

the offshore substation, including the offshore transformer substation.  

The electricity will be generated by the wind farm using the offshore WTs and transmitting the energy 

produced to the national grid.  

1.1. Physical and Technical Characteristics 

The PEA is related to a whole range of complex issues ï impact on the environment and socio-

economics, territorial planning, selection and integration of energy systems, engineering solutions, 

logistic and other related challenges both offshore and onshore. The key part of IEA is the technical 

project part, which solutions and technical parameters can have in impact on most sensitive 

environmental components. 

The key parameters conditioning the physical impact of the proposed project are size of turbine, type 

of foundations, location of WT in the farm area, type of offshore TS and installation site, transmission 

cable system inside the farm. 

Please note that the transmission joint bay between the offshore substation and onshore grid are not 

assessed in this report. Although the offshore WT part and its joint bay with the onshore national grid 

and the related infrastructure (hereinafter referred to as the Joint Bay) are an integral part of PEA, this 

EIA scope however includes the environmental impact assessment of installation of offshore WT farm 

and offshore TS with consideration of the fact that currently the site of offshore WT part joint bay 

corridor is still not defined. The above-mentioned site will be defined pursuant to the Law on Territorial 

Planning by developing a territorial planning document and conducting its strategic environmental 

assessment. Once the site of the Joint Bay corridor is defined, the selection for EIA will be conducted 

in accordance with the procedure stipulated by the EIA Law and enforcing legislation, followed by a 

full -scope environmental impact assessment conducted based on resolution adopted by the competent 

authority. 

 

Fig. 1.1.1 Schematic presentation of offshore wind farm (source: 

https://www.northfallsoffshore.com/facts-Fig.s/).  
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Wind turbine  (WT). Most WT designs have upwind, 

pitch controlled, variable speed rotors with three blades. 

Compared to onshore wind turbines, offshore turbines 

are much larger and there is an increased focus on 

reliability and maintainability. A new generation of 

12MW+ turbines has been developed and operating 

reliably, and turbines with ratings at and over 14MW 

are offered by the main suppliers. The design life of an 

offshore turbine is approx. 25 years. The trend for 

longer design life on all turbines is due to the maturing 

of the industry ï developers and WT farm developers 

now expect to operate wind farms for such periods 

without the technology becoming obsolete or 

unsupported by suppliers. Extreme loads due to storms, 

abnormal events and faults during operation can also be 

critical. Typically, an offshore turbine will turn for over 

90% of the time. So, the design driver for many 

components is fatigue loading when generating. 

 
 

Text and illustrations according to interactive 

OWT installation guide: 

https://guidetoanoffshorewindfarm.com/guide 

Height of offshore WT tower is subject to the location wind category and environmental conditions. 

The best fitting WTs will be selected and WT physical and technical parameters, including capacity, 

will be verified during the development of the technical project according to the wind speed parameters 

measuring by the developer. WT consists of three main components: nacelle with integrated turbine, 

rotor and its blades, installed tower and foundation structures.  

 

 

Fig. 1.1.2. WT height scheme (data by David Cerda Salzmann, Delft University of Technology). 



Environmental Impact Assessment Report for the Installation and Operation of the Offshore Wind Farm in 

Lithuaniaôs Marine Territory 

 

14 

 

Nacelle is assembled with the main turbine components 

(generator, gearbox, control system), which ensure the 

generator operation and convert the rotational energy 

into three-phase alternating electricity. For comparison, 

dimensions for a 10MW turbine are 20-25m long x 9-

12m wide x 7-9m high, with mass 400-500t including 

hub. Nacelle mass is kept low to help with overall system 

dynamics and minimise logistics costs. To keep nacelle 

mass down, turbine designs may include the transformer 

and much of the power electronics in the tower base. 

There has been a move away from high-speed gearboxes 

for offshore turbines. Direct drive turbines are used 

instead. 

 

 

The rotor  and its rotating blades extracts kinetic energy 

from the wind and convert this into rotational energy in 

the drive train. The blades are connected to the turbine 

drive train via a central hub. In all offshore wind turbines, 

the blades are mounted on blade bearings to allow 

independent adjustment of the pitch angle of each blade. 

For comparison, a rotor for a 10MW turbine has a mass 

of about 150t and a diameter of 170-200m. There are no 

fundamental limits to the size of rotors for offshore 

turbines. New turbine designs report capacity factors of 

about 50% comparing with the nominal capacity factor. 

Rotor speeds are 5 to 12 r/min, resulting in a maximum 

tip speed of over 100 m/s. It is estimated that rotor 

clearance must be at least 22m above mean high water 

springs. 

 

 

The tower is typically a tubular steel structure that 

houses a nacelle maintenance and power transmission 

shaft. It also houses transformer where alternating 

electricity is levelled and transmitted to the substation. 

For comparison, if the hub height is about 110m above 

sea level, so each tower is about 100m long and has a 

mass over 600 tonnes. About 90% of the mass is steel 

plate with forged steel flanges making up most of the 

rest. Towers are generally uniformly tapered, with a top 

diameter of the order of 5-6m and a base diameter of 7-

8m. 

 

 

 

Text and illustrations according to interactive 

OWT installation guide: 

https://guidetoanoffshorewindfarm.com/guide 

Wind turbine foundation structures  

The foundation is typically around 20m above water level. Moreover, it provides support for the main 

WT structure, transferring a part of the loads from the turbine to the sea bed. The foundation also 

provides the conduit for the electrical cables, as well as access for personnel from vessels. It is estimated 

that over 80% of offshore WTs installed to date have been supported by monopiles driven into the sea 

bed, with jacket foundations representing approximately 15%. Gravity bases are the least common 

design and most examples were deployed at early offshore wind farms in water depths of less than 10m.  

For comparison, for a 10MW turbine at 30m water depth, indicative mass for a monopile (including 

transition piece) is around 1,650 tonnes. For a 10MW turbine at 40m water depth, indicative mass of a 

jacket (including pin piles) is 1,450 tonnes. Meanwhile, the gravity bases in waters of 36-42m report a 

mass of up to 15,000 tonnes.  



Environmental Impact Assessment Report for the Installation and Operation of the Offshore Wind Farm in 

Lithuaniaôs Marine Territory 

 

15 

 

Particular WT foundation design is subject to manufacturer requirements, including loads, frequencies, 

cable scheme, etc., as well as geological and hydrodynamical conditions of the proposed location, 

including potential ice impact and turbulence. The WT foundation design will be selected by the 

developer after considering the results of comprehensive geoengineering studies in the PEA area. The 

selected foundation design is conditioned by the area of natural substrate to be impacted during the 

foundation installation and defines the local change of hydrodynamical conditions in the selected area.  

Monopile foundation structures are the most 

commonly used foundation type to date and are 

considered to be a proven technology by the offshore 

wind industry in water depths up to approximately 

50m. Typically, for a 10MW turbine, the dimensions 

will be up to 10m diameter, 120m overall length and 

2,000 tonnes. The monopile is a cylindrical steel tube 

that is usually driven into the sea bed.  Monopiles need 

to withstand the impact of pile driving into the sea bed. 

The pile needs to be designed to account for these 

impact loads. As it is a simple cylindrical structure it is 

relatively easy to transport and move into its vertical 

orientation. The piles are driven into the sea bed until 

the required depth is reached subject to the WT turbine 

design, geological and hydrodynamical conditions. 

This foundation design reports an impact of the least 

sea bed area, yet produces a considerable underwater 

impulse noise during driving operations. A monopile 

will normally have a transition piece (typically around 

20m above average water level) between it and the 

bottom of the turbine tower, allowing for a personnel 

access to ensure the turbine maintenance. 

 
 

There are several different versions of jacket 

structures, including three legged and four legged. The 

structure itself is permeable, so it is well suitable for 

depth between 20 and 80 m. It shows lower wave loads 

as compared to monopole. It is a highly reliable yet 

expensive structure, which is widely used for the 

installation of offshore platforms. Contrary to monopile, 

A jacket foundation does not have a separate transition 

piece. The upper part of the jacket performs many of the 

functions of the transition piece. There are several 

different versions of jacket structures, three and four 

legged versions are currently the most widely used. 

Jacket foundations are used where ground conditions 

are too hard, or too soft, for monopiles. In addition, 

driving smaller diameter pin piles creates less noise than 

driving a single large monopile. Thus, in locations 

where underwater noise impact is great, a jacket may 

therefore be preferred over a monopole. 

 
 



Environmental Impact Assessment Report for the Installation and Operation of the Offshore Wind Farm in 

Lithuaniaôs Marine Territory 

 

16 

 

Offshore substation is used to collect the entire WT 

farm generating assets, transform and transmit to the 

onshore transmission grid. Its main function is to reduce 

electrical losses before export of power to shore. This is 

done by increasing the voltage, and in some cases 

converting from alternating current (AC) to direct 

current (DC). The main offshore substation components 

are transformers, switchgears, standby generator, staff 

premises, water reservoirs, cables, control and 

monitoring system, etc. An HVAC substation weighs up 

to 3,000 tonnes. An analogous HVDC substation weighs 

up to 18,000 tonnes. A typical OS is installed on the 

foundation design which is the same as WT. The 

platform is about 25m above the sea and has an area of 

800m². A single HVAC offshore substation can support 

the input of about 700MW. Installation of several 

substations would make the power transmission per WT 

farm more efficient. Typically, a 1GW wind farm would 

only have one HVDC offshore substation but the PEA 

territory is rather close to the shore so a cheaper AC 

technology will most likely be used to support the 

proposed WT farm.  

 
 

 

Text and illustrations according to interactive 

OWT installation guide: 

https://guidetoanoffshorewindfarm.com/guide 

Subsea cables 

Subsea cables ensure effective power delivery. Subject to their function, there are two main cable 

designs: array cables used to connect WTs inside the wind farm with the offshore substation and export 

cables that deliver power output from offshore farm to onshore grid. 

Export cable comes in two types ï HVAC and HVDC. An HVAC 

export cable is 3-core whereas a typical HVDC has a bipolar design 

with two single-core cables. HVAC cables suffer important losses 

over longer distances due to reactive power flow. 

HVDC is often used for long distance transmission. 

AC export cables are typically rated between 132kV and 245kV, 

allowing export of 350-400MW per 3-core cable. The industry 

standard for projects is now 220kV for HVAC export cables. A 

220kV three-core copper AC export cable has mass of 

approximately 90kg/m. A 320kV single-core DC copper export 

cable has mass of approximately 40kg/m.  
 

Array cable 

Each WT has of the order of 1.5km of array cable on either side 

associated with it, depending on turbine size and spacing. Array 

cables are now typically rated at 800 mm2 66kV. High voltage 

enables more capacity to be connected on a single string, reducing 

the length of cable required and reducing the number of switchgear 

bays needed on the substation.  

 

Text and illustrations according to interactive OWT installation 

guide: https://guidetoanoffshorewindfarm.com/guide  
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1.2. Installation of Wind Farm 

The main stages of wind farm installation: 

- Installation of foundation, tower and offshore substation;  

- Installation of nacelle and blades;  

- Installation of cables inside WT farm; 

- Connection of WT to the power transmission system.  

 

Foundation installation consists of the transport and 

fixing of foundation in position. Monopiles may be 

installed from a jack-up vessel or a floating vessel. 

Monopiles are generally moved into position using the 

main crane and held in position by a gripper tool. They are 

driven into the sea bed using a hammer and anvil system. 

When the monopile installation vessel has no useable deck 

space for transporting components, the monopiles are 

floated to site using tugs or transported using platform 

supply vessels. It is estimated that the full cycle time is 2-3 

days per monopile. Under some unfavourable ground 

conditions (stones, boulders, solid moraine), monopiles are 

grouted into a pre-drilled rock socket.  

Jacket foundations are installed into place over the pin piles 

and grouted. Post-piling, in which the pin piles are driven 

(or lowered into pre-drilled sockets) through a sleeve on the 

jacket legs, may alternatively be used. It is estimated that 

the full cycle time is 3-5 days per jacket. 

  
 

WT installation . WT tower sections are typically 

preassembled onshore with any internal components and 

the completed structure, along with nacelle and blades, is 

transported vertically to site for final installation. Offshore 

tower installation is undertaken by jack-up vessels due to 

the need for a stable platform to perform offshore lifting 

operations and mating of components at height. It is 

estimated that the installation of a tower from positioning 

the vessel at the site to departure takes about 24 hours. 

The nacelles with placed on the assembled tower with the 

pre-assembled rotor in one peace. Then the hub and 

blades are mounted. 

 

Text and illustrations according to interactive OWT 

installation guide: 

https://guidetoanoffshorewindfarm.com/guide 
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Offshore substation installation is typically carried out on 

the same foundation design as such of WT. Substation is 

floated by special vessels from crane / production site and 

transferred on pre-installed foundation structure.  Offshore 

substation installation is a heavy lift operation, it is 

therefore typically floated on a barge and installed on 

foundation using high-capacity vessel cranes. 

 
 

 

Cable installation is related to installation of power 

transmission system inside WT farm ï array cables 

connecting WT to offshore substation and export cables 

connecting offshore and onshore substations. Cable 

installation activities are preceded with a survey to define 

the route and sea bed cleaning to eliminate any danger 

during excavation (UXO, other hazardous objects). All 

offshore cable installation involves the following activities: 

pre-trenching, cable lay, cable burial, cable pull-in to 

turbine, substation or shore. In engineering terms, pre-

trenching and simultaneous lay and burial using a cable 

plough is often preferred if the soil is suitable as immediate 

burial and protection is obtained in a single pass. Cables are 

typically buried to 1-4m below sea bed. 

 
 

 

 

Text and illustrations according to interactive 

OWT installation guide: 

https://guidetoanoffshorewindfarm.com/guide 

1.3. Operation stage 

The focus of activities during the operational phase of WT 

farm is to ensure proper conditions for the Project 

maintenance and efficient operation. This includes safety 

and security of operations related to the project 

management, staff training, power balancing of WT and TS 

operation, environment monitoring, issues related to 

generated electricity transmission, administration, 

supervision and organization of offshore operations, 

management of vessel and coastal infrastructure. Access to 

WT farm for maintenance operations can be achieved by 

small vessels that can directly approach and moor at WT 

and ensure safe transfer of the maintenance personnel to the 

WT maintenance platform. The period of the turbine defect 

warranty is usually five years.  During this period, the wind 

turbine supplier takes care of WT maintenance and ensures 

smooth transfer of competences to the wind farm owner. 

Activity is divided into preventive maintenance 

(scheduled) and corrective service (unscheduled) works. 

 
Text and illustrations according to interactive 

OWT installation guide: 
https://guidetoanoffshorewindfarm.com/guide 

The bulk of preventive works will typically be carried out during periods of low wind speeds (usually 

the summer months) to minimise the impact on production. Corrective service is performed in response 

to unscheduled outages and is often viewed as more critical, due to accruement of downtime until the 

fault is resolved. Typical maintenance includes inspection, checking of bolted joints, and replacement 

of worn parts (with design life less than the design life of the project). In addition to electrical 

maintenance, foundation and cable inspection and assessment of state are carried out. 
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1.4. Decommissioning stage 

At the end of the nominal design life of an offshore wind farm, to repower the wind farm site with new 

design turbines and likely meaning the update of foundations; or fully decommission the site. Turbine 

decommissioning will require complete removal of the structure. For turbine decommissioning, the 

process will be a reverse of the installation process, such as individual blades being removed, then hub 

and nacelle then finally tower and, partially, foundations (it is possible that some components could be 

left in position on the sea bed where they support secondary areas for biodiversity spread). For 

monopiles or jackets, all elements above the sea bed will need to be removed with piles cut off (typically 

about 1m). Removal of foundations is likely to involve the use of a range of cutting and drilling tools 

including guillotine saws, hydraulic hole cutting tools and abrasive waterjet cutting. The value, 

especially of the main conductor material in array and export cables, is such that it is likely to remain 

worth removing the cables for their use in secondary production. Cables will be disconnected each end 

then pulled from the sea bed and wound on to drums or chopped into short sections for storage on the 

decommissioning vessel. Like wind turbine, for substation decommissioning, the process is also to be 

a reverse of the installation process. If the remaining life of the substation structure and equipment is 

sufficient, the substation could be left in-situ and reused for a repowered wind farm of the same (or 

lower) capacity. All wind turbine components are to be transported onshore and handed over for reuse, 

recycling or disposal.  

It is important to note that environmental studies in scopes as recommended in the section on PEA 

monitoring are required prior to and after decommissioning. 

1.5. Materials to be used 

Offshore WT construction will employ new, European Union certified products. The installation sites 

will only host the assembly and installation of individual devices. The use and storage of hazardous 

chemicals or compounds, radioactive agents; hazardous or non-hazardous wastes during PEA is not 

planned.   

1.6. Waste generation and management 

All wastes generating during WT farm construction and operation will be delivered to ports of service 

and handed over to waste management companies.  

The engineering design for the WT farm will include the potential amount of waste generating during 

construction and operation and waste management plan.  

Once WT farm is decommissioned, major part of its components will be handed over for reuse. When 

this is not possible, the components will be recycled or disposed in designated sites according to 

statutory requirements of the Republic of Lithuania. WT decommissioning project must include the 

generating waste management plan.  
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2. INFORMATION ON THE PR OPOSED ECONOMIC ACTI VITY TERRITORY   

The WTs are proposed to be installed in the marine territory of the Baltic Sea approved by the LRV 

Resolution No. 697 where a tender (tenders) for the development and operation of power plants using 

renewable 

energy sources is (are) expedient by 2030. 

The main characteristics of the territory: 

ï Area: 137.5 km2; 

ï Average depth: 35 m; 

ï Distance from Klaipǟda Seaport: from 38 km;  

 

Fig. 2.1. The PEA territory in the Baltic Sea approved by the LRV Resolution No. 697.  
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Table 2.1. Coordinates of the territory approved by the LRV Resolution No. 697 

Territory point  no. (see 

Fig. 2.1)  

Coordinates 

according to the World Geodetic System 

1984 

(WGS�±84) 

according to the Lithuanian Coordinate 

System 1994 (LKS �±94) 

1 20°28,896`E 

56°1,060`N 

X-6214874,86; 

Y-280673,02 

2 20°30,137`E 

55°58,610`N 

X-6210266,97; 

Y-281731,59 

3 20°34,683`E 

55°55,962`N 

X-6205120,56; 

Y-286214,29 

Section between point 3 

and 4  

20°34,683`E 

55°55,962`N, 

then, based on the 29,500 m arch between 

21°02,476`E 

55°52,987`N 

and 

20°34,340`E 

55°51,466`N 

X-6205120,56; 

Y-286214,29, po 

then, based on the 29,500 m arch between 

X-6198268,02; 

Y-314907,19 

 and 

X-6196802,40; 

Y-285443,88 

4 20°34,340`E 

55°51,466`N 

X-6196802,40; 

Y-285443,88 

5 20°32,392`E 

55°51,392`N 

X-6196766,38; 

Y-283405,67 

6 20°29,505`E 

55°51,824`N 

X-6197719,01; 

Y-280435,73 

7 20°28,524`E 

55°54,253`N 

X-6202274,37; 

Y-279642,58 

8 20°20,403`E 

55°56,059`N 

X-6206062,21; 

Y-271362,10 

9 20°18,902`E 

55°56,793`N 

X-6207506,01; 

Y-269872,71 

 

2.1. Geographical and Administrative Situation on the Territory of the Proposed 

Economic 

Activity   

The PEA territory is situated in the Lithuania's Exclusive Economic Zone in the Baltic Sea, at depth of 

25 to 45 m isobaths. 

The PEA territory is distant from the shoreline and adjacent municipalities of Klaipǟda City, Klaipeda 

District, and Palanga. The shortest distance from the proposed territory to the town of Palanga is approx. 

29.5 km. 

The shortest distance from the proposed territory to the Latvian EEZ is about 2.8 km, to the Swedish 

EEZ ï about 77 km, and to the Russian EEZ ï about 40 km.  
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Fig. 2.1.1. Geographical and administrative situation on the PEA territory . 

 

2.2. Current Use of the Territory  

Lithuaniaós Exclusive Economic Zone and marine territory are used for shipping, commercial fishing; 

there are various engineering communication routes laid out, other economic activities carried out or 

planned (sand excavation, soil dumping, development of renewable energy, military operations, etc.). 

The Lithuanian seaside is popular as a recreational area and has a great potential for nautical tourism. 

Protected areas and European sites ñNatura 2000ò under expansion occupy a significant part of marine 

waters, i.e., the Curonian Spit National Park, the Seaside Regional Park, and the Baltic Sea 

Talasological Reserve.  

The PEA territory is outside the established international shipping routes. A distance from the PEA 

territory to the coastal areas used for recreational diving is approx. 18 km, and to the nearest beaches 

(of Palanga) is approx. 29.5 km. The existing offshore soil dumping sites are more than 17.6 km away 

from the PEA territory. 

The territory borders yet is outside the marked state-protected territories or the territories of habitat and 

bird protection of the European ecological network ñNatura 2000ò.  

The main activities that the PEA territory is currently used for are fishing, but due to the cod fishing 

restrictions, intensity of the fishing in the area is decreasing. 

Part of the PEA territory is within the potential danger zone at sea, i.e., former minefields. Part of the 

PEA territory is within the territories where design and construction of the WTs (high-rise structures) 

may be subject to restrictions in relation to national security.  
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More details on the current use of the proposed marine area and the neighbouring areas are available in 

Section 4 of the EIA Report discussing the impact of the PEA on individual components of the 

environment.  

2.3. References to Territorial Planning Documents, Strategic Plans and Programmes  

Comprehensive Plan of the Territory of the Republic of Lithuania4 

The solutions of the CPTRL (Clause 310) provide for the following importance: ñTo develop the 

installation of offshore wind farm and the electricity transmission network to connect the WT farm to 

the onshore grid.ò  

Section 3 of the CPTRL solutions ñResponsible Use of the Sea and the Coastlineò provide that for 

Lithuania to develop the competitive blue economy, the development of marine and sea-related 

activities is of special importance. 

Clause 551 of the CPTRL provides that the development of new offshore activities creates new 

experience and, thus, provides an advantage in the Baltic Sea Region (BSR) and an opportunity for its 

realization on an international scale. The installation and operation of the WT, the development of 

aquaculture, the use of the Earthôs interior resources, and the application of innovative inventions in the 

marine activities form new directions of economy. It is therefore necessary to support a cohesive 

development of activities and a consistent and stable growth of marine activities, by defining the 

strategic directions of blue economy, creating legal and administrative preconditions for the formation 

and installation of on-site facilities (ports, small ports, wharves), resource operating equipment, 

facilities and territories on the LR coast and marine territories. 

Clause 583 of the CPTRL provides that there are three priority territories proposed for the construction 

and installation of renewable energy facilities, i.e. in the territorial sea beside Palanga between the Baltic 

Sea Talasological Reserve and the shipping route where the installation of WT is subject to strict 

restrictions, in the 20ï50 m depth zone north to Klaipǟda (KlaipǟdaïVentspils Plateau) and further 

westwards in the Bank of Klaipǟda where there are no restrictions for the installation of WT. The 

priority of the first territory is the development of RES which does not violate the restrictions imposed 

on the territory (waves, loads, sun, etc.). All facilities in the territories specified must correspond with 

the national security and evironmental requirements. To reduce the visual impact of the WT on the 

marine landscape, construction of WT is possible outside the borders of the territorial sea (approx. 30 

km from the coastline). 

The area of interest is within RES priority zone of the valid CPTRL (Fig. 2.3.1) 

                                                      
4 Approved by the Resolution of the Government of the Republic of Lithuania no. 789 of 29 September 2021 "On Approval 

of the Comprehensive Plan of the Territory of the Republic of Lithuania.ò 
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Fig. 2.3.1. Layout of the PEA territory in relation to the scheme in the Comprehensive Plan of the 

Territory of the Republic of Lithuania  �³�5�H�V�S�R�Q�V�L�E�O�H���8�V�H���R�I���W�K�H���6�H�D���D�Q�G���W�K�H���&�R�D�V�W�O�L�Q�H�´. 

�(�Q�J�L�Q�H�H�U�L�Q�J���,�Q�I�U�D�V�W�U�X�F�W�X�U�H���'�H�Y�H�O�R�S�P�H�Q�W���3�O�D�Q���I�R�U���0�D�U�L�Q�H���$�U�H�D�V���R�I���/�L�W�K�X�D�Q�L�D�¶�V���7�H�U�U�L�W�R�U�L�D�O��Sea 

and/or the Exclusive Economic Zone of the Republic of Lithuania in the Baltic Sea, Designed for 

the Development of Renewable Energy 

Pursuant to the Order of the Minister of Energy of the Republic of Lithuania no. 1-253 of 17 August 

2020ñ On Commencing the Preparation of the Engineering Infrastructure Development Plan for Marine 

Territories of Lithuaniaôs Territorial Sea and/or the Exclusive Economic Zone of the Republic of 

Lithuania in the Baltic Sea, Designed for the Development of Renewable Energy, and on the Setting of 

the Planning Objectivesò and in view of the objectives to create conditions for energy production from 

wind power in the Baltic Sea and, thus, to increase a share of renewable energy sources in Lithuaniaós 

domestic energy production and total final energy consumption, the Engineering Infrastructure 

Development Plan for Marine Areas of Lithuaniaôs Territorial Sea and/or the Exclusive Economic Zone 

of the Republic of Lithuania in the Baltic sea, Designed for the Development of Renewable Energy 

(hereinafter referred to as the Development Plan) was prepared and approved by the Order of the 

Minister of Energy of the Republic of Lithuania no. 1-377 of 18 November 2022.  

The territory proposed in the concretised solutions of the Development Plan5, which is defined in the 

Comprehensive Plan of the Territory of the Republic of Lithuania as a potential territory for the 

development of renewable energy, is divided into separate areas where the development of the RES 

facilities will be carried out is stages. The PEA territory is marked in the Development Plan as the area 

under development in Phase I (Fig. 2.3.2).  

                                                      
5 The concretised solutions of the Engineering Infrastructure Development Plan for Marine Areas of Lithuaniaôs Territorial 

Sea and/or the Exclusive Economic Zone of the Republic of Lithuania in the Baltic sea, Designed for the Development of 

Renewable Energy. August 2022. Developed by: Ardynas, UAB. 2021-03-VP-KS.AR 
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Fig. 2.3.2. Layout of the PEA territory in relation to the solutions of the Development Plan. 

 

References to Strategic Plans and Programmes 

�x National Strategy for Sustainable Development6; 

�x National Environmental Protection Strategy7; 

�x National Energy Independence Strategy8 (hereinafter referred to as NEIS);  

�x National Strategy for Climate Change Management Policy9; 

The National Strategy for Sustainable Development provides for a more effective use of natural 

resources. One of principles, the Strategyôs implementation is based on, is the principle of substitution. 

Non-hazardous substances and renewable resources must replace hazardous substances and non- 

renewable resources. The wider use of renewable energy sources (wind, etc.) in energy and transport 

sector will make it possible to reduce the use of organic fossil fuel and the resulting air pollution, and 

to cut the amounts of greenhouse gases. 

One of the four priority areas of the environmental protection policy under the National Environmental 

Protection Strategy is sustainable use of natural resources. According to the Lithuanian environmental 

                                                      
6 Approved by Resolution of the Government of the Republic of Lithuania no. No. 1160 of 11 September 2003 ñOn Approval 

and Implementation of the National Strategy for Sustainable Development.ò  
7 Approved by Resolution of the Seimas of the Republic of Lithuania no. XII-1626 of 16 April 2015 ñOn Approval of the 

National Environmental Protection Strategy.ò  
8 Approved by Resolution of the Seimas of the Republic of Lithuania no. XI-2133 of 26 June 2018 ñOn Amendment of the 

Resolution of the Seimas of the Republic of Lithuania no. XI-2133 of 26 June 2012 óOn Approval of the National Energy 

Independence Strategyô.ò  
9 Approved by Resolution of the Seimas of the Republic of Lithuania no. XI-2375 of 6 November 2012 ñOn Approval of the 

National Strategy for Climate Change Management Policy.ñ  
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vision under the Strategy, in 2050, Lithuania will have renewable energy resources involved in all the 

sectors (energy, industry, transport, agriculture, etc.) of national economy. 

The National Energy Independence Strategy states that in 2016, RES accounted for about 25.5% of 

final 

energy consumption in Lithuania. In pursuit of the strategic RES target, the aim will be to increase the 

share of renewable energy sources in the total final energy consumption of the country to 30% by 2020, 

45% by 2030, and 80% by 2050. RES will become the main source of energy in electricity, heating and 

cooling, and transport sectors. 

The National Strategy for Climate Change Management Policy sets GHG emission reduction targets 

and implementing measures. The Strategy presents the vision of the climate change management policy 

until 2050: By 2050, Lithuania will have ensured adaptation of the sectors of the domestic economy to 

environmental changes caused by climate change and climate change mitigation (reduction of GHG 

emissions), developed competitive low-carbon economy, implemented eco-innovative technology, 

achieved energy generation and consumption efficiency and use of renewable energy sources in all 

sectors of the domestic economy, including energy, industry, transport, agriculture, etc. 

2.4. Analogous Activities Planned in the Adjacent Territories  

The PEA territory is on of the four activities approved by the Development Plan. It is therefore likely 

that soon the aim would be to develop other territories designed for the development of RES facilities 

proposed in the Development Plan as well. Moreover, on 4 April 2022 EPA has adopted a Decision no. 

(30.2)-A4E-3820 regarding the extension in validity of the environmental impact assessment of the 

possibilities of the installation and operation of the WT farm in Lithuaniaôs waters of the Baltic Sea in 

the marine territory adjacent to the WT farm proposed by AVEC, UAB (within the borders of the 

territory of the WT development as planned within the scope of the Development Plan).  

 

Fig. 2.4.1. Layout of the WT farm t erritory proposed by JSC AVEC.   
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3. TECHNICAL I NFORMATION FOR ALTERNATIVES TO BE DEVELOPED   

The EIA Report includes the consideration of two main alternatives: ózeroô alternative, i.e. without 

carrying out any activity, and project development alternatives, i.e. the offshore WT farm installed in 

Lithuaniaós marine territory.  

The PEA territory is provided for in the LRV Resolution No. 697 and territory planning documents (the 

Development Plan). The alternatives of the location for the offshore WT farm installation are therefore 

not analysed.  

The ózeroô alternative, or, inactivity, shows current circumstances and an environmental situation in the 

event of non-performance. In this case, changes in the environmental situation of Lithuaniaôs marine 

territory in the Baltic Sea would have no connection with the development of the PEA. 

Project development alternatives, as approved by the  the the LRV Resolution No 697. Offshore WT 

farm of up to 700 MW installed capacity installed and operated in the territory approved by. The 

developer could install the offshore WT farm of the capacity exceeding 700 MW, without violating the 

restrictions set in the EIA that influence the environmental impact, provided that this is permitted by 

the current legislation.  

Physical and technical characteristics of offshore WTs 

The EIA Report is developed in the early phase of the project implementation when the exact WT 

models proposed to be installed are not known.  

The technical specification for the preparation of the EIA stipulated that for the installation of the WE 

park in the initial evaluation stage, models of offshore wind power plants with a capacity of 8 MW to 

16 MW are currently offered on the market, and it is highly possible, that during the development of 

this offshore WE park project, WTs with a capacity of up to 20 MW or more will be available. The 

height of a marine WT of such power can be from 140 m to 300 m (but not limited to), respectively; 

depending on the power of the model, the number of such power plants in the planned territory can be 

tentatively from 87 to 43 VE (but not limited). In order to assess the possible maximum impact of the 

WE park on the environment and not to limit the possibilities of potential developers to choose one or 

another model in the future, the EIA is not performed for the WT models of a specific manufacturer, 

but by analyzing the generalized technical-physical parameters of the WT (Table 3.1.1). 

After evaluating the trends in the development of the most advanced technologies of marine VE, taking 

into account the technical solutions of existing WE parks in the Baltic and North Seas and evaluating 

the aspect of economic efficiency related to the implementation of advanced technologies, models of 

marine WT with a power of 20 MW or more should be analyzed at the EIA stage for the installation of 

the planned VE park. The total height of a marine VE of this power can reach up to 350 m. 

Table 3.1.1. Potential physical and technical characteristics of WTs examined in the EIA Report 

Characteristics Maximum values 

Preliminary capacity, MW 20+ 

Maximum number of WTs installed under the 

alternative  
Up to 90 

Maximum height up to the highest blade point 350 

Maximum rotor diameter 320 
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Principles of Laying out the Power Plants  

A principle of geometrical layout is used for the schematic placement of offshore WTs in the PEA 

territory based on the diameter of the WT rotor (D): 

- in wind direction 7ï10xD;  

- in the direction perpendicular to wind direction 4ï5xD;  

Taking into account solutions under the Development Plan and with a view of using the entire territory 

most efficiently, peripheral wind turbines are planned to be constructed at the cable protection zone 

(100 m)10 from the boundaries of the territory, by planning the entire power plant layout grid, 

accordingly.  

To assess the greatest possible impact of installation of offshore WT farm on various components of 

the environment and on public health, the EIA Report provides for the mandatory measures to mitigate 

the impact of the installation, operation and decommissioning of the WT farm. It also examines the 

maximum number (by the PEA area) of WTs calculated based on the geometrical layout method, i.e. 

90 WTs. WT locations and their number with be specified at the technical design phase on the basis of 

the methodology provided by the developer or one of the turbulent wake models, with regard to the 

selected (specified) WT model/s and technical parameters thereof. It is envisaged that the PEA 

developer will be able to choose the most suitable WT model and its capacity, WT layout, as well as 

the technical parameters of the offshore substations and their number, the technical parameters of the 

connection cables to the land network and their number.  

 

Fig. 3.1.1. Example of wind farm layout in the PEA territory . 

 

                                                      
10 https://e-seimas.lrs.lt/portal/legalAct/lt/TAD/TAIS.416425   
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Installation Solutions for the Offshore Transformer Substation  

A transformer substation (the óTSô) is designed to accumulate the power generated by the entire wind 

farm, to transform it, and to transmit electricity to grids. A TS is usually built in the centre of the 

generated power or in another location suitable for bringing medium and high voltage cable lines. Step-

up transformer substations in a WT farm do not occupy much11 space in the PEA territory: Dimensions 

of the TS foundation is similar to the one of the WT. 

The choice of substation location is influenced by such factors as:  


· Sea depth: construction is more cost efficient in shallower waters; 


· Lengths of medium-voltage cables and energy losses in them: most cost-efficient location 

for the substation is a centre of generating sources; 


· Proposed high-voltage connections with onshore and other wind farms; 


· Additional wind turbulence caused by a substation as a structure. 

Preliminary optional locations for transformer substations of the proposed offshore wind farm are 

proposed with regard to the solution alternatives of the Development Plan (Fig. 3.1.2).  

 

Fig. 3.1.2. Alternative locations of TS of the planned OWE farm according to solutions of the 

Development Plan.  

The technical design will specify the need for and the number of step-up (intermediate) transformer 

substations and the electrical network connection scheme. During the technical design phase, taking the 

above criteria into consideration, the proposed location of the TS may change. 

                                                      
11 https://www.nordseeone.com/engineering-construction/offshore-substation.html  
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4. EXPECTED IMPACT OF TH E PROPOSED ECONOMIC ACTIVITY . MEASURES TO PREVENT, 

REDUCE AND COMPENSATE FOR SIGNIFICANT AD VERSE EFFECTS ON THE ENVIRONMENT  

4.1. Water 

4.1.1. Hydrological and Hydrodynamic Conditions 

The PEA territory is in the south-east part of the Baltic Sea and the predominant hydrological and 

hydrodynamic conditions here are typical of the average common conditions of this part of the Baltic 

Sea. 

4.1.1.1. Waves.  

There are wind waves prevailing in the Baltic Sea, thus, a wave regime is identical to the wind regime.  

Nearshore, data of Klaipǟda and Palanga coastline stations are used to assess the wave regime. Based 

on long-term observations, it is obvious that waves in western direction prevail at the Lithuanian 

nearshore of the Baltic Sea. Below are the wave diagrams according to the results off five-year 

observations (2012ï2017) (Fig. 4.1.1). 

 

Fig. 4.1.1. Wave regime at the nearshore (as per data for 2012�±2017). 
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An annual average wave height at Lithuanian nearshore is about 0.7 m. 50% of wave heights are up to 

0.6 m high waves; 90% - up to 2 m high waves. High (over 5 m high) waves occur on average once in 

10 years (Kelpġaitǟ et al., 2011). The lowest waves are observed May to August; the highest waves 

(>2.5 m high) are often observed in cold seasons (October to February, especially in December) with 

the prevailing strong winds in the W-S-W and W directions determining extreme values of wind waves. 

Eastward waves are relatively low, only up to 0.5 high in most of the cases. Such wave regime is typical 

at 20ï25 isobath at the nearshore. Moreover, mixed waves, i.e. 2-3 m high waves and sway, are quite 

frequent.  

To characterise the open sea conditions, 2D digital modelling system MIKE 21 has been used for 

simulation of wave propagation. The NSW (Near-shore Spectral Wind-Wave Module) has been a model 

when simulating the parameters of wind-produced wave propagation at the Baltic Sea coast (MIKE, 

2002). The baseline data on the offshore wave model were retrieved from the ECMWF (European 

Centre for Medium-Range Weather Forecasts, www.ecmwf.int) wave model for the period 2016-2018 

(inclusive). The simulation results show that in open sea, similar to the coastline, the maximum waves 

are formed by the prevailing W winds, and the average high of prevailing SW-NE waves in the PEA 

territory can reach 0.8-0.9 m or more on the average. 

 

Fig. 4.1.2. Average wave height and direction (as per modelling data for 2016�±2018).  

According to the latest data, the data for the period of July to December of the meteorological 

observation systems (EOLOS FLS200, buoys E01 and E06) installed in 2022 revealed that the heighiest 

waves in the PEA area were observed during September-October (6.69 m max). To compare ï in 

summer the highest wave reached 3.77 m in July and 5,5 m in August. Defined, that biggest waves are 

characteristic to September-December period, and the smallest ï July-August (Table 4.1.1). In the 

summer the waves are generated by the Western, whereas in autumn ï SouthWestern and in December 

ï Southern winds (Fig. 4.1.3). 
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4.1.1 lentelǟ. MaksimaliȎ bangȎ reģimas antrŃ 2022 m pusmetǱ 

H(max), m July-

August 

Augist-

September 

September-

October 

October-

November 

November-

December 

Mean 1.01 1.64 1.98 1.74 1.58 

Max 3.77 5.29 6.69 5.51 6.65 

Min  0.09 0.14 0.17 0.28 0.14 

Standard deviation  0.81 1.04 1.07 0.95 1.30 

 

 

Fig. 4.1.3. Significant wave (Hs) roses for summer (on the left), autumn (in the center) and December (on 

the right) (after Eolos, 2022 m. E01 buoy data). 

4.1.1.2. Currents 

Lithuaniaós territorial waters have a basic cyclonic direction of currents in the Baltic Sea (counter-

clockwise) (Ģaromskis, 1996), which forms prevailing flows of water masses along the coast from south 

to north. The interaction between atmospheric processes and inert water mass forms a complex structure 

of surface and deep currents. Varying seasonal activity of atmospheric processes above the Baltic Sea 

is reflected in the annual change of current rates. The lowest current rates are observed in the spring-

summer season, the highest ï in autumn-winter. Moreover, the speed of wind-induced currents is 

decreasing in greater depths. 

At the sea surface, in the 0-10 m thick layer, there are weak and medium currents prevailing, with a 

speed normally not exceeding 0.20 m/s (Ģaromskis, Pupienis, 2003). The marine area between the coast 

and 35 m isobath has northward currents. Currents are directed toward the south far less often, toward 

the south-west ï least often. To the north of Klaipǟda, the current direction (relatively constant 

northward direction of the current) is also determined by the freshwater flowing from Curonian Lagoon. 

The 35-45 m deep area away from the shore is predominated by south-west, south, and west currents. 

Even further, i.e., beyond the 45 m isobath, currents are directed toward the east and north-east.  

In the intermediate water layer (10-30 m), there are various current regimes formed. The water area of 

up to 35 m depth, like in the surface layer, mostly has northward currents. Less frequently, currents are 

directed south- and westward. Beyond the 45 m isobath, there are north and north-east currents 

prevailing. In the intermediate water layer, current speed is 0.11 to 0.14 m/s.  

Weak, 0.07-0.09 m/s rate currents normally prevail in the bottom layer. The water area to 35 m isobath 

mostly has north-west and south-east currents, in 35 to 45 m isobath ï north-west, west, and south-west 

currents, and beyond 45 m ï north currents (Ģaromskis, Pupienis, 2003).  

Simulation of average current rates (m/s) and directions (degrees) for different seasons (spring, summer, 

autumn, winter) (SMHI BALTICSEA_REANALYSIS_PHY_003_011 2012-2016) shows that weak 

surface and bottom currents prevail in the open sea, with the speed averaging 3-5 cm/s in the surface 

layer and 1-3 cm/s in the bottom one (Fig. 4.1.4ï4.1.5.). 
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Fig. 4.1.4. Average current rate and direction in the surface layer (as per data of 2012-2016, SMHI, Sweden). 
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Fig. 4.1.5. Average current rate and direction in the bottom layer (as per data of 2012�±2016, SMHI, Sweden). 
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According to the latest data, the data for the period of July to December of the meteorological 

observation systems (EOLOS FLS200, buoys E01 and E06) installed in 2022 revealed that the current 

speeds in the PEA area at the surface (4.5 m depth) during summer were the strongest (up to 0.28 m/s). 

In autumn the speed reached 0.16 m/s only (Table 4.1.2). It is obvious, that the surface currens are 

similar in the entire area ï i.e. current speed  in the Northern (buoy E01) and Southern (buoy E06) part 

of the area reached the similar values. 

Table 4.1.2. Surface (at 4.5 m depth) currents in second half of the year 2022. 

Currents, m/s July-

August 

Augist-

September 

September-

October 

October-

November 

November-

December 

Mean 0.09 0.08 0.06 0.04 0.04 

Max 0.28 0.25 0.18 0.16 0.22 

Min  0 0 0 0 0 

Standard deviation  0.06 0.04 0.03 0.02 0.03 

In contrast, current regime near the sea bottom do varies. The strongest currents have been observed in 

the Souther part (buoy E06), where the sea bottom starts to slope into the Gdansk deep (Table 4.1.3). 

Differently to surface regime, the stringest currents were observed in December and reached up to 1.21 

m/s. In the summer ï in opposite, currents were the weakest and reached up to 0.40 m/s only. 

Table 4.1.3. Nearbottom (at 36 m depth) currents in second half of the year 2022. 

Currents, m/s July-

August 

Augist-

September 

September-

October 

October-

November 

November-

December 

Mean 0.09 0.11 0.12 0.16 0.19 

Max 0.40 0.57 0.69 0.90 1.21 

Min  0 0 0 0 0 

Standard deviation  0.05 0.07 0.08 0.13 0.16 

The direction of the currents does not show any regular pattern and is often varying (Fig. 4.1.6 - 4.1.8)  

 

 

 

Fig. 4.1.6. Prevailing surface current directions in the summer (on the left), autumn (in the center) and in 

December (on the right) (according Eolos, 2022 data).  
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Fig. 4.1.7. Prevailing nearbottom (31.6 m depth) current directions in the Northern part of the area in 

summer (on the left), autumn (in the center) and in December (on the right) (according Eolos, 2022 data).  

 

 

Fig. 4.1.8. Prevailing nearbottom (36 m depth) current directions in the Southern part of the area in 

summer (on the left), autumn (in the center) and in December (on the right) (according Eolos, 2022 data).   

 

4.1.1.3. Temperature, salinity, and water clarity 

Lithuania's marine area in the Baltic Sea is relatively shallow, as a result, thermal regime of the water 

responds to seasonal fluctuations of climate conditions very quickly (Dailidienǟ et al., 2011). Minimum 

water temperatures are reached in February (to -0.5°C), and maximum ï in July-August (to 28.2°C). 

In any single year, the coastal area, territorial waters of the Baltic Sea, and the open sea have specific 

horizontal distribution of water temperature and certain vertical stratification of water related to 

temperature gradients. In all seasons, at the sea surface up to a depth of 10 m, there is a homo-thermal 

layer of convective and turbulent mixing formed. Seasonal thermocline (a layer of rapid temperature 

drop) develops in summer at the depth range of 10-40 m; the water temperature gradient in this layer is 

0.5 - 1.0 °C/m. The thermocline separates a surface, warm mass of water from the intermediate cold 

layer. Meanwhile, the difference between water temperature in coastal areas and in deep-water areas 

may reach 15 or more degrees. In a halocline area and deeper, temperature fluctuations are minor 

throughout the year.  

In autumn, waters of the open sea thermally mixed down to permanent halocline at the depth of 40 m 

(Vyġniauskas, 2003). At this time, not only intense convective mixing takes place, but stronger winds 

and higher waves are observed, too. In a halocline area and deeper, temperature fluctuations are minor 

throughout the year (Dailidienǟ et al., 2011). 
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Variations of salinity in the south-eastern Baltic Sea, in Lithuania's marine area, depend on the inflow 

of fresh waters from rivers, as well as on the variations of salinity in the central Baltic Sea. In Lithuaniaós 

water area, average water salinity is about 7 ă. The western part of the Lithuanian EEZ belongs to the 

central Baltic Sea which has a two-layer structure of water. In the upper layer (at the depth of 0 m to 

approx. 60 m), salinity is 6ï8 ă. This layer is isolated from the saltier deeper layer by a permanent 

halocline. In the central Baltic Sea, a halocline borders at a depth of 64-90 m, its centre is at a depth of 

74 m; salinity of this layer rapidly jumps from 7.7 to 10.4 ă (Matthªus, 1990). At greater depths, 

isolated with a halocline, oxygen saturation of the water decreases. In the bottom layer, there is oxygen 

deficiency observed and a hydrogen sulphide zone formed.  

In coastal areas and in the shallow open sea, clear and permanent stratifications do not develop due to 

salinity; a homogeneous well-mixed water mass prevails up to a depth of 55-60 m (Dailidienǟ et al., 

2011).  

Based on the measurement data of the EPA Department of Environmental Research for the period of 

2012ï2017, the Baltic Sea shows regular variations in horizontal and vertical salinity. Surface layer 

salinity increases as moving away from Klaipǟda strait into the open sea. In transitional water, salinity 

varies between 2.36 and 7.48 ă. Meanwhile, variations in the open sea show a marked minimum with 

salinity ranging between 6.5 and 7.4 ă. The increase in salinity is also observed in vertical direction, 

i.e. the maximum salinity value at the seabed layer was registered at 12.85 ă, while salinity value at 

the surface was approx. 7 ă. The maximum salinity variations are observed down to a halocline (60ï

80 m) with a more homogenous water layer below. 

Based on the EPA monitoring data for the period of 2012ï2017, water clarity of the coastline waters 

amounts to 3.8 m (between 1.5 m and 9.5 m) on the average, in the territorial seal the clarity increases 

up to 6.1 m (maximum clarity values reach up to 12 m), and in the open sea the average clarity value 

reaches 7 m. 

Based on the latest hydrological studies carried out in the PEA territory in May 2021 (Fig. 4.1.9.), it 

was established that the highest current speeds reaching 0.8ï1 m/s are typical for the southern and 

northern parts of the territory (measurement stations VP1, VP2 ir VP7), where the maximum speed 

values were registered at the depth of 5ï12 m. Quite strong current were also registered at the 

measurement station VP8, where the speeds reached 0.7ï0.8 m/s. The current speeds show a typical 

high degree of distribution, although the currents in the west and north-west directions are prevailing in 

the major part of the measurement stations. Fluctuation of other parameters at different measurement 

stations is very similar. Water temperature reaches 8ï9 °C down to the depth of 20 m and further shows 

a gradual decrease down to 4 °C as the layers get deeper. The temperature fluctuation gradient coincides 

with dissolved oxygen concentration in the sea water. Vertical variations of hydrological parameters, 

i.e. current speed and direction, temperature, salinity, in different study sites, are presented in profiles 

available in Annex 5.  
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Fig. 4.1.9.  Sites of hydrological and hydro-chemical measurements. 

4.1.1.4. Ice cover 

No permanent ice cover is formed in the Lithuanian area of the Baltic Sea. In normal and 

severe winters, a shore ice belt, from a few metres to a few kilometres wide, is formed in coastal areas. 

It usually consists of piled ice rocks, brought to the shore by wind and water currents which stays stable 

only in calm and cold weather. Ice cover develops up to 1.5 km from the shore. Drifting ice sheets, up 

to 10 cm thick, cause ice jams at a distance of up to 7 km from the shore. Due to climate change and, 

thus, milder winters, there are fewer days of ice phenomena in the Baltic Sea observed. In the Lithuanian 

coastline, an average duration of ice phenomena decreased by approx. 50 percent during the period of 

1961-2009 (Dailidienǟ et al., 2011).  

4.1.2. Hydrochemical Status and Water Quality  

In Lithuania, the ecological and chemical status of the Baltic Sea is constantly controlled through the 

state environmental monitoring of the Curonian Lagoon and the Baltic Sea. Chemical status is 
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determined for transitional waters, coastal waters, marine area, and exclusive economic zone by 

assigning the status with one of the two quality grades: good or below good. Good chemical status of a 

surface water body means that no concentrations of substances listed in Annex 1 and Annex 2, Parts A 

and B (List B1) of the Wastewater Management Regulation exceed an annual average value of the 

Environmental Quality Standards (AA-EQS)) and/or a maximum allowable concentration (MAC-EQS) 

and/or the biota EQS12. Should the concentration of at least one substance is found to be exceeded, the 

status of a water body is considered below the good status.  

Chemical status of Lithuanian waters of the Baltic Sea in regards of concentration limits for polluting 

substances in the bottom sediments are determined in accordance with the Order of the Minister of 

Environment of the Republic of Lithuania no. D1-194 of 4 March 2015 ñOn Approval of the 

Requirements for Determining the Characteristics of the Good Environmental Status of the Lithuanian 

Marine Area.ò13 

According to the data of environmental monitoring and natural observations carried out in the period of 

2014ï2019, chemical status of waters and bottom sediments near the PEA territory (according to the 

data of the monitoring station No. 65) was good without exceeding the limit values established by the 

Order of the Minister of Environment of the Republic of Lithuania no. D1-194 of 4 March 2015 ñOn 

Approval of the Requirements for Determining the Characteristics of the Good Environmental Status 

of the Lithuanian Marine Areaò, i.e. corresponded with the good environmental status (Fig. 4.1.10). 

 

Fig. 4.1.10. Generalised data of chemical status assessment of the environmental monitoring of the Baltic 

Sea and the Curonian Lagoon for the period 2014-2019. 

Based on the latest hydrological studies carried out in the PEA territory in May 2021 (Fig. 4.1.10.) and 

the analysis of concentration of pollutants in the sea waters, it was established that the actual values of 

                                                      
12 Order of the Minister of Environment of the Republic of Lithuania no. D1-236 of 17 May 2006 ñOn Approval of 

theWastewater Management Regulation.ò 
13 Order of the Minister of Environment of the Republic of Lithuania no. D1-194 of 4 March 2015 ñOn Approval of the 

Requirements for Determining the Characteristics of the Good Environmental Status of the Lithuanian Marine Area.ò 
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metals are mostly lower than the quantitation limit (Table 4.1.4), i.e. they do not exceed the allowed 

limits. 

Table 4.1.4. Results of heavy metal analysis in the water (Vandens tyrimai, UAB, research protocol No. 

220513GC039) 

Sample No. 

Metals, µg/l 

As Cd Cr  Cu Ni Pb V Zn Hg 

VP1_1 Surface 4.2 <0.3 <1 2,4 <2 <1 <20 <40 <0.1 

VP1_2 Seabed 3.1 <0.3 <1 1,4 <2 <1 <20 <40 <0.1 

VP3_1 Surface 2.7 <0.3 <1 <1 <2 <1 <20 <40 <0.1 

VP3_2 Seabed 2.6 <0.3 <1 1,9 <2 <1 <20 <40 <0.1 

VP4_1 Surface 2.1 <0.3 <1 <1 <2 <1 <20 <40 <0.1 

VP4_2 Seabed 2.4 <0.3 <1 <1 <2 <1 <20 <40 <0.1 

VP8_1 Surface 2.1 <0.3 <1 <1 <2 <1 <20 <40 <0.1 

VP8_2 Seabed 2.2 <0.3 <1 <1 <2 <1 <20 <40 <0.1 

VP10_1 Surface 2.3 <03 <1 <1 <2 <1 <20 <40 <0.1 

VP10_2 Seabed 1.8 <0.3 <1 <1 <2 <1 <20 <40 <0.1 

 AA-EQS *  - 0.2  -  - 8.6 1.3 -  -  - 

 MAC -EQS**  -  - 10 10 34 14 - 100 0.07 
* annual average value of the Environmental Quality Standards (AA-EQS); 

** maximum allowable concentration of the Environmental Quality Standards (MAC-EQS). 

The analysis of concentration of oil hydrocarbons in the water allows for a partial assessment of 

anthropogenic activities related to the transportation of oil and oil products, intensive shipping, and 

illegal discharge of oil waters in the open sea.  

Polyaromatic hydrocarbons (PAH) is the most dangerous oil component, which remains in the water 

for a long time and accumulates in seabed sediments and living organisms. PAH is a range of 

compounds, starting with naphthalene ending with coronene. The most toxic PAH are anthracene, 

fluorene, naphthalene, and phenanthrene. PAH compounds with high molecular weight, e.g.  

benzo[a]pyrene, are cancerogenic. 

Analysis of concentrations of oil products (C10ïC40) in the waters of the proposed wind farm area 

showed no traces of significant pollution. Maximum allowable concentration (MAC) of oil 

hydrocarbons, i.e. 200 µg/l, was exceeded insignificantly (210 µg/l) in the only site of research (VP8, 

Fig. 4.1.9), in the layer of surface waters. In other sites of research, hydrocarbon concentrations were 

lower than the quantitation limit (Table 4.1.5). Such random local increase in oil hydrocarbon 

concentrations is likely to be conditioned by a more intensive shipping in the mentioned area of 

research. 

Analysis of concentrations of individual PAH compounds in the sea waters showed no significant 

pollution, as well. Concentrations of the priority (fluoranthene, naphthalene) PAH in all sites were lower 

than the quantitation limit. The same is valid for the concentration distribution of the priority dangerous 

PAH, i.e. benzo[a]pyrene, benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[g,h,i]perylene, 

indeno[1,2,3-cd]pyrene, anthracene. 

Water samples for the pollution studies were taken in May 2022 using a Hydrobios batometer at five 

measurement stations (VP1, VP3, VP4, VP8, VP10) from two horizons: surface (at the depth of approx. 

0.5 m) and seabed (approx. 0.5 m from the seabed surface). The pollutants (oil products C10-C40, 

polyaromatic hydrocarbons, heavy metals As, Cd, Cr, Cu, Ni, Pb, V, Zn, Hg) were determined in the 

certified laboratory of Vandens tyrimai, UAB (as per LST EN ISO/IEC 17025:2018). 

Vertical variations of hydro-chemical parameters, i.e. pH, dissolved oxygen, suspended solids, in 

different study sites, are presented in profiles available in Annex 5.  
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Table 4.1.5. Results of analysis of oil products (C10ïC40) and polyaromatic hydrocarbons in the water (Vandens tyrimai, UAB, research protocol No. 

220513GC039) 

Sample No. Oil, µg/l 

PAH, µg/l 

NFT ACNFT FLR FEN ANT FRT PIR BZA CHRZ BZB BZK BENZA DBAH BENZGHI IND123 

VP1_1 <100 <0.005 <0.005 <0.005 <0.005 <0.002 <0.005 <0.010 <0.005 <0.005 <0.002 <0.002 <0.002 <0.005 <0.005 <0.005 

VP1_2 <100 <0.005 <0.005 <0.005 0.026 <0.002 <0.005 <0.010 <0.005 <0.005 <0.002 <0.002 <0.002 <0.005 <0.005 <0.005 

VP3_1 <100 <0.005 <0.005 <0.005 <0.005 <0.002 <0.005 <0.010 <0.005 <0.005 <0.002 <0.002 <0.002 <0.005 <0.005 <0.005 

VP3_2 <100 <0.005 <0.005 <0.005 0.041 <0.002 <0.005 <0.010 <0.005 <0.005 <0.002 <0.002 <0.002 <0.005 <0.005 <0.005 

VP4_1 <100 <0005 <0.005 <0.005 <0.005 <0.002 <0.005 <0.010 <0.005 <0.005 <0.002 <0.002 <0.002 <0.005 <0.005 <0.005 

VP4_2 <100 <0.005 <0.005 <0.005 <0.005 <0.002 <0.005 <0.010 <0.005 <0.005 <0.002 <0.002 <0.002 <0.005 <0.005 <0.005 

VP8_1 210 <0.005 <0.005 <0.005 <0.005 <0.002 <0.005 <0.010 <0.005 <0.005 <0.002 <0.002 <0.002 <0.005 <0.005 <0.005 

VP8_2 100 <0005 <0.005 <0.005 <0.005 <0.002 <0.005 <0.010 <0.005 <0.005 <0.002 <0.002 <0.002 <0.005 <0.005 <0.005 

VP10_1 <100 <0.005 <0.005 <0.005 <0.005 <0.002 <0.005 <0.010 <0.005 <0.005 <0.002 <0.002 <0.002 <0.005 <0.005 <0.005 

VP10_2 <100 <0.005 <0.005 <0.005 0.024 <0.002 <0.005 <0.010 <0.005 <0.005 <0.002 <0.002 <0.002 <0.005 <0.005 <0.005 

AA-EQS *   - 2  -  - - 0.1 0.0063 - - -  -  - 0.00017 -  -  - 

MAC -EQS**  200 130 - - - 0.1 0.12 - - - 0.017 0.017 0.027 - 0.00082  - 

 

Abbreviation: NFT ï naphthalene; ACNFT ï acenaphthene; FLR ï fluorene; FEN ï phenanthrene; ANT ï anthracene; FRT ï fluoranthene; PIR ï pyrene; BZA ï benz[a]anthracene; CHRZ ï 

chrizene; BZB ï benzo[b]fluoranthene; BZK - benzo[k]fluoranthene; BENZA - benzo[a]pyrene; DBAH ï dibenzo[a,h]anthracene; BENZGHI - benzo[g,h,i]perylene; IND123 - indeno[1,2,3-

cd]pyrene. 

* annual average value of the Environmental Quality Standards (AA-EQS); 

** maximum allowable concentration of the Environmental Quality Standards (MAC-EQS). 
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4.1.3. Potential Impact on Water 

4.1.3.1. Potential consequence on hydrodynamic status due to wind energy farm installation  

The impact of WT farm installation on hydrodynamic status will largely depend on the method of the 

proposed anchoring of the wind turbines to the seabed and the size of the foundations. Mono-pile structures 

with foundation diameter reaching 10ï12 m and turbine towers more than 1000 meters away from each 

other typically have no significant impact on changes in water current regime. Small distances between the 

turbine towers can cause a so-called ócascade effectô and condition the formation of downstream whirls, 

which would ensure a more intense mixing of water masses. For comparison, the studies carried out in the 

WT farm installed in Denmark revealed that in 72 WT farm, where diameter of each turbine foundation is 

up to 5 meter and the turbines are 480 meters away from each, the impact on water current dynamics is 

insignificant (<10ï15 %) (SEAS, 2000).  

The 2002 study conducted by the United Kingdom scientists (Cooper et al., 2002) has assessed the potential 

impacts of offshore WTs on the coastal area processes with an special focus on the scale of changes in 

waves, current and sediment regime and its further impact on the general silt flow. The assessment was 

carried out using different scenarios, i.e. óbestô, óworst acceptableô and ótypicalô using computer models. 

The generalised results of the simulation of all the scenarios allowed for a conclusion that the impact of 

WTs on waves, currents and sediment transportation is insignificant: The wave speed after colliding with 

the wind turbines reduces by one percent, while the direction alters by approx. 0.5°, and the wave height 

reduces by approx. 0.5ï1.5 %. The results of simulation of WT impact on wave regime carried out in 2009 

in the Yangtze estuary and the Hangzhou Bay revealed that fluctuations of wave amplitudes could reach up 

to 1 mm or 0.3% (Zhang, et al., 2009). The study also allowed stating that impact of offshore WT on 

changes in currents is subject to the number of piles, distance between the piles and angle between the 

prevailing current and WT farm location. 

The 2010 analysis (simulation) of 0.1 m/s current changes around one pile established that the current speed 

by the pile sides has increased by approx. 0.1 m/s, whereas the current speed registered at the downwind 

part reduced down to 0.01ï0.025 m/s (Ahrendt, Schmidt, 2010). The study above also included the 

simulation of current changes around 144 WT mono-pile structures at 0.128 m/s background current. The 

generalised study results allowed stating that the total current speed in the farm territory reduced by approx. 

3 %.  

4.1.3.2. Potential consequence on water quality due to changes in turbidity 

Installation of WT foundations and submarine cable laying would affect the temporary increase in the 

number of suspended particles (turbidity) in the water column of the proposed farm territory during 

construction. For comparison, US experts have assessed the environmental impact of 130 offshore WT arm 

proposed in the Horseshoe shallows of the Nantucket Strait, Massachusetts (USA) and found that the water 

turbidity could increase in about 0.1 ha territory around each pile installed during the foundation installation 

(Cape wind energy project, Draft Environmental Impact Statement, 2008). Installation of offshore WT farm 

in the Belgium-owned Northern Sea area revealed that the foundation installation caused no significant 

changes in turbidity and increase in the number of suspended particles in the water column compared to 

natural conditions in the part of the Northern Sea mentioned (Eynde et al., 2010). 

4.1.3.3. Potential consequence on sea water quality and good environmental status 

Under normal working conditions, WT farm operation would have no impact on sea water quality. A 

potential additional water pollution with chemicals is typical related to an accidental collision of tankers 

and WT, in unfriendly weather conditions, or in case of a vessel breakdown. In such a care, most of the 

problems would be caused by oil spillage into the marine environment from the tanker wrecked. The PEA 

territory is outside the shipping routes, roadsteads, anchorage sites. The risk of collision is thus relatively 

low.  

Smaller-scale pollution of marine environment with synthetic compounds is also possible due to spillage 

of hydraulic liquids and lubricating oil from the systems operating in the WT nacelle (Bonar et al., 2015). 
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Total amount of oil in each turbine can reach 200 to 1400 litres subject to size of the turbine 

(https://energyfactor.exxonmobil.eu/). There is not enough scientific data on accidental spillage of 

chemicals from offshore WTs. It is however supposed that the amounts are very small compared with the 

operation of offshore oil extraction plant (Kirchgeorg et al., 2018). 

Modern WTs design is such that it reduces the possibility of potential spillage of potentially dangerous 

chemicals to the minimum. Depending of the WT model, corresponding reservoirs are installed under 

nacelles to collect hydraulic liquids and lubricating oil to prevent the pollution of marine environment in 

case of unscheduled spillage due to turbine breakdown. The risk of spillage is also reduced by ensuring the 

watertight integrity of WT systems (Bonar et al., 2015). 

During the installation of WT (cable laying, installation of foundation), secondary water pollution with 

chemicals such as heavy metals and organic compounds is possible due to moving the seabed sediments. 

According to the data of the state environmental monitoring and natural observation, the sediments 

accumulating in the territory of the proposed farm show no significant chemical pollution and the secondary 

water pollution is thus not expected.  
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Table 4.1.6 Summary table for impact on water 

Component Phase Impact Nature Scale Duration Significance Measures Notes 

Water 

quality 

 

 

 

 

 

 

Design 

Increase in 

turbidity 

Direct. Increase in 

suspended particles in 

the water column at 

the site of installation 

of foundation 

structures and cable 

trenches. 

Local in the 

site of WT 

tower 

installation 

During 

construction 

only 

Insignificant Not applied  

Secondary 

water 

pollution with 

chemicals in 

seabed 

sediments 

Direct. Secondary 

pollution at the sites 

of polluted seabed 

sediments. 

Local in the 

site of WT 

tower 

installation 

During 

construction 

only 

Insignificant Not applied 

According to the data of 

the state environmental 

monitoring and natural 

observation, the 

sediments accumulating 

in the territory of the 

proposed farm show no 

significant chemical 

pollution  

Operation and 

maintenance 
No impact on water quality under normal working conditions Insignificant Not applied 

 

Decommissioning 

 

 

 

Increase in 

turbidity 

Direct. Increase in 

suspended particles in 

the water column at 

the site of installation 

of foundation 

structures and cable 

trenches. 

Local in the 

site of WT 

tower 

disassembly 

During 

dismantling 

only, if the WT 

tower 

foundation is to 

be dismantled 

Insignificant Not applied  

Secondary 

water 

pollution with 

Direct. Secondary 

pollution at the sites 

Local in the 

site of WT 

During 

dismantling 

only, if the WT 

Insignificant Not applied 

According to the data of 

the state environmental 

monitoring and natural 
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chemicals in 

seabed 

sediments 

of polluted seabed 

sediments. 

tower 

disassembly 

tower 

foundation is to 

be dismantled 

observation, the 

sediments accumulating 

in the territory of the 

proposed farm show no 

significant chemical 

pollution  

 

 

 

 

 

 

Hydrodynamic 

status 

Design 

Changes in 

current 

direction and 

speed  

Direct. Local change 

in hydrodynamic 

regime due to objects 

emerging in the water. 

Local in the 

site of WT 

tower 

installation 

During 

construction 
Insignificant Not applied  

Operation and 

maintenance 

Changes in 

current 

direction and 

speed 

Direct. Change in 

hydrodynamic regime 

in the wind farm 

territory due to 

objects emerging in 

the water.   

Local. In the 

territory of 

WT farm 

Short-term, 

more intensive 

at the start of 

activity, 

stabilizing later 

on  

Insignificant 

Selection of 

a proper 

distance 

between the 

wind towers  

 

Decommissioning 

Changes in 

current 

direction and 

speed 

Direct. Local change 

in hydrodynamic 

regime due to objects 

emerging in the water. 

Local. In the 

territory of 

WT farm 

Short-term, 

more intensive 

at the start of 

activity, 

stabilizing later 

on 

Insignificant Not applied  

                       ï Insignificant impact (consideration is optional, measures not applied). 
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4.1.4. Impact Mitigat ion Measures  

In the case under study, the distance between the WTs should reach about and over 1 km, so the impact on 

hydrodynamic status will the insignificant and the additional measures would thus be counter-productive. 

Since the WT farm territory is proposed at the depth of more than 30 m, it is likely that mono-pile or jacket 

foundations will be used for the installation as their impact on hydrodynamic environment is insignificant 

considering that those will be installed away from the coastline in a stable geological site, i.e. on a solid 

moraine bed rather than on mobile sandy one. Moreover, the conducted researched have established that 

the generation of washouts is typical for mono-pile structures and in sandy coastline area only. The 

generation intensity is the greatest at the initial stage of wind turbine operation, gradually reducing later on 

until reaching the maximum depth possible. To avoid washouts, soil reinforcement gravel (or other) 

flooring are installed near the foundation; however, solid bed subsurface rocks are prevailing in the PEA 

territory. The intensive washout of the foundation (and the application of impact mitigation measures) is 

hardly probable or very insignificant.  

The increase in turbidity would take place only in sites of foundation installation cable laying; its impact 

therefore should be qualified as local (seabed layer) and temporary (during installation only), with no 

significant long-term impact on hydro-chemical water parameters and consequences for the Baltic Sea 

water quality. The distance from the site of the proposed activities to the nearest recreational areas and 

beaches of Palanga Municipality is approx. 29.5 km. The significant impact of the installation of operation 

of the proposed wind far on Palanga coastline will thus be avoided. Application of additional measures is 

counter-productive. 

Although the WT farm territory under consideration is outside the existing roadsteads and anchorage sites, 

it however borders the existing shipping route. It is therefore necessary to assess the risk of collision with 

the passing ships (see Section 4.9, Risk Analysis and Assessment). 

To select the due technological solutions of the WT farm development and assess the impact on the 

proposed WT structures on hydrodynamic environment, current measurements are carried out at the 

approaches to the proposed farm (two meteorological station FLS200, E01 and E06 installed by EOLOS). 

The monitoring of the current regime is also recommended after construction is completed.  

During installation of the WT farm, a local and temporary impact on water quality and additional water 

pollution with chemicals (heavy metals, oil hydrocarbons, polyaromatic hydrocarbons) is possible due to 

intensified shipping. To assess whether the pollutant concentration corresponds with the values of the good 

environmental status, it is reasonable to make the pollutant research as part of the environmental monitoring 

programme and schedule the research prior to construction (background concentration), during construction 

(installation of foundation, cable laying) and after construction is completed (3 to 6 months after 

completion). To reduce or avoid the spillage of heave metals into the water, corrosion control methods with 

increased eco-friendly parameters should be used during construction and operation of WT farms.  
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4.2. Ambient air and climate 

Weather peculiarities, wave conditions, current regime and changes in water level are essential for selection 

of electrical structures. By the seaside, the most common winds are western rhumbs, i. e. NWï WïSW. 

The main meteorological factor determining favourable conditions for wind energy development in the sea 

is wind intensity. Based on the summarized data, wind speed in the sea (Lithuanian EEZ) intensifies as it 

moves away from the shore and changes from 7 to 10 m/s. 

Despite the fact that PEA are neutral for possible air pollution, construction machinery and vessels working 

in the territory at the time of WPP installation, service and liquidation become concentrated sources of 

environmental air pollution. 

The use of RER is highly favoured in the context of impact on climate as it has extremely positive impact 

on reducing negative climate changes. The wind energy is one of the renewable energy forms which reduces 

the use of fossil fuels, reduces emissions of CO2 and other substances into the ambient air. The use of wind 

energy plays a major role in the fight against climate change by reducing greenhouse gas emissions from 

the energy sector. The PEA implementation is expected to have an indirect positive impact on climate. 

4.2.1. Climatic conditions 

Hydrometeorological conditions of the Baltic Sea roughly meets the general conditions of the central part 

of the sea in the Lithuanian economic zone. The aggregated data on characteristic climatic conditions in 

Klaipǟda region is provided in table 4.2.1. The data is based on average multiannual data collected by the 

Klaipǟda Marine Meteorological Station and the observational data collected by the Lithuanian 

Hydrometeorological Service. 

Table 4.2.1. Climatic conditions 

Indicator M o n t h s Yearly  

01 02 03 04 05 06 07 08 09 10 11 12 

Air T, °C  

average -2.1 -2.5 0.3 5.4 10.8 14.4 17.1 17.2 13.5 8.8 3.7 0.3 7.3 

maximum 8.7 15.4 17.1 27.0 30.4 34.0 34.0 34.0 30.4 22.2 15.4 10.3 34.0 

minimum -32.0 -33.4 -20.8 -12.8 -4.0 -0.7 4.9 2.9 -2.1 -9.1 -14.4 -24.2 -33.4 

Precipitation, mm  

average quantity 55 37 40 35 40 57 68 81 83 84 87 68 735 

Maximum daily 

precipitation  

27 15 20 28 24 54 74 48 35 42 33 21 74 

Fog  

average duration, h. 24 27 41 44 33 20 9 6 10 19 20 31 284 

Wind  

Predominant direction SE SE SE NW NW NW W W W SE SE SE SE 

Average speed, m/s 5.7 5.1 4.8 4.3 4.0 4.1 4.4 4.4 5,1 5.6 6.2 6.0 4.8 

Maximum speed in gusts, 

m/s 

34 30 28 26 24 25 34 28 30 40 36 38 40 

Number of days when WÓ14 

m/s 

12.0 5.0 5.7 2.4 0.6 1.5 2.6 3.9 8.2 10.5 9.0 11.3 73 

Average number of storms 3.9 2.1 1.9 2.1 0.8 1.0 1.4 2.4 3.0 3.2 3.6 3.8 29 

Predominant direction in 

stormy winds 

SW SW SW NW W W SW W W SW SW SW SW 

The percentage distribution of various wind speed gradations over the years is presented in table 4.2.2. The 

data available for the long term (1999ï2007) reveals possible patterns in wind strength. Light winds (2-3 

m/s) have a tendency to decrease in the total sample of all winds as it constitutes only about 10% of all 

fixed winds, while the multiannual statistics showed that light winds constitute about 15% over the 
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multiannual period. However, winds of 6ī7 m/s speed are more frequently observed and comprises about 

27% (multiannual statistics showed about 21%). Besides, extreme winds (storms) are becoming more 

frequent. Among them is storm Erwin of 2005 which had a maximum wind speed of 28 m/s, while average 

wind speed was 8ï18 m/s during the period of 33 h. At the time of storm Pero, which occurred on 14ï15 

January 2007, wind speed during gusts reached 29 m/s, while at the time of storm Kirill (which occurred 

on 21 January of the same year), it reached 21 m/s. 

Table 4.2.2. The recurrence of wind speeds calculated in percentage in Klaipǟda during the period from 

1999 to 2007 (composed by M. Kovalenkovienǟ (LEI) based on the data of Hydrometeorological Service) 

Wind speed Months Yearly 

m/s 01 02 03 04 05 06 07 08 09 10 11 12 

Still             1.7 

0ï1 7.4 10.0 9.7 11.7 11.5 11,5 16.5 13.0 11.2 7.0 5.4 8.5 10.0 

2ï3 15.9 21.4 23.5 30.3 30.3 32,6 34.0 32.1 31.2 23.7 17.8 15.3 26.2 

4ï5 21.2 21.0 27.9 28.4 28.6 24,8 24.3 26.4 23.7 21.6 22.5 17.9 24.0 

6ï7 34.7 27.6 27.5 23.4 25.3 23,9 21.9 22.0 26.8 31.0 37.2 34.4 27.0 

8ï9 9.9 10.5 6.8 4.5 3.1 4,5 2.5 4.3 5.6 8.5 9.9 12.6 6.5 

10ï11 5.5 4.3 2.1 1.4 1.0 1,5 0.5 1.5 1.2 4.4 3.4 4.0 2.3 

12ï13 2.3 2.3 1.6 0.1 0.2 0,8 0.2 0.2 0.2 2.0 2.5 3.0 1.3 

14ï15 2.2 1.7 0.2 0.2  0,4 0.1 0.2 0.1 0.9 1.0 2.4 0.7 

16ï17 0.5 0.3 0.4     0.1  0.3 0.4 0.8 0.2 

18ï20 0.4  0.4        0.2 0.6 0.1 

21ï23            0.4 0.03 

24ï25            0.1 0.01 

Strong, sufficiently long in duration and constant direction winds have the greatest impact on formation of 

currents and waves in the coastal zone. According to the Lithuanian classification, strong winds are defined 

as those with a speed Ó15 m/s, while stormy winds with a speed Ó20 m/s. Stronger winds reaching more 

than 30 m/s are considered as hurricane winds. Based on long-term observations, winds of more than 14 

m/s are observed for about 88 days per year, while winds of more than 20 m/s for 17 days at the coast of 

Klaipǟda. 1990 was a special year, because winds of more than 14 m/s were observed for 115 days, while 

wind speed of more than 20 m/s for 31 days. In terms of 1999, the maximum wind speed in gusts reaching 

20 m/s was observed for 32 days, while the speed of 25 m/s was observed for 7 days. In 2006, winds 

stronger than 14 m/s were observed for only 34 days and those stronger than 20 m/s for only 2 days, while 

in 2007, winds stronger than 14 m/s were observed for 61 days and those of Ó20 m/s for 7 days. The duration 

of strong wind periods (when maximum speed is more than 14 m/s) ranged from 2ï3 to 106 hours according 

to the data of 1999ï2007. At the time of storms, not only hurricane-like (>30 m/s) wind speed values are 

observed but also sufficiently long (24ï96 h.) periods of high and moderate speeds (8ï18 m/s). Strong 

winds are characterized by strong seasonality since they are mostly observed in autumn-winter months. 

According to the prevailing directions, hurricane-like winds differ from moderate. Among strong winds, 

those of SïW sector stand out clearly: winds of SW direction comprise 37.6 %, winds of W direction 

comprise 28.3 %, winds of S direction comprise 13.3 % and winds of NW direction comprise 11.2 %. 

Based on the results of modelling carried out by the Latvian Institute of Marine Research in 2007, average 

wind speed in the sea intensifies as it moves away from the shore and changes from 7 to 10 m/s. The biggest 

differences in wind speed are registered closer to the seashore, while winds become more constant as you 

move into the middle of the sea. After completion of mathematical modelling in the sea 100 m above the 

water level, it was found that average wind speed can reach about 9ï10 m/s in the PEA area (Fig. 4.2.1.). 



Environmental Impact Assessment Report for the Installation and Operation of the Offshore Wind Farm in 

Lithuaniaôs Marine Territory 

 

49 

 

 
Fig. 4.2.1. Average wind speed in the sea 

Similar results were obtained in the Danish RISO laboratory which also conducts modelling of Baltic and 

part of North Sea wind speeds, and links modelling results with real (installed at wind measuring stations) 

measured sizes. The research carried out at the RISO laboratory confirmed that average wind speed in the 

sea around the PEA area (at the height of 100 m) can reach from 8 to 9.5 m/s speed (Peña, 2011). 

According to the newest data, based on the data of installed meteorological observation systems in 2022 

(EOLOS, 2022(a), (b), (c), (d) and (e), Fig. 4.2.1.) (during a period from July to December), wind strength 

differs in the PEA area. The wind regime of the northern part is represented by the indications of E01 

meteorological station, and the southern ones by E06. Wind speeds are interpolated from the available 

natural measurements to any height horizon of your choice, but in terms of energy efficiency, the most 

important horizon is the one that corresponds to the height of the rotor. Based on the measurement data of 

summer and autumn (E01 station), average wind strength reaches from 7.26 m/s (in July and August) to 

10.12 m/s (in September and October) in the northern part of the PAE area at the height of 200 m (max 

height were data is still reliable). More detailed statistics is provided in table 4.2.3. 

 

Table 4.2.3. The distribution of wind speeds (at the height of 200 m) in the northern part of the area (m/s). 

E01 station July-

August 
Augist-

September 
September-

October 
October-

November 
November-

December 

Mean 7.26 8.26 10.12 9.89 7.93 

Max 20.56 19.56 22.34 22.11 22.03 

Min  0.38 0.56 0.54 0.60 0.87 

Standard deviation 3.60 3.54 4.39 4.30 4.19 

Respectively, in the southern part of the area (E06 station), wind strength reaches from 7.12 m/s (in July 

and August) to 9.93 m/s (in September and October). More detailed statistics is provided in table 4.2.4. 
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Table 4.2.4. The distribution of wind speeds (at the height of 200 m) in the southern part of the area (m/s). 

E06 station July-

August 
Augist-

September 
September-

October 
October-

November 
November-

December 

Mean 7.12 8.18 9.93 9.88 7.80 

Max 19.83 19.16 22.19 21.68 20.80 

Min  0.40 0.68 0.47 0.65 1.10 

Standard deviation 3.59 3.52 4.33 4.19 3.92 

According to the wind rose charts drawn up for summer and autumn periods, winds of W-SW and SE, 

seldom NE, directions were prevailing during summer, while winds of S, W and SW directions were 

prevailing during autumn and SE in December in the northern part of the PAE area at the height of 150 m. 

(Fig. 4.2.2.) 

 

 

Fig. 4.2.2. The wind roses in summer (on the left), autumn (in the center) and in December (on the right) 

(based on 2022 Eolos data at E01 observation station). 

Respectively, in the southern part pf the PAE, at the height of 150 m, wind rose diagrams reveals that 

prevaiiling winds in this part of the area in the summer are of N, less often SE and SW directions, while in 

autumn  - S and SW wind were dominating. In December ï the main direction of the winds was ï SE (Fig. 

4.2.3). This obviously shows that metheorological conditions are not the same in different parts of the PAE 

area. 

 

Fig. 4.2.3. The wind roses in summer (on the left), autumn (in the center) and in December (on the right) 

(based on 2022 Eolos data at E06 observation station). 

 

4.2.2. Ambient air pollution sources and emissions 

During electricity production at WPP, stationary sources of ambient air pollution and pollutant emissions 

are not expected. Air pollution is possible during the construction, maintenance and dismantling of wind 

parks. The main ambient air pollution sources are vessels and construction equipment in operation at the 

offshore wind park during construction, exploitation and dismantling stages. 
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WE park (onshore and offshore) emissions throughout the whole life cycle were evaluated in the study 

prepared by the international project ñWind energy: the Factsò. Life Cycle Assessment method made it 

possible to compare traditional electricity generation systems of European countries using fossil fuels (coal 

or natural gas) and emissions from wind energy during the production of 1 kWh of electricity. 

Table 4.2.5. Pollutant emissions from wind energy and electricity produced using coal or natural gas 

throughout the whole life cycle (CIEMAT) 

Emission  Offshore 

WE 

Onshore 

WE  

Electricity 

from coal 

Electricity 

from lignite  

Electricity from natural gas 

(in combination with coal) 

CO2, g 8 8 836 1060 400 

Methane, mg 8 8 2554 244 993 

NOx, mg 31 31 1309 1041 353 

LOJ, mg 6 5 71 8 129 

Solid 

particles, mg 

13 18 147 711 12 

SO2, mg 32 31 1548 3808 149 

Preliminary quantities of ambient air pollutants resulting from mobile pollution sources 

Air pollutant emissions are possible from internal combustion engines of service vessels during the 

operation of WE parks. During WE park decommissioning, emissions similar to those during WE park 

construction are possible at the time of WE dismantling. 

Possible ambient air pollution from mobile pollution sources will be local and temporary at the time of 

construction and operation of construction machinery. Pollutant emissions into the atmosphere are possible 

from internal combustion engines of vessels and other machinery in operation. Emissions: NOx, CO, SO2, 

hydrocarbons and solid particles. 

Ambient air pollutant emissions from internal combustion engines of vessels depend greatly on a vesselôs 

type, tonnage, type of engine, loading and working mode and on the type of fuel burned. 

The quantity of pollutant emissions from internal combustion engines of vessels are limited by the 

requirements of Annex VI to the MARPOL (Regulation for the prevention of Air Pollution from Ships. 

Annex VI to International Convention MARPOL 73/78/IMO. London, 1997). Vessel emissions are also 

subject to the standards set by the U.S. Environmental Protection Agency EPA. 

Table 4.2.6. Emission standards for vessel engines (based on Air emission from Marine Vessels. Report of 

Jodint Standing Committee on Natural Resources. Maine department of Environmental Protection Bureau 

of Air Quality. 2005) 

Standard  Vessel engine type Emissions (g/kW per hour) Production 

year Category Capacity Power 

(kW)  

Speed, rpm NOx NOx and 

THC**  

PM CO 

MARPOL   >130 

kW 

N<130  17.0 - - - 2005-05-19* 

130<N<2000 45.0 x 

N-0.20 

N>2000 9.8 

EPA Tier 

1  
1, 2, 3 >2.5 >37  N<130  17.0 - - - 2004ï2006 

130<N<2000 45.0 x 

N-0.20 

N>2000 9.8 

1 <0.9 Any - - 7.5 0.40 5.0 2007 
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EPA Tier 

2  

0.9-1.2 Any 7.2 0.30 5.0 2007 

1.2-2.5 Any 7.2 0.20 5.0 2007 

2.5-5.0 Any 7.2 0.20 5.0 2007 

2 5.0-15.0 Any - - 7.8 0.27 5.0 2007 

15.0-20.0 <3300  8.7 0.50 5.0 2007 

15.0-20.0 >3300 9.8 0.50 5.0 2007 

20.0-25.0 Any 9.8 0.50 5.0 2007 

25.0-30.0 Any 11.0 0.50 5.0 2007 

* MARPOL VI came into effect from 19.05.2005 and is applicable to engines of ships built after 01.01.2000 

** Total hydrocarbons 

Emissions can have greater impact at the moment vessels start moving, at mooring or standing by quays in 

ports. Favourable pollution spreading conditions are in the open sea, far from the shore and living or public 

environments, therefore emissions will be easily spreadable and will not affect living environment on the 

shore. 

4.2.3. Possible impact on climate 

When assessing indirect impact on the ambient air, it is necessary to note that wind energy is one of the 

renewable energy types reducing the use of fossil fuels and emissions of CO2 and other substances into the 

ambient air. The use of wind energy plays a major role in the fight against climate change to reduce 

greenhouse gas emissions from the energy sector. 

The UNFCCC Kyoto Protocol14 set the tasks for the countries of the world to reduce CO2 emissions and 

other pollutants. Each EU member state, based on the European Union (EU) directive 2001/77/EC15, is 

obliged to establish and harmonize with the EU electricity production norms utilizing RES. 

In order to assess the impact of renewable energy on the climate, studies based on life cycle analysis are 

increasingly being conducted. Such studies allows to compare the impact of different energy production 

technologies on the climate, which is expressed by the global warming potential coefficient and is evaluated 

as gCO2 eq/kWh. 1 MWh of thermal energy produced by burning liquid fuels emits about 0.27 t of CO2 

(data according to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories Part 2 "Energy"16. 

Meanwhile, taking into account Anna Garcia-Teruel et al. (2022) 17 and Barbara Mendecka and Lidia 

Lombardi (2019) 18, depending on the technological parameters of WT, the global warming potential of 

offshore power plants ranges from 25 gCO2 eq/kWh to 133 gCO2 eq/kWh, which is significantly less than 

that needed to produce energy using fossil fuel. 

4.2.4. Measures reducing the  impact 

Vessels working at WE parks have to comply with the requirements of international organisations 

(MARPOL). Measures reducing impact on ambient air are not required or foreseen for WE park 

establishment. 

                                                      
14 Kyoto protocol to the United Nations framework convention on climate change. 

 http://unfccc.int/resource/docs/convkp/kpeng.html 
15 Directive 2001/77/EC of the European Parliament and of the Council of 27 September 2001 on the promotion of electricity 

produced from renewable energy sources in the internal electricity market // Official Journal L283, 27/10/2001. P. 0033-0040. 
16 https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/2_Volume2/V2_2_Ch2_Stationary_Combustion.pdf 
17 Anna Garcia-Teruel, Giovanni Rinaldi, Philipp R. Thies, Lars Johanning, Henry Jeffrey, 2022. Life cycle assessment of floating 

offshore wind farms: An evaluation of operation and maintenance, Applied Energy, Volume, ISSN 0306-2619, 
18 Barbara Mendecka, Lidia Lombardi, 2019. Life cycle environmental impacts of wind energy technologies: A review of simplified 

models and harmonization of the results, Renewable and Sustainable Energy Reviews, Volume 111, ISSN 1364-0321. 
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Table 4.2.7. Summary table of impact on ambient air and climate 

Component Operational 

stages 

Impact  Nature Scale Duration  Significance  Measures  

 

 

 

 

Ambient air 

Construction  Pollutant emissions from 

engines of vessels / 

construction machinery 

Direct impact having no significant 

impact on ambient air quality 

At a shipôs / 

technical 

machineryôs 

workplace 

Only at the time of 

construction phase 

Insignificant Not 

applicable 

Operation and 

maintenance 

Pollutant emissions from 

service vessels 

Direct impact having no significant 

impact on ambient air quality 

At a shipôs / 

technical 

machineryôs 

workplace 

Only at the time of 

maintenance/ repair 

works 

Insignificant Not 

applicable 

Electricity production from 

renewable sources 

Indirect, positive impact reducing the 

use of fossil fuels and emissions of 

CO2 and other ETS into the ambient 

air 

Regional / global Long-term, at the 

time of WE parkôs 

operation 

Positive contribution is 

significant for reduction of 

climate change 

Not 

applicable 

Termination of 

operation 

Pollutant emissions from 

engines of vessels and 

construction machinery 

Direct impact having no significant 

impact on ambient air quality 

At a shipôs / 

technical 

machineryôs 

workplace 

Only at the time of 

work 

Insignificant Not 

applicable 

Significance:  

  ï positive impact;   ï impact is not significant (it is not necessary to take into account, no measures are applied). 

 



Environmental Impact Assessment Report for the Installation and Operation of the Offshore Wind Farm in 

Lithuaniaôs Marine Territory 

 

54 

 

4.3. Underwater Noise 

4.3.1 General Characteristics 

By its origin, underwater noise is divided into natural and anthropogenic: 


· Natural noise: hydro- and meteo-dynamic noise caused by wind and wave impact on the sea 

surface (wind-dependent noise), also caused by atmospheric precipitations (rain, snow, hail); 


· Seismic/geoacoustic noise: generated by tectonic and volcanic activity of the Earthôs surface 

(hardly probable in Lithuania); 


· Biologic noise: sounds produced by invertebrates, fish, mammals; 


· Anthropogenic noise: generated by human offshore activities, mostly due to shipping, 

hydrotechnical operations (installation of piles, seabed dredging/excavation), scientific esearch 

(seismoacoustic studies, sonar and echo sounding device surveys). 

Depending on its origin, anthropogenic noise can be impulse or uninterrupted (constant). Both constant 

and impulse underwater noise may have a great impact on marine environment. Marine mammals and 

some fish species use acoustic signals for communication and navigation purposes; any additional, that 

is unnatural, noise may therefore disturb or even injure marine animals. 

Wind-induced sound (breaking waves and generating splashes) primarily generates in the frequency 

band between approx. 100 Hz and 30 kHz. Rain generates noise mostly in the frequency band between 

1 kHz and 10 kHz, yet also contributes to higher frequencies. Noise generating due to the migration of 

different temperature water masses (thermal noise) is caused by mixing of molecules and is the main 

source of the sound with frequency above 100 kHz. 

The range of animal-produced sounds falls between several Hz and up to several hundred kHz, while 

the duration of animal-produced sounds ranges from very short, few dozens of microseconds, up to tens 

of seconds. 

Deep-sea shipping noise contributes to the ambient noise in the frequency bands between 10 Hz and 

1000 Hz. On the other hand, ships in the vicinity, and small ships, generate noise in higher frequency 

bands, as well. Ship-related noise is caused by rotors, engine operation and hull friction against the 

water surface. 

It is important to consider that ambient noise level may greatly differ with time. Changes in the ambient 

noise level observed in time and space may reach tens of decibels (i.e. amplitude may show several-

fold difference). Such differences are determined by the fact that sounds from certain sources has a 

direct dependency on weather conditions. Such a change may be short-term (in minutes or hours) or of 

average duration (e.g. twenty-four hours (day and night) fluctuations) or of a longer duration, i.e. 

seasonal changes. Biologic noise may be subject to time of the day and season. Noise level may also be 

subject to location, for example, distance (vicinity) to intensive shipping routes or in case of observing 

the noise close to an active biological source (Robinson et al., 2014). Moreover, sound propagation 

conditions are highly dependent on hydrological conditions, which are determined by different 

temperature and salinity layers. An expressive stratification of the sea-water column due to different 

temperature and salinity is one of the specific features of the Baltic Sea water. Typically, the Baltic 

water covers a denser layer of water inflowing from the Northern Sea with a relatively stable halocline 

around the depth of 40ï90 m; meanwhile, vertical and horizontal temperature and salinity gradients are 

regularly registered in the basin (Piechura, BeszczyŒska-Möller, 2004). Furthermore, a seasonal 

thermocline, which separates the warm surface layer from the intermediate/deep Baltic water layer, i.e. 

cold or winter layer, is forming in the medium part of the water column in the period from late spring 

to autumn. 

Typically, sound speed during the entire winter season close to the sea surface is the least. On the other 

hand, a mixed water layer occurring at the depth of 40-60 m show the formation of a wide subsurface 

acoustic waveguide (underwater sound channel). Meanwhile, during summer, when seasonal 

thermocline is generating at the depth of 20ï40 m, a three-layer structure forms at the sea. Such a 
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structure occurs when warm summer Baltic Sea water in the upper layer is above cold winter Baltic Sea 

water layer, which, in turn, covers the deep water layer of the Northern Sea. In a cold-water layer of 

low salinity, the sound speed is minimum and thus a 20ï60 m thick deep-sea acoustic waveguide is 

forming between thermocline and seabed (Klusek, Lisimenka, 2016). Such fluctuation in noise 

propagation conditions in the Baltic Sea throughout the year and hydrological changes in water mass 

structure condition large (measured) seasonal changes in the sound pressure levels, which are, 

moreover, subject to water depth. The observations showed that, in case of a similar wind velocity, 

noise spectrum level in winter is approx. 10ï15 dB higher than in summer, especially in the low 

frequency band below 1 kHz (IEC, 2006). Furthermore, in low frequencies the sound spectrum of winter 

and summer seasonal waveguides is up to 10 dB longer and has a weak correlation with the local wind 

velocity. Inside the winter subsurface waveguide, the wide frequency range shows a negative 

correlation of noise level and wind velocity. 

4.3.2 Study on Underwater Noise Propagation 

To determine the specificities of underwater noise propagation in the PEA area, two underwater noise 

monitoring systems equipped with the omnidirectional hydrophone working at frequency range from 

20 Hz up to 60 kHz (SoundTrap ST600STD (Ocean Instruments, New Zealand) were installed. The 

main aim of the study is to determine the current situation in relation to the underwater noise level in 

order to obtain the possibility of identifying potential changes in the marine environment caused by 

anthropogenic activity during the construction phase, operation and liquidation. 

Acoustic data are collected according with the international measurement standards [BSH, 2011; 

Dekeling et al., 2014a, b, c; Van der Graaf et al., 2012] as well as according to the updated HELCOM 

guidelines for monitoring continuous noise [HELCOM 2021], deploying the noise recorders up to about 

5 m above the seabed. Detailed analysis of the acoustic data was performed in frequencies of 1/3-octave 

frequency bands with central frequencies from 20 Hz up to 20 kHz what, all in general, is in agreement 

with the recommendations of HELCOM [HELCOM, 2021] and international standards and 

recommendations of the Expert Groups (EU TG-Noise, HELCOM EG-Noise) in the field of acoustic 

data analysis of the underwater noise.  

The result of the calculation of the mean values of power spectrum density PSD [dB re 1 ɛPa2/Hz] in 

the particular 1/3-octave frequency bands is presented in the form of the ñboxplotsò (MATLAB®), 

reflecting the general statistical information of the noise data (Fig. 4.3.1.). In the scheme, the central 

red line marks the median value in each ñboxò (rectangle), the bottom and upper limits of which 

determine, respectively, the first quartile Q1 and third quartile Q3, i.e. the percentiles 25 and 75. 

According to the definition, the interquartile range (IQR), i.e. the distance between Q1 and Q3, 

comprises half of all observations. The values of so-called whiskers are determined by default as 1.5 of 

the interquartile range, i.e. ȹQ=1.5*IQR. If the observed minimum is higher than the value of the 

bottom whisker Q1-ȹQ and/or the observed maximum is lower than the upper whisker Q3+ȹQ, the 

length of the whiskers is limited by the appropriate observed extreme values.  
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Fig. 4.3.1. Statistical distribution of the averaged power spectral density PSD [dB re 1 ���3�D2�Â�+�]�Å��] values of 

the underwater noise in 1/3-octave frequency bands. As per measurements data obtained during the 

period between 2 May 2022 to 11 August 2022 (on the left) and between 12 August 2022 to 14 November 

2022 (on the right). 

Moreover, the mean values of the power spectrum density PSD in the 1/3-octave frequency bands are 

calculated for different percentiles (p = 0.05; 0.10; 0.25; 0.50; 0.75; 0.90; 0.95). For example, the L05 

percentile defines that the noise level is larger than the L05 threshold during 5% of the observation time 

(so-called óthe loudest soundsô). In turn, the L95 percentile corresponds to óthe quietest soundsó. 

Respectively, the L50 percentile is the median value (Fig. 4.3.2.).  

 

Fig. 4.3.2. Mean values of the power spectrum density of the underwater noise in the 1/3-octave frequency 

bands PSD [dB re 1 ���3�D2�Â�+�]�Å1]. As per measurements data obtained during the period between 2 May 

2022 to 11 August 2022 (on the left) and between 12 August 2022 to 14 November 2022 (on the right). 

The underwater noise characteristics presented above correspond with (are typical for) the transient 

period of time between spring/summer and summer/autumn sound propagation conditions in the Baltic 
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Sea [Klusek and Lisimenka, 2016; Mustonen et al., 2019; ICES Continuous Underwater Noise dataset, 

2022].  

4.3.3 Potential Impact of Underwater Noise during the WT Installation 

Noise of anthropogenic origin has been recognized on a global scale as a pollutant for years, and it is 

assumed that it is one of the most harmful forms of pollution, ubiquitous in both terrestrial and 

underwater ecosystems. As measurement and observation techniques advance, there is increasing 

evidence of the negative effects of anthropogenic noise on marine life. This noise is a major stress factor 

for marine organisms, causing changes, for example, in the hearing threshold (auditory ability), as well 

as causing behavioural and physiological changes in them. In legal terms, in 2008, the Marine Strategy 

Framework Directive (MSFD) was adopted in the EU, which defines the main legal conditions 

regarding underwater noise. In this document, under the law, underwater noise was recognized as a 

significant pollutant of the marine environment, negatively affecting the welfare of animals and 

potentially threatening their life. It also emphasized that the level of noise emissions should be limited, 

and one of the basic tasks is to protect European seas. 

The primary source of underwater noise during the offshore wind farm development is fortification of 

foundation structures during construction. It is especially true in case of monopile and jacket 

foundations, which installation requires the use of a falling ram of different modifications generating 

impulse noise of various intensity. The underwater noise measurements performed (Bellmann et al., 

2020) during un-mitigated impulse pile-driving (reference measurements according to the DIN SPEC 

45653 standard (2017) in absence of noise mitigation measures), showed that, in 750 m distance to the 

monopile-driving location, the following underwater noise values were reached:  

162 dB <= Sound Exposure Level SEL <= 183 dB and 

185 dB <= zero-to-peak Sound Pressure Level SPLp,pk <= 205 dB; 

Such impulse noise emissions are especially dangerous for sensitive species of marine fauna, 

particularly those in vicinity of the noise-generating source. Therefore, reducing the potential impact 

requires noise-mitigation measures and concepts. 

It should be noted that geological seabed conditions in the PEA area, i.e. relatively solid soil, and small 

distance to the shore create especially favourable underwater sound propagation conditions in the winter 

season and relatively most unfavourable sound propagation conditions in the summer season. The 

modelling of noise propagation from one monopile driving showed that the noise level at the 750 m 

distance (as per BSH, 2011) to the pile-driving location significantly increases the limit values 

established, i.e. reaching up to 170 dB (Fig. 4.3.3.). It is thus recommended ï if no sufficient noise 

mitigation measures to be applied, to refrain from operations while using pile-driving technologies 

generating high-level underwater noise or limit them during winter. 
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Fig. 4.3.3. Propagation of underwater noise from driving the pile without application of mitigation 

measures. 

 

4.3.4 Recommended Impact Mitigation Measures  

Negative impact from noise could be reduced through the use of direct noise mitigation measures: 

Reducing the generated noise (modification of the source of the noise itself) and reducing the radiated 

noise (dampening of the acoustical energy propagating away from the source). In recent years, several 

underwater noise mitigation systems to reduce the radiated noise from pile driving have been developed. 

The Big Bubble Curtains (BBC), the isolation casings (IHC-NMS) and the Hydro Sound Dampers 

(HSD) have been deployed in the North Sea (Koschinski and Lüdemann, 2020). With the BBC, NMS 

and HSD, underwater noise levels in broadband frequency band could be dampen by at least 10 dB up 

to about 15-16 dB for each system and reductions of up to about 20 dB could be achieved when combing 

several systems (Bellmann et al., 2020). The modelling of the underwater noise propagation conducted 

in the PEA area (SEL 20Hz-5kHz values when the noise source is one metre away from the seabed) 

from one pile driving, where pile diameter was 8 m, showed that, in case of a single mitigation systems, 

the noise level from the source over the established distance of 750 m has damped from 170 dBSEL down 

to 149 dBSEL, i.e. did not exceed the maximum level of 160 dbSEL (Fig. 4.3.4). 
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Fig. 4.3.4. Propagation of underwater noise from driving the pile after applied mitigation measures. 

 

Moreover, a key mitigation measure for preventing injury (hearing loss) to marine mammals from pile 

driving is to deter animals acoustically prior to start of pile driving. This can be done by two methods, 

often used in conjunction. The first method is deployment of additional acoustic deterrence devices 

(ADDs), capable of deterring marine mammal from the vicinity of the pile-driving location. The second 

method is a soft start of pile driving, i.e. while driving the pile, the energy applied by the hammer is 

ramped up gradually, thus, deterring the animals, but not creating any sudden noise pulses that are 

especially harmful and potentially damaging to the animals (Tougaard and Mikaelsen, 2020). 

At the present time, the developers comply with the dual noise mitigation threshold values established 

by the German Federal Maritime and Hydrographic Agency (BSH) to be observed during pile-driving 

works to mitigate impact of underwater noise during the WT installation. The requirement is not to 

exceed 160 dBSEL (to be met by the Sound Exposure Level) and 190 dBLp,pk (to be met by the zero-to-

peak Sound Pressure Level) of underwater noise at a distance of 750 m from the pile-driving location. 

To control the caused negative impact on marine organisms (marine mammals, fish), also to assess and 

control the efficiency of noise mitigation measures during the construction, i.e. during the installation 

of WT foundations, the future developer must implement underwater noise monitoring during 

installation of foundations. The aim of monitoring is to register if the noise generated exceeds the limit 

values established, i.e. at a distance 750 m from the pile-driving location the noise level should not 

exceed 160 dBSEL and 190 dBLp,pk). If it is determined that the noise has exceeded the set limits, it is 

necessary to stop the work and apply other/additional noise reduction measures.  
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 4.4. Earth: Seabed and Deeps  

4.4.1. Seabed Characteristics, Relief, Depths 

The todayôs seabed of the Lithuanian marine area in the Baltic Sea was mostly caused by glacial activity 

during pleistocene glaciation, when ice covered the entire area of the sea. The retreating glacier has left 

various accumulation (hills, ridges) and exaration (depression, rapids, shoals) relief forms (Trimonis, 

2002). The silt from deglaciation waters covered the moraine depression and formed accumulation 

plains. Later, the seabed was formed by the processes related to water level changes in different eras of 

Baltic Sea evolution, and by modern sedimentation processes. Due to these processes, there are 

favourable topographic forms, i.e. plateaus, banks, formed at the bottom of the sea, whereas the sloping 

plains parting them form the adverse relief forms, i.e. basin slopes. In Lithuanian marine territory, the 

key geomorphologic structures (Fig. 4.4.1) are the Klaipǟda-Ventspils and the Curonian-Sambian 

Plateaus (Gelumbauskaite, 1986), the Gotland and Gdansk Basins and the connecting slopes. Specific 

seabed structures to be mentioned additionally are the Bank of Klaipǟda and, supposedly, the Nemunas 

Valley (Gelumbauskaite, 2010). The Klaipǟda-Ventspils Plateau in the northern Lithuanian water area 

starts at the Gulf of Riga, stretches along the shore, and somewhere in the latitude of Liepaja turns 

south-west, to settle between the Gotland and Gdansk basins. There are also more prominent elevations 

at this location. One of them is known as the Bank of Klaipǟda, located in the north-western part of the 

Lithuanian Economic Zone. The sea depth in some places of this area reaches 47 m (Gelumbauskaitǟ 

et al., 1999). Westwards, this bank descends a steep slope into the Gotland Basin. 

 

Fig. 4.4.1. Geomorphologic demarcation of the seabed in the Lithuanian marine area. 

The Klaipǟda-Ventspils Plateau and the south-western slope of the Gdansk Basin, where potential wind 

energy development area is located, are most significant in terms of the object under study. The deeper 
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northern slope of the Gdansk Basin, the Bank of Klaipǟda in the west and the slope of the Gotland Basin 

as well as the Nemunas Valley are beyond the boundaries of the territory under study.  

Based on modern fixed-site foundation technologies, the best conditions for the installation of offshore 

wind farms are coastal areas with a depth not exceeding 40 m (50 m the most). In Lithuania, the use of 

the sea at the depth up to 20 m is regulated by the Law on Coastal Strip (LR, 2002); the installation of 

fixed-site engineering structures in the costal areas is thus not possible. Based on the latest bathymetric 

measurements (Sea Bottom Surveys, Part II, 2022), the PEA territory is consistently fragmented into a 

shallower (28-36 m) north-eastern and a deeper (36-46 m) south-eastern areas. The northern part 

morphologically is the western segment of the Klaipǟda-Ventspils Plateau, while the south-western part 

is a slope of the Gdansk Basin, which evenly deepens southward. The prevailing depths are 38ï43 m 

(amounting to approx. 40 % of all values), the second most prevailing depth area (basically, the entire 

slope) 34ï38 m (about 30 % of the area) is relatively most plane central part of the area, while depths 

between 31 and 34 m are registered only at the Klaipǟda-Ventspils Plateau, accounting for approx. 10 

% of all depth values (Fig. 4.4.2.).  

 

Fig. 4.4.2. Sea depth scheme of the PEA territory. (Source: Sea Bottom Surveys, Part II, 2022) 

 

4.4.2. Sedimentation Conditions 

4.4.2.1. Distribution and Composition of Surface Sediments 

The seabed of the Lithuanian water area is covered with recent and relict bottom sediments (Gulbinskas, 

1995). Relict sediments are sediments deposited during the Ice Age and Baltic Sea evolution stages. 

They occur in hydrodynamically active areas of the sea where sedimentation no longer takes place today 
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or where bottom destruction occurs. In many such spots, glacial deposits (moraine) are heavily 

eroded; their surface is covered with boulders, pebble, shingle, or uneven-grained sand.  

Recent sediments are found in accumulation areas. The main types of sediment are sand (mostly fine-

grained), siltstone, and sludge) (Emelyanov et al. 2002). The areas of fine-grained sand dispersal are 

found at elevations /plateaus. Bottom in deeper marine areas (basin slopes about 45ï65 m deep) is 

covered by silty sediments. Sludge sediments consisting of fine siltstone and pelitic siltstone cover the 

bottoms of Gdansk and Gotland basins (at a depth of over 60 m). 

Relict deposits and sediments also cover the Klaipǟda-Ventspils Plateau, within which the PEA territory 

is located (Sea Bottom Surveys, Part II, 2022). Relict sediments consist of moraine of varied 

composition (sand, loam, boulder clay) and the eroded elements (boulders, pebble, shingle). Here, the 

prevailing glacial (washout moraine) unsorted mixed sand, gravel and boulder sediments occur directly 

on a moraine bed (moraine sandy loam and clayey loam). The remaining part of the territory shows the 

prevalent modern marine sand, silty and clayey sand sediments that formed in the relief ranges and on 

the Klaipǟda-Ventspils Plateau slope (Fig. 4.4.3.). Thickness of the surface loose sediments varies from 

several centimetres in the north-eastern segment with washout moraine sediments, to several metres (3ï

6 m) in the rest of the PEA area, where sandy, silty, clayey sediments are prevailing. Solid glacial 

sediments occur below the indicated point. 

 

Fig. 4.4.3. Lithological composition of bottom sediments. Legend: 1-silty sand; 2-silty, clayey sand; 3-clay, 

clayey sand; 4-boulders, gravel, gravely sand; 5-evenly sorted sand. (Source: Sea Bottom Surveys, Part II, 

2022). 
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4.4.2.2. Studies on contamination of seabed sediments  

Seabed sediment samples were taken at ten measurement stations in the proposed WT farm area (Fig. 

4.4.2.1.) for geochemical studies. The samples were taken using Van Veen grab sampler (seabed 

coverage area 0.1 m-2). 

 

Fig. 4.4.2.1. Sites of seabed sediment contamination studies. 

The pollutants (oil products C10-C40, polyaromatic hydrocarbons, heavy metals As, Cd, Cr, Cu, Ni, 

Pb, Zn, Hg) were determined in the certified laboratory of Vandens tyrimai, UAB (as per LST EN 

ISO/IEC 17025:2018). Chemical status of Lithuanian waters of the Baltic Sea in regards of 

concentration limits for polluting substances in the bottom sediments are determined in accordance with 

the Order of the Minister of Environment of the Republic of Lithuania no. D1-194 of 4 March 2015 

ñOn Approval of the Requirements for Determining the Characteristics of the Good Environmental 

Status of the Lithuanian Marine Areaò and the average annual values for pollutants in seabed sediments 

of good environmental status qualities. 

Based on the analysis of concentration of heavy metals and arsenic carried out in the current seabed 

sediments in the proposed WT farm territory, no traces of significant pollution were established (Table 

4.4.2.1.). 
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Table 4.4.2.1. Results of heavy metal analysis in the seabed sediments (Vandens tyrimai, UAB, research 

protocol No. 220513GC040) 

Sample 

No. Sediments 

Concentration of pollutants, mg/kg Amount of 

organic 

substance, % As Cd Cr  Cu Ni Pb Zn Hg 

4 Evenly sorted sand 3 <0.15 3 <4 <4 1 <20 <0.05 0.79 

10 Silty, clayey sand 3 <0.15 4 <4 <4 1 <20 <0.05 0.85 

11 Silty sand 3 <0.15 8 4 4 2 <20 <0.05 1.64 

14 
Silty, clayey sand 2 <0.15 4 <4 <4 1 <20 <0.05 1.06 

19 
Silty, clayey sand 2 <0.15 3 <4 <4 1 <20 <0.05 1.14 

20 
Silty, clayey sand 2 <0.15 3 <4 4 1 <20 <0.05 1.33 

23 
Silty, clayey sand 1 <0.15 4 <4 <4 1 <20 <0.05 1.36 

27 
Silty, clayey sand 1 <0.15 3 <4 <4 1 <20 <0.05 1.23 

33 
Silty sand 2 <0.15 5 4 <4 2 <20 <0.05 0.42 

36 
Silty sand 2 <0.15 6 <4 <4 2 <20 <0.05 1.11 

 GES* 3 0.5 30 10 10 20 60 0.1 - 
* GES (Good Environmental Status) values is annual average concentration of pollutants in seabed sediments, mg/kg of dry weight. Result 
below the established limit is marked as (< é). 

Concentrations of the priority dangerous heavy metals, i.e. mercury (Hg) and cadmium (Cd), in the 

seabed sediments of the area under study are lower than quantitation limit. The same is true for zinc 

(Zn) concentration. Concentrations of other heavy metals (Cr, Cu, Ni, Pb) and arsenic (As) do no exceed 

the established limit values, which proves the good environmental status of the sea waters under study. 

Conditionally higher concentrations of metals are found in sandy clayey sediments containing more of 

organic matter.  

The analysis of concentration of oil hydrocarbons in seabed sediments allows for a partial assessment 

of anthropogenic activities related to the transportation of oil and oil products, intensive shipping, and 

illegal discharge of oil waters in the open sea. PAH is a range of compounds, starting with naphthalene 

ending with coronene. It is the most dangerous oil component, which remains in the water for a long 

time and accumulates in seabed sediments and living organisms. The most toxic PAH are anthracene, 

fluorene, naphthalene, and phenanthrene. PAH compounds with high molecular weight, e.g.  

benzo[a]pyrene, are cancerogenic.  

No oil products (C10ïC40) were found in seabed sediments of the PEA area. Concentration of oil 

hydrocarbons in all sites of the studied area were lower than the quantitation limit (Table 4.4.2.2).  

Analysis of concentrations of individual PAH compounds in seabed sediments showed no significant 

pollution, as well. Concentrations of the priority PAH, fluoranthene, in the studied area reached 1.1. to 

11  µg/kg. Concentrations of another priority PAH, naphthalene, were lower than the quantitation limit. 

The sum PAH concentration is between 20 and 700 times lower than the established GES value, the 

chemical status of the sediments should thus be assessed as good.  
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Table 4.4.2.2. Results of analysis of oil products (C10ïC40) and PAH in seabed sediments (Vandens tyrimai, UAB, research protocol No. 220513GC040) 

 

 

Abbreviation: NFT ï naphthalene; ACNFT ï acenaphthene; FLR ï fluorene; FEN ï phenanthrene; ANT ï anthracene; FRT ï fluoranthene; PIR ï pyrene; BZA ï benz[a]anthracene; CHRZ ï chrizene; BZB ï 

benzo[b]fluoranthene; BZK - benzo[k]fluoranthene; BENZA - benzo[a]pyrene; DBAH ï dibenzo[a,h]anthracene; BENZGHI - benzo[g,h,i]perylene; IND123 - indeno[1,2,3-cd]pyrene, SUM ï sum of 15 PAH compounds. 

* GES (Good Environmental Status) values is annual average concentration of pollutants in seabed sediments, mg/kg of dry weight. 

Result below the established limit is marked as (< é). 

Sample No. Oil products, mg/kg 

PAH, µg/kg 

NFT ACNFT FLR FEN ANT FRT PIR BZA CHRZ BZB BZK  BENZA DBAH BENZGHI  IND123 

 

SUM 

4 < 100 < 1 < 1 < 1 < 1 < 1 2,5 2 < 1 1,4 1,5 < 1 < 1 < 1 1,7 1,2 10,3 

10 < 100 < 1 < 1 < 1 < 1 < 1 1,8 1,9 < 1 1,1 1,3 < 1 < 1 < 1 1,8 1,1 9 

11 < 100 < 1 < 1 < 1 < 1 < 1 3,2 3,2 1,1 1,3 2,1 < 1 < 1 < 1 2,7 1,6 15,2 

14 < 100 < 1 < 1 < 1 4,2 < 1 11 10 3 3,9 4,5 1,6 < 1 < 1 4,8 3,1 46,1 

19 < 100 < 1 < 1 < 1 4,2 < 1 11 10 3 3,9 4,5 1,6 < 1 < 1 1,4 < 1 1,4 

20 < 100 < 1 < 1 < 1 < 1 < 1 1,2 1,4 < 1 < 1 < 1 < 1 < 1 < 1 1,7 1,1 5,4 

23 < 100 < 1 < 1 < 1 < 1 < 1 1,1 1,2 < 1 < 1 1,2 < 1 < 1 < 1 1,7 1 6,2 

27 < 100 < 1 < 1 < 1 < 1 < 1 1,9 2 < 1 < 1 1,1 < 1 < 1 < 1 2,2 1,1 8,3 

33 < 100 < 1 < 1 < 1 < 1 < 1 2,1 2,3 < 1 1,1 1,4 < 1 < 1 < 1 2,4 1,3 10,6 

36 < 100 < 1 < 1 < 1 < 1 < 1 1,4 1,5 < 1 < 1 1,1 < 1 < 1 < 1 2,4 1,2 7,6 

GES* 100 - - - - - - - - - - - - - - - 1000 
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4.4.3. Geologic Structure and Mineral Resources  

4.4.3.1. Structure of the Sediment Column 

In the bottom of the Baltic Sea, there are found sediments of various ages, origins, and compositions. The 

layer of sedimentary rocks in the Lithuanian marine areas is about 2 km thick. Depending on the intensity 

of sedimentation, the recent formation of sediments does not occur in some areas of the bottom; instead, 

deposits and rocks from previous geological periods are uncovered.  

The upper part of the geological section consists of quaternary sediments. Thickness of the quaternary 

sediments greatly varies, i.e., from 5-10 m in plateaus to more than 100 m in paleosections. Under the 

quaternary sediments, there occur formations of the Middle and Upper Devonian periods (sandstone, 

siltstone, dolomite), Permian (dolomite limestone), Lower Triassic (clay, clayey siltstone, and marl), 

Middle and Upper Jurassic (argillite), and Lower and Upper Cretaceous epochs (Terigenic clay, siltstone, 

glauconitic-quartz sand). 

The quaternary column of the Lithuanian waters in the Baltic Sea consists of three key lithostratigraphic 

complexes: Pleistocene glacial deposits (prevailing moraine loams and sandy loams), sediments (clays, 

sands) formed during various phases of Baltic Sea evolution (Late Glacial and Holocene periods), as well 

as recent marine sediments (sand, siltstone, mud). Deposits and sediments from the first two 

lithostratigraphic complexes are also known as relict deposits and sediments (Gulbinskas, 1995). They 

occur in hydrodynamically active areas of the sea where sedimentation no longer takes place today or, even, 

where bottom destruction occurs. 

In the PEA territory, quaternary sediments are about 20ï30 m thick. Beneath them, there are normally 

deposits of the Triassic, less often (in paleo-incisions) of the Permian period found. (Fig. 4.4.4). 

 

Fig. 4.4.4 Under-quaternary sediment prevalence and thickness of quaternary sediments. 

 


































































































































































































































































































































































































































































































































