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ABBREVIATIONS LIST

ADCP Acoustic Doppler Current Profiler

DHI Danish Hydraulic Institute

EEZ Exclusive Economic Zone

EIA Environmental Impact Assessment

Espoo EIA EIA on transboundary impacts in the entire project area,
according to the Espoo Convention

GTK Geologian Tutkimuskeskus (Geological Survey of Finland)

NSP Nord Stream pipeline system

NSP2 Nord Stream 2 pipeline system

MIKE 3 three-dimensional modelling suite

MIKE 3 HD hydrodynamic module of MIKE 3

MIKE 3 PT particle tracking module of MIKE 3
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INTRODUCTION

The environmental impact assessment (EIA) for the Nord Stream 2 pipeline (NSP2) requires
forecasting of the sediment and contaminant spread expected during seabed intervention works
in order to evaluate the corresponding impacts on the marine environment. This report
documents the model input and the results of the simulations that have been selected as
representative scenarios.

The purpose of this report is to disseminate model results among contributors to the Finnish and
Espoo ElAs. Consequently, it focuses on the presentation of results. Background information on
the hydrographic basis and the fundamental assumptions and common methodology for Finland,
Sweden and Denmark are only briefly summarised in this report. An in-depth description can be
found in /1/.

This report contains a brief description of the seabed intervention works that form the basis for
the scenarios. The works include both rock placements and munitions clearance. Rock placement
works are related to the pipeline crossings, pre- and post-lay, in-service buckling mitigation and
tie-in. Modelling is carried out for one pipeline, and it is assumed that the impact from seabed
intervention works for the other pipeline is similar to the pipeline modelled. Seabed interventions
for line A is used for the modelling. A full description all the scenarios carried out in connection
with NSP2 can be found in /2/.

The interrelationship between this report and the related background documents is illustrated in
Figure 1-1.

Numerical modelling:
Methodology and assumptions
/1/

The fundamental assumptions and
methodology common for Finland,
Sweden and Denmark

Numerical modelling:
Overview of Scenarios
12/

Full description of scenarios in
Finland, Sweden and Denmark

This Report

- Brief summary of above reports

- Description of Finnish scenarios

- Results

Figure 1-1 Interrelationship between this report and background documents.
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HYDRODYNAMIC BASIS FOR MODELLING

Hydrodynamic modelling of sediment spill is based on the flexible mesh version of the MIKE 3
model suitable for three-dimensional modelling of currents, water levels and the transport of
suspended sediment, contaminants and spilled oil.

The hydrodynamic model basis is delivered by DHI in a MIKE 3 hydrodynamic (HD) set-up that is
dedicated to the NSP2 project. The model covers the entire Baltic Sea.

The model set-up includes a fine mesh along the pipeline corridor and in the Gulf of Finland. A
full year of hindcast data covering 2010 has been produced by the hydrodynamic model for
application as the basis for the environmental modelling used for the environmental assessments
of NSP2. Descriptions of the model and the calibration of the model are found in /1/.

For the transport modelling of suspended sediment and contaminants the MIKE 3 PT (Particle
Tracking) module is used, which is a Lagrangian particle transport type of model. The
Lagrangian-type approach, involves no other spatial discretisations than those associated with
the description of the bathymetry, current and water level fields. Some of the advantages of a
Lagrangian-type model are:

¢ No numerical diffusion
e No accumulation of sub-grid effects
e Effective in resolving narrow plumes

The main reasons for choosing the MIKE3 PT model over other transport models are the ones
mentioned above and that the transport modelling can be executed in a finer mesh than the
hydrodynamic modelling, which is necessary to resolve the plumes resulting from the spill.

When using the MIKE3 PT model the concentration levels are calculated on basis of the
instantaneous particle positions in each time step. Each particle is assigned a mass based on the
spill rate and the concentration in each box of the mesh is calculated by the MIKE3 PT model on
basis of the total mass contained in the box. The mesh where the concentrations are calculated is
independent of the calculation mesh used for the hydrodynamic (HD) setup. Therefore it is
possible to represent the concentrations in an even more detailed grid than the grid used in the
HD calculations without compromising the calculation time of the models.

To give a good representation of the concentration levels an initial sensitivity study is made on
the number of particles to ensure independency of the results to the used number of particles.
On this basis 2000 particles per time step is used to represent the sediment spill.

Hydrographic scenarios

The modelling is carried out using actual hind-casted hydrographic scenarios. Meaning that the
modelling is carried out for a real design period as opposed to an artificial situation the
representative design period should within a short period of time (approximately one month)
reflect conditions that are typically seen and that characterise long-term data.

The scenario periods are chosen to represent different current conditions (for transport
modelling) and different stratification conditions.

On the basis of current, salinity and temperature time series from the hydrodynamic model,
scenario periods are selected to represent:

. Summer, typical (calm conditions / weak currents and high stratification)
. Normal conditions (average currents and stratification for an entire year)
o Winter, typical (rough conditions / strong currents and low stratification)

Nord Stream 2 - Modelling of sediment spill in Finland Document No. W-PE-EIA-PFI-REP-805-030400EN-07



Page 4 of 77

The terms “summer”, “normal” and “winter” reflect the fact that relatively calm summer
conditions result in reduced particle spreading over a small area close to the point where a
substance is released, whereas relatively rough winter conditions cause transport further away
from the point of release under larger dilution.

When a particle (or a quantity of dissolved substance) is released, it is transported by the
ambient water. The net transport (linear distance between the start and the end of the
trajectory) is in the following chosen to be the measure for characterising the above-mentioned
hydrographic scenario periods in relation to transport and spreading.

A time series of monitoring data and model data for the locations shown in Figure 3-1 has been
analysed for a three-year period, starting in autumn 2009. Measured current velocities are
acquired from Acoustic Doppler Current Profiler (ADCP) measurements at locations P5 and P6,
obtained from the Nord Stream monitoring program. Time series of modelled currents are
extracted from the hydrodynamic model positions (P1 to P4) shown in Figure 2-1. Temperature
and salinity data are extracted from positions P1 to P6.
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Figure 2-1 Positions of time series data from the MIKE 3 hydrodynamic model and ADCP

measurements. The black line represents the position of NSP2.

On the basis of time series from the six positions shown on Figure 2-1, the three mentioned
scenario periods are chosen with respect to particle transport and temperature/salinity
stratification.

On the basis of evaluations of accumulated frequency diagrams for particle transport distances
and evaluations of isopleth plots for salinity and temperature stratifications, the following
scenario periods are chosen:

Normal conditions
April 2010: Represents average current conditions with average particle transport capacity and
average temperature and salinity stratification.

Calm conditions (summer)

June 2010: Represents calm current conditions with little particle transport capacity and
relatively strong temperature and salinity stratification.

Nord Stream 2 - Modelling of sediment spill in Finland Document No. W-PE-EIA-PFI-REP-805-030400EN-07
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Rough conditions (winter)
November 2010: Represents relatively strong current conditions with high particle transport
capacity and relatively low temperature and salinity stratification (but without ice coverage).

Further details about the choice of periods can be found in the modelling basis report, /1/.
The hydrographic forcing (current fields) is simulated by a calibrated MIKE 3 hydrodynamic (HD)

model. For detailed information on the set-up and calibration of the hydrodynamic model, see
/3/.
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SEABED INTERVENTION SCENARIOS

Construction activities in the Finnish EEZ cover both rock placement and munition clearance —
and for both the rock placement and munitions clearance activities both dispersion of sediment
spill and spill of chemical compounds contained in the sediment is modelled.

Rock placement

The rock placement scenarios are based on EIA1 data for Finland, /6/. EIAl is an early stage set
of project assumption that is defined and supplied by NPS2. EIA1 is characterised as moderately
conservative. The seabed intervention scenarios based on the EIA1l data covering rock placement
operations is divided into two scenarios:

e Rock placement for line A
e Rock placement for line A, alternative route (including both Z35 Altl1_01 and Z34 Alt2_01)

In both scenarios the modelling has been carried out for line A. Line B is expected to give similar
impacts to the impacts calculated for line A. The rock placement volumes are shown in Table 3-1.

Table 3-1: Rock placement volumes used in the model scenarios

Rock volume — line A Rock volume — line A,

Alternative route

(m*) (m*)
Pre-lay 163,600 221,500
Post-lay 629,600 670,800
Pipeline crossings 18,700 18,700
Tie-in 80,000 80,000
In-service buckling mitigation 210,500 220,500
Total 1,102,500 1,211,500

The rock placement scenario for line A has been modelled for the normal, summer and winter
conditions. The alternative route has only been modelled using winter conditions. The winter
conditions are chosen, because it is assumed to give an impact in the largest area of the three
hydrographic scenarios. The alternative route is described further in the next section.

Rock placement is anticipated to be carried out with a speed of 20.000 t/day. In simulations no
time for relocation of the equipment is included. This is a conservative assumption, but necessary
in order to limit the simulation period to the design period. For line A, based on these
assumptions, the rock placement operations will cover a period of 93 days if all intervention
works are done by one vessel. In the modelling, three rock placement vessels have been
assumed as working simultaneously from different locations along the pipeline, to keep the total
work time close to the design hydrographic periods of 30 days. That will be conservative
compared to a working period of 93 days.

The rock volumes are split into the three vessels the following way. One vessel carries out the
pre-lay intervention works, the pipeline crossings and the spot gravel dumping (33 days of work),
the second vessel is assumed doing the main part of the postlay intervention works (30 days of
work) and the third vessel finishes the postlay intervention works and the construction of the
hyperbaric tie-in (30 days of work).

For line A - Alternative route the working period is increased due to an increase in rock volumes
to handle. In total, there is an increase in working period of 9 days, divided between the three

vessels it gives an increase of three days.

The spill rates are calculated on the basis of guidelines in /5/, assuming that

Nord Stream 2 - Modelling of sediment spill in Finland Document No. W-PE-EIA-PFI-REP-805-030400EN-07
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e 30% of the rock volume contributes to the spilling
e a velocity of the falling rock inside a tube of 1.44 m/s
e 10% of the total energy will cause a resuspension of sediments

The total calculated spill from rock placement operations for line A and line A Alternative route is
2592 T and 2850 T respectively. The rock volumes for all construction works and corresponding
spill rates divided on the individual rock berms and sediment fractions are shown in Appendix 3.

3.1.1 Rock placement locations

The rock placement operation works used for the model scenario for line A in Finland are shown
in Figure 3-1, Figure 3-2 and Figure 3-3. The planned seabed intervention works for pre-lay,
post-lay and pipeline crossing is also shown in appendix 4 in a larger scale. As seen in the figures
some sections are split into two and mark the alternative pipeline route. As it has not yet been
decided which of the two routes shall be used both are modelled. The Southern route includes
Line A Alternative route 01 — Z35 and Line A Alternative route 02 — Z34 as specified in /6/. In
this report the alternative pipeline route including the lines Z35 and Z 34 will be referred to as
“Line A Alternative route”.

NSP2 Route Rock placement locations: | Natura 2000 site
Termitonal water border . Pre-lay
EEZ barder ¢ Post-lay, 2nd phase
Mand bordar A Post-lay, 3rd phase
. Crossing
Figure 3-1 Map of Finnish EEZ with planned seabed intervention works (pre-lay, post-lay and

pipeline crossing)

Nord Stream 2 - Modelling of sediment spill in Finland Document No. W-PE-EIA-PFI-REP-805-030400EN-07
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APRIE N3 |30 ey
" &6 Off Rodd

——— NSP2 Route T natura 2000 site

===-- Temtonal water border ——— Spot gravel dumping
———— EEZ border
....... Lland barder
Figure 3-2 Map of Finnish EEZ with planned seabed intervention works (in-service buckling
mitigation)

Figure 3-3 Map of Finnish EEZ with planned seabed intervention works (Hyperbaric tie-in)
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Munitions clearance

Sediment dispersion due to munition clearance is modelled using a generic scenario. Four
locations in the Gulf of Finland are chosen and the locations are selected either in areas with a
high density of monitions (locations SED2-SED4) or in the vicinity of protected areas (location
SED1) (as shown in Figure 3-4). The locations SED1-SED4 refer to Figure 3-4. The generic
scenario is based on clearance of typical midsize charge (30-64 kg) and clearance of typical
large-size charge (100-350 kg). The charge sizes and crater volumes have been found from
analysis of the munitions clearance monitoring during NSP. Documentation is found in /1/.

At each location six munitions with a distance of 1 km are assumed to be cleared one at a time
with 24 hours between each clearance. The six munitions cleared at each location are shifting
between medium and large size munitions with a crater volume of 20 m? and 42 m? respectively.
See /1/ for definition of medium and large size craters and estimation of crater volumes.

The crater volumes and number of munitions are shown in Table 3-2 below.

Table 3-2 Munitions clearance (generic scenario).
ID number* Charge sizes Number of munitions Crater volume
[m°]
SED1 Large 3 42
Medium 3 20
SED2 Large 3 42
Medium 3 20
SED3 Large 3 42
Medium 3 20
SED4 Large 3 42
Medium 3 20

> ID refers to numbering in Figure 3-4

All the scenarios cover a clearance of 24 munitions half of which are medium sized and half of
which is large sized. The total sediment volume released during the munitions clearance is 744
m3. The duration of the scenario is 24 days.

The spill of sediment is anticipated to be the total content of fines (grain-sizes below 0.2 mm)
within in the crater. This content is estimated on basis of the density of the specific sediment
type [kg/m?3], the dry matter content in the specific sediment type and the percentage of fines in
the specific sediment type. The sediment characteristics are described in chapter 4. The total
sediment spill is calculated to be 1030 tonnes.

The sediments are anticipated to be released momentarily — during one time step (half an hour) -
in the model simulations.

Munitions clearance locations

The munitions clearance locations used for the modelling are shown in Figure 3-4. The base map
shows the munitions density in the Gulf of Finland.

Nord Stream 2 - Modelling of sediment spill in Finland Document No. W-PE-EIA-PFI-REP-805-030400EN-07
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NSP2 Route . Sadimant rnndalrmg locations
Territarial water border
—— EEZ bordar
Kand bardar
Figure 3-4 Map of Finnish EEZ with indication of munitions clearance sites for generic scenario. Each

of the sites SED1 — SED4 consists of six charges. The underlying base map shows known
locations of munitions (dot), while the contour shows the relative density of munitions
(not absolute scale), /77/.

Release of contaminants

Chemical compounds with the potential to cause ecotoxicological effects on the Baltic ecosystems
and/or bioaccumulate have been deposited over centuries on the seabed of the Baltic Sea or the
compounds are naturally present in the area. During the establishment of the gas pipeline,
sediments can be re-suspended, thus mobilising some of these chemical compounds, with the
potential to cause possible effects on organisms inhabiting the Baltic Sea.

The content of contaminates in the sediment has been estimated based on samples from the Gulf
of Finland collected during the Nord Stream project. The results are presented as the 95%
percentile of the series of samples and are shown in table 3-3.

In order to cause toxicological effects, a chemical compound has to be bioavailable, i.e. dissolved
and in a chemical form that can be taken up by organisms and/or interact with receptors.
Desorption and bioactivity factors are specific for specific contaminates. The values are discussed
in /1/. The factors are summarised in Table 3-3.

The dispersion of contaminants is modelled similar to the dispersion modelling for sediment. Only
the dissolved and bioactive fraction is modelled. Consequently, the contaminants are not settling
and for precautionary reasons, no decay is assumed. The model results are given as
concentration of dissolved/bioactive contaminants and are denoted as predicted environmental
concentration (PEC). This is the estimated exposure concentration in the water body based on
spill and spreading.

Nord Stream 2 - Modelling of sediment spill in Finland Document No. W-PE-EIA-PFI-REP-805-030400EN-07
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The predicted no-effect concentration (PNEC) has been compiled, see /1/. The PNEC estimates
lower limit of the concentration range in the water body known to cause effects. Relevant PNEC
values are presented in Table 3-3.

The relative toxicity is estimated. The relative toxicity is quantified as the ratio between the
predicted no-effect concentration (PNEC) and the predicted environmental concentration (PEC).
The relative toxicity is given in Table 3-3. It is seen that the relatively most toxic substances are
assumed to be Benzo(a)pyrene (PAH), WHO (2005) PCDD/F TEQ upper (Dioxin/Furans) and Zinc
in descending order.

Table 3-3 Observed concentration of contaminants based sediment samples from Gulf of Finland
collected during NSP1. The results are presented as the 95%0 percentile of the samples. Relative toxicity
expressed as the volume of water required to dilute the contaminant due to release of one kilogram of
dry matter (DW). Red indicates the most critical compound, yellow the second most critical and green
the third most critical compound.

Chemical Desorption | Bioactivity Concentration |[Concentration PNEC Relative
compound in sediment of (in excess | toxicity

desorbed to

/bioactive background)

mg/kg DW mg/kg DW mg/m=3 msc\lfg
Metal
Arsenic, As 50% 25% 35.8 4.48 0.6 7.5
Cadmium, Cd 50% 25% 1.80 0.225 2 -
Mercury, Hg 50% 25% 0.070 0.00875 0.05 -
Zinc, Zn 50% 25% 224 28.0 3.4 8.2
Lead, Pb 50% 25% 42.7 5.34 0.83 6.4
Copper, Cu 50% 25% 49.4 6.18 0.9 6.9
Nickel, Ni 50% 25% 55.1 6.89 8.6 -
Organotin
Tributyltin, TBT 10% 100% 0.0767 0.00767 0.0015 5.1
PAH
10% 100% 0.170 0.017 0.00017 -

Dioxin/Furans
TWEI-(IQOu(prOeC:FS) He el 10% 100% 20.3E-06 2.03E-06 1.00E-07 20.3

Nord Stream 2 - Modelling of sediment spill in Finland Document No. W-PE-EIA-PFI-REP-805-030400EN-07
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Summary

An overview of the input to the model simulations are given in Table 3-3.

Table 3-3

Scenario
o1

Summary of input to model simulations

Fl-

Rock placement

Rock placement —
Alternative route

Page 12 of 77

Munitions Clearance

Locations Gulf of Finland Gulf of Finland Gulf of Finland
Route NSP2 line A NSP2 line A — inclusive NSP2 line A
alternative route Z35
and Z34
Activity Rock placement Rock placement Munitions clearance
Method Fall-pipe Fall-pipe Blasting
Speed 20,000 T/day 20,000 T/day One blasting per 24 h
Scope 248 locations (+46 spot | 248 locations (+51 spot | Four locations with 6
gravel sections) gravel sections) six munitions each
place
Volume 1,102,500 m? 1,211,500 m® 744 m®
Duration 35 days 38 days 24 days
Spill <0.5% 0.08-0.36 | <0.5% 0.08-0.36 | 1009% of fines (1030 T)
(2592 1) kg/s (2850 1) kg/s
Parameters Sediment, Sediment Sediment,
Contaminants Contaminants
Weather Normal, winter, summer | Winter Normal, winter,
summer
Comment Based on EIA1 data, /6/ | Based on EIA 1data, /6/ | Generic scenario

Nord Stream 2 - Modelling of sediment spill in Finland
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SEDIMENT CHARACTERISTICS

General description of sediments

This section presents an analysis of the sediment samples and the model input for the seabed
intervention works planned in Finnish EEZ.

The characterisation of the sediment to be re-suspended in Finland is based on sediment
classification maps from Geologian Tutkimuskeskus (Geological Survey of Finland) (GTK), /3/.
The classes applied in this context are:

Bedrock

Hard bottom complex
Hard clay

Mud

Sand

aprwDNE

According to GTK there are in general four classes of sediments (2, 3, 4 and 5) represented in
the area of seabed intervention works in Finnish EEZ, see Figure 4-4.

Each sediment class is characterised on the basis of sediment distribution analyses of samples
within each of the classified areas. For example, all grain size distributions within areas classified
as “hard clay” are grouped into one class and a characteristic grain size distribution is estimated.
The characteristic grain size distributions are shown on Figure 4-1. For full details on the
methodology and the detailed estimation, see /1/.

GTK sediment types (average values)
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0.001 0.01 0.1
Grain size d (mm)}
Figure 4-1 Average values for GTK sediment types. Vertical dashed-lines are the mean values

represented Table 4-1.

The grain size distributions are divided into six different particle fractions, which will be used in
the modelling: very fine sand (0.06-0.125 mm), coarse silt (0.03-0.06 mm), medium silt (0.015-
0.03 mm), fine silt (0.008-0.015 mm), very fine silt (0.004-0.008 mm) and clay (<0.004 mm).
For each of the GTK sediment types the amount (percentage) of sediment within each fraction is
determined on the basis of the curves shown in Figure 4-1. The sediment types are characterised
by these percentages as e.g. type 4 (mud) contains 63% within the clay fraction and 2% within
the fine sand fraction, while type 5 (sand) contains 10% within the clay fraction and 10% within
the fine sand fraction. The full description of the percentage of the particle fractions for each
sediment type can be found in /1/.

Nord Stream 2 - Modelling of sediment spill in Finland Document No. W-PE-EIA-PFI-REP-805-030400EN-07
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The coarser sediment fractions (coarser than 0.125 mm) are not taken into consideration in this
context because they will settle in the proximity of the seabed intervention works and therefore
will not influence the environment outside the immediate work area.

Table 4-1 shows the grain size ranges for each of the fractions used in the modelling. The
representative logarithmic mean grain sizes are also shown in the table.

Settling velocities are estimated for each fraction in /1/ on the basis of average water properties
for the Gulf of Finland. Settling velocities are also given in Table 4-1.

Table 4-1 Grain size range and corresponding settling velocity.

Sediment spill class Lower grain Upper grain Mean (In) grain Settling
size limit size limit size within velocity

(mm) (mm) range (m/s)

(mm)

Very fine sand 0.0625 0.1250 0.0902 0.0032
Coarse silt 0.0310 0.0625 0.0338 0.00089
Medium silt 0.0156 0.0310 0.0225 0.0004
Fine silt 0.0078 0.0156 0.0169 0.00025
Very fine silt 0.0039 0.0078 0.0056 0.00013
Clay - 0.0039 0.0028 0.000069

The water content and the content of dry matter are estimated in /1/ but water content and dry
weight used in the modelling are given in Table 4-2. For full details, see /1/.

Table 4-2 Estimated average water/dry content matter given as weight percentage of total wet
weight — Finland.

Sediment type Dry weight Water content
(€] (€]

Mud 50 50
Hard clay 80 20
Hard bottom complex 80 20
Sand 75 25

There is a discrepancy between the given water contents which we refers in /1/ and the description of the
samples. The water content seems unrealistic high. Applying those questionable water contents would
lead to low sediment releases. As a precautionary measure we applied lower water content based on our
best professional knowledge.

Nord Stream 2 - Modelling of sediment spill in Finland Document No. W-PE-EIA-PFI-REP-805-030400EN-07
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Sediment types at rock placement and munitions locations

Figure 4-2 depicts the rock placement locations and the corresponding sediment types and Figure
4-3 shows the in-service buckling mitigation sections and corresponding sediment types. For the
in-service buckling mitigation sections it is assumed that rock berms are placed minimum 50 m

o 5
H5F Routs =] Hyperbaric De in SE0ImERt types GTR Hard ciay
Territorial wabter border ®  Hock placemnent B i e
———  FET horder I +srd bottom compies Sad
Riang porder
igure 4-2 Locations of rock placement and sediment classification, GTK, /74/.

n %
N5P2 Route m— e A spor gravel  Sediment tyees GTE Hard ciay
Terrerial waber Barder N ook N i
EEL boadér I fiecd bottom complex Sanri
Mand berdes
Figure 4-3 Locations of in-service buckling mitigation and sediment classification , GTK, /4/. Rock

berms are placed per 50 m on sections where rock placement is planned.

Figure 4-4 depicts the four munitions clearance locations and the corresponding sediment types.
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L
- WSFZ Roule & Sedimnent medelling lecation  Seabed sediments: Hard clay
----- Tarritorial water border Bl cedrock I tud
——— EEZ bordar I Herd bottem complex Sand
= Rland border
Figure 4-4 Locations for munition clearance (six spots in each location) and sediment classification

map, GTK, 74/.
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MODEL RESULTS - SEDIMENT

This chapter presents the results of the modelling of the seabed intervention works. The results
are presented as two-dimensional maps of the depth integrated concentrations.

Sediment is released close to the seabed, for rock placement modelling 2 m above the seabed
and for munitions clearance 15 m above the seabed. This is evaluated on basis of the type of
intervention works and experience from NSP as described in, /1/ .Due to the location of the
release and because sediment is settling through the water column, the highest sediment
concentrations are found near the seabed. Therefore all results related to suspended sediment
from rock placement are based on an average of the lower 10 m of the water column. For
munitions clearance additional plots representing maximum sediment concentrations over the
interval 10-20 m above the seabed are shown — due to the release 15 m above sea bed. The
concentrations from the interval 10-20 m above the seabed for munitions clearance are shown to
document if the higher concentrations are seen in the layers above the lowest 10 m in this
scenario.

The maps show the following parameters:

¢ The maximum concentration of suspended sediment occurring under the entire simulation
period.

e Duration of exceedance of 2 mg/l (in excess to background concentration in the Baltic Sea).
This is the accumulated period of time in hours during which the concentration of suspended
material exceeds 2 mg/l during rock placement. Other thresholds of 10mg/l and 15mg/I are
also depicted for the munitions clearance scenarios. For the rock placement scenarios, these
thresholds are not shown because of the very limited duration of these thresholds, which
would be invisible on the maps.

e Sedimentation, which is expressed as g/m?. The corresponding thickness depends on the
density, which again is dependent on the consolidation of the material. Considering fluffy
sediment with a dry matter content of 100 kg/m® means that a 1 mm thickness corresponds
to a sedimentation of 100 g/m?. A higher degree of consolidation (consequently higher
density) corresponds to a thinner layer thickness for the same sedimentation e.g. 100 g/m?.

The results for rock placement are presented in the following sections. The figures presenting the
results are summarised in Table 5-1.

Nord Stream 2 - Modelling of sediment spill in Finland Document No. W-PE-EIA-PFI-REP-805-030400EN-07
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Table 5-1

Rock
placement
(Line A)

Rock

placement
(Line A
Alternative
route)

Munitions
clearance

Overview of modelling results.
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Seabed intervention work Annual Summer Winter
/normal

Maximum concentration of Figure 5-1, Figure 5-3, Figure 5-5,
suspended sediment Figure 5-2 Figure 5-4 Figure 5-6
Duration of exceeding threshold Figure 5-7, Figure 5-9, Figure 5-11,
concentration 2mg/| Figure 5-8 Figure 5-10 | Figure 5-12
Sedimentation Figure 5-13, | Figure 5-15, | Figure 5-17,
Figure 5-14 Figure 5-16 Figure 5-18

Maximum concentration of Figure 5-19,
suspended sediment Figure 5-20
Duration of exceeding threshold Figure 5-21,
concentration 2mg/I Figure 5-22
Sedimentation Figure 5-23,
Figure 5-24

Maximum concentration of Figure 5-25, | Figure 5-27, | Figure 5-29,
suspended sediment Figure 5-26 | Figure 5-28 | Figure 5-30
Duration of exceeding threshold Figure 5-31, | Figure 5-33, | Figure 5-35,
concentration 2mg/| Figure 5-32 | Figure 5-34 | Figure 5-36
Duration of exceeding threshold Figure 5-37, | Figure 5-39, | Figure 5-41,
concentration 10mg/I Figure 5-38 Figure 5-40 | Figure 5-42
Duration of exceeding threshold Figure 5-43, | Figure 5-45, | Figure 5-47,
concentration 15mg/I| Figure 5-44 | Figure 5-46 | Figure 5-48
Sedimentation Figure 5-49 | Figure 5-50 | Figure 5-51

Rock placement

Figure 5-1 and Figure 5-2 show the highest concentration observed under normal conditions.

Nord Stream 2 - Modelling of sediment spill in Finland
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Figure 5-1 Maximum concentration of suspended sediment for rock placement under annual/normal
hydrographic conditions. Western part of the Gulf of Finland.

— WS Route Rock placement - normal hydrography B 1520
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Figure 5-2 Maximum concentration of suspended sediment for rock placement under annual/normal
hydrographic conditions. Eastern part of the Gulf of Finland.

Figure 5-3 and Figure 5-4 show the highest concentration observed under typical summer
conditions.
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Figure 5-3

Maximum concentration of suspended sediment for rock placement under typical summer
conditions. Eastern part of the Gulf of Finland.
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Figure 5-4

Maximum concentration of suspended sediment for rock placement under typical summer

conditions. Western part of the Gulf of Finland.

Figure 5-5 and Figure 5-6 show the highest concentration observed under typical winter
conditions.
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Figure 5-5 Maximum concentration of suspended sediment for rock placement under typical winter

conditions. Eastern part of the Gulf of Finland.
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Figure 5-6 Maximum concentration of suspended sediment for rock placement under typical winter

conditions. Western part of the Gulf of Finland.
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Figure 5-7 and Figure 5-8 show the duration for which the concentration threshold of 2 mg/I is
exceeded during the rock placement section under normal conditions. The largest value observed
is 43 hours.

s NSPD Route Rock placemant - normal hydrography
Tarritodial wiater bordar Duration of exceeding threshold comcentrations [Img/) in hours
——— EEZ boedar ke

Figure 5-7 Duration of exceeding 2 mg/l for rock placement under annual/normal hydrographic
conditions. Eastern part of the Gulf of Finland.

! o

- normal hydrography
aucaedng threshold cancantrations { 2mafl) in hows

Figure 5-8 Duration of exceeding 2 mg/l for rock placement under annual / normal hydrographic
conditions. Western part of the Gulf of Finland.
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Figure 5-9 and Figure 5-10 show the duration for which the concentration threshold of 2 mg/Il is
exceeded during the rock placement section under typical summer conditions. The largest value
observed is 165 hours caused by extremely calm local current conditions during the summer
period and a long period of sediment release at one single spot.

Figure 5-9 Duration of exceeding 2 mg/l for rock placement under typical summer conditions.
Eastern part of the Gulf of Finland.

» gepy

lﬁp‘lhhrh Rock placement - summer hydrography

Tar —— ﬁ.lrl'ln;r-dl' snceading threshald concentraticns { 2mg) in houry
———  EEZ bordar -
wes Ml boster B 724
B raturs 2000 site - 38
. -9
Figure 5-10 Duration of exceeding 2 mg/l for rock placement under typical summer conditions.

Western part of the Gulf of Finland.
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Figure 5-11 and Figure 5-12 show the duration for which the concentration threshold of 2 mg/I is
exceeded during the rock placement section under typical winter conditions. The largest value
observed is 24 hours.

——— W5F3 Route Roek placament - winter hydragraphy
..... Tarritanal water bordss  DETRUION of ding thiesheld Erations [3mg/l) in hours
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B M- 36
[ R

Duration of exceeding 2 mg/I for rock placement under typical winter conditions. Eastern
part of the Gulf of Finland.

Figure 5-11
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Figure 5-12 Duration of exceeding 2 mg/l for rock placement under typical winter conditions.

Western part of the Gulf of Finland.
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Figure 5-13 and Figure 5-14 show the sedimentation at the last time step of the simulation under
normal conditions.

wr

— WSPZ Riie Rock placement - normal hydrography 500 - 1,000
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N 200 - 509
Figure 5-13 Sedimentation of released material due to rock placement under annual / normal

hydrographic conditions. Eastern part of the Gulf of Finland.
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Figure 5-14 Sedimentation of released material due to rock placement under annual / normal
hydrographic conditions. Western part of the Gulf of Finland.
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Figure 5-15 and Figure 5-16 show the sedimentation at the last time step of the simulation under
typical summer conditions.
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Figure 5-15 Sedimentation of released material due to rock placement under typical summer

conditions. Eastern part of the Gulf of Finland.
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Figure 5-16 Sedimentation of released material due to rock placement under typical summer
conditions. Western part of the Gulf of Finland.
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Figure 5-17 and Figure 5-18 show the sedimentation at the last time step of the simulation under
typical winter conditions.

wr

— WSPE Route Rock placement - winter hydrography | 5001 - 1,000
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Figure 5-17 Sedimentation of released material due to rock placement under typical winter

conditions. Eastern part of the Gulf of Finland.
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Figure 5-18 Sedimentation of released material due to rock placement under typical winter

conditions. Western part of the Gulf of Finland.
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5.1.1 Line A Alternative route
For Line A Alternative route, the results for the winter scenario are given in Figure 5-19 to Figure
5-24 — only the winter scenario is modelled. Figure 5-19 and Figure 5-20 show the highest
concentration observed under typical winter conditions for Line A Alternative route.

o 1 e e
— NEP] Moute Rock placement alternative route - winter hydrography o 15-70
Tervitorial water borger  Haimum concemtraton of fuipandsd sedemant (mgT) - -5
—— EEZ botder 0-2 B s
B tatura 2000 it | -
s

B 10 - 15

Figure 5-19 Maximum concentration of suspended sediment for rock placement under typical winter
conditions. Line A Alternative route. Eastern part of the Gulf of Finland.

Rock placermnent alternative route - winter hydrography
- Tarrdodial waber border  ManTmum cencentraton of suspended sedemant (mg)
S a-2
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—— Mard bordes . s
B rsturs 2000 ste . -

L RUERL

Figure 5-20 Maximum concentration of suspended sediment for rock placement under typical winter
conditions. Line A Alternative route. Western part of the Gulf of Finland.
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Figure 5-21 and Figure 5-22 show the duration for which the concentration threshold of 2 mg/l is
exceeded during the rock placement section under typical winter conditions for the alternative
route. The largest duration observed is 32 hours.
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e WEPY ROuta Rock placemant alternative routs - winter hydrography
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—— EEZ border
| R

B aturs 2000 sitn —Br
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Figure 5-21 Duration of exceeding 2 mg/I for rock placement under typical winter conditions. Line A

Alternative route. Eastern part of the Gulf of Finland.
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Figure 5-22 Duration of exceeding 2 mg/I for rock placement under typical winter conditions. Line A

Alternative route. Western part of the Gulf of Finland.
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Figure 5-23 and Figure 5-24 show the sedimentation at the last time step of the simulation under
typical winter conditions for Line A Alternative route.

s M5P2 Route Rock placemant alternative route - winter hydrography S04 - 1,000

- Eerriprial water bordar  Sadmentation (gfmT) B 1,000 - 2,000
e EEZ botdar 0-50 B 2,000 - 5,000
B riaturs 2004 site . -0 B 5,000 - 10,000
B 100 - 300 B 10,000 - 30,000
BN 00 - 500
Figure 5-23 Sedimentation of released material due to rock placement under typical winter

conditions. Line A Alternative route. Eastern part of the Gulf of Finland.
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Figure 5-24 Sedimentation of released material due to rock placement under typical winter
conditions. Line A Alternative route. Western part of the Gulf of Finland.
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Munitions clearance

Figure 5-25 shows the highest concentrations observed during munition clearance operations
under normal conditions in the lower 10m of the water column. Figure 5-26 shows the highest

concentrations observed during munition clearance operations under normal conditions between
10m and 20m above seabed.
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Figure 5-25 Maximum concentration of suspended sediment for munitions clearance under

annual/normal hydrographic conditions. 0O-10m above the seabed.
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Nord Stream 2 - Modelling of sediment spill in Finland
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Figure 5-27 shows the highest concentrations observed during munitions clearance operations
under typical summer conditions in the lower 10m of the water column. Figure 5-28 shows the
highest concentrations observed during munitions clearance operations under summer conditions
between 10m and 20m above the seabed.
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Figure 5-27 Maximum concentration of suspended sediment for munitions clearance under typical

summer conditions. Om-10m above the seabed.

=7
Munitien clearance 10-20m sbove bottom - summer hydragraphy

= WE&PY Routs 15 - 20
Taritorial watnr border Mawmum cancantranion of suspanded wdimant (mpf) B -2
o-2 2 - 50
——— EET border i . - 100
B o 3000 site i *  Munihon chaannos posinns
BN 10-15

Figure 5-28 Maximum concentration of suspended sediment for munitions clearance under typical

summer conditions. 10m-20m above the seabed.
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Figure 5-29 shows the highest concentrations observed during munitions clearance operations
under typical winter conditions in the lower 10m of the water column. Figure 5-30 shows the
highest concentrations observed during munitions clearance operations under winter conditions
between 10m and 20m above the seabed.
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Figure 5-29 Maximum concentration of suspended sediment for munitions clearance under typical

winter conditions. Om-10m above the seabed.
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Figure 5-30 Maximum concentration of suspended sediment for munitions clearance under typical

winter conditions. 10m-20m above sea bed.
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Figure 5-31 shows the duration for which the concentration threshold of 2 mg/l is exceeded
during the munitions clearance operations under normal conditions in the lower 10m of the water
column. The largest value observed is 24 hours. Figure 5-32 shows the exceedance of 2mg/I
observed during munitions clearance operations under normal conditions between 10m and 20m
above the seabed. The largest value observed is 21 hours.
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Figure 5-31 Duration of exceeding 2 mg/l for munitions clearance under annual / normal

hydrographic conditions. Om-10m above the seabed.
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Figure 5-32 Duration of exceeding 2 mg/l for munitions clearance under annual / normal

hydrographic conditions. 10m-20m above the seabed.
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Figure 5-33 shows the duration for which the concentration threshold of 2 mg/l is exceeded
during the munitions clearance operations under typical summer conditions in the lower 10m of
the water column. The largest value observed is 23 hours. Figure 5-34 shows the highest
exceedance of 2mg/l observed during munitions clearance operations under summer conditions
between 10m and 20m above the seabed. The largest value observed is 15 hours
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Figure 5-33 Duration of exceeding 2 mg/l for munitions clearance under typical summer conditions.

Om-10m above the seabed.
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Figure 5-34 Duration of exceeding 2 mg/l for munitions clearance under typical summer conditions.

10m-20m above the seabed.
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Figure 5-35 shows the duration for which the concentration threshold of 2 mg/l is exceeded
during the munitions clearance operations under typical winter conditions in the lower 10m of the
water column. The largest value observed is 20 hours. Figure 5-36 shows the highest exceedance
of 2mg/I observed during munitions clearance operations under winter conditions between 10m
and 20m above the seabed. The largest value observed is 12 hours.
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Figure 5-35 Duration of exceeding 2 mg/l for munitions clearance under typical winter conditions.

Om-10m above the seabed.
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Figure 5-36 Duration of exceeding 2 mg/l for munitions clearance under typical winter conditions.

10m-20m above the seabed.
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Figure 5-37shows the duration for which the concentration threshold of 10 mg/I is exceeded
during the munitions clearance operations under normal conditions in the lower 10m of the water
column. The largest value observed is 13 hours. Figure 5-38 shows the highest exceedance of
10mg/I observed during munitions clearance operations under normal conditions between 10m
and 20m above the seabed. The largest value observed is 12 hours.
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Figure 5-37 Duration of exceeding 10 mg/l for munitions clearance under annual / normal

hydrographic conditions. Om-10m above the seabed.
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Figure 5-38 Duration of exceeding 10 mg/l for munitions clearance under annual / normal

hydrographic conditions. 10m-20m above the seabed.
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Figure 5-39 shows the duration for which the concentration threshold of 10 mg/l is exceeded
during the munitions clearance operations under typical summer conditions in the lower 10m of
the water column. The largest value observed is nine hours. Figure 5-40 shows the highest
exceedance of 10mg/l observed during munitions clearance operations under summer conditions
between 10m and 20m above the seabed. The largest value observed is six hours.
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Figure 5-39 Duration of exceeding 10 mg/I for munitions clearance under typical summer conditions.

Om-10m above the seabed.
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Figure 5-40 Duration of exceeding 10 mg/l for munitions clearance under typical summer conditions.

10m-20m above the seabed.
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Figure 5-41 shows the duration for which the concentration threshold of 10 mg/l is exceeded
during the munitions clearance operations under typical winter conditions in the lower 10m of the
water column. The largest value observed is seven hours. Figure 5-42 shows the highest
exceedance of 10mg/l observed during munitions clearance operations under winter conditions
between 10m and 20m above the seabed. The largest value observed is nine hours
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Figure 5-41 Duration of exceeding 10 mg/l for munitions clearance under typical winter conditions.

Om-10m above the seabed.
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Figure 5-42 Duration of exceeding 10 mg/l for munitions clearance under typical winter conditions.

10m-20m above the seabed.
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Figure 5-43 shows the duration for which the concentration threshold ofl5 mg/l is exceeded
during the munitions clearance operations under normal conditions in the lower 10m of the water
column. The largest value observed is 10 hours. Figure 5-44 shows the highest exceedance of
15mg/l observed during munitions clearance operations under normal conditions between 10m

and 20m above the seabed. The largest value observed is 11 hours.

WEPY Houts Mumnigian o = il byl & Munition dearscs posftiony

Tairioaal witir Botder mg of excendsrce (fhveehold comcentrations {1 5mgd) in howrs
=1
FEL Nmder -
B risturn 000 site -
- -
[ e
Figure 5-43 Duration of exceeding 15 mg/l for munitions clearance under

hydrographic conditions. Om-10m above the seabed.

WEPY Routs Munition clearance 10-30m sbove battom - ] by L

Tairioaal witir Botder mg of excendsrce heehold comcentrutions { §5maA) in howrs
=1
FEL Nmder -
B risturn 000 site -
- -
[ e
Figure 5-44 Duration of exceeding 15 mg/l for munitions clearance under

hydrographic conditions. 10m-20m above the seabed.

annual/normal

annual/normal
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Figure 5-45 shows the duration for which the concentration threshold of 15 mg/l is exceeded
during the munitions clearance operations under typical summer conditions in the lower 10m of
the water column. The largest value observed is eight hours. Figure 5-46 shows the highest
exceedance of 15mg/l observed during munitions clearance operations under summer conditions
between 10m and 20m above the seabed. The largest value observed is six hours.

WEPY Routs Munition o = summar kydrography &  Munition dearssce posftion

Tairioaal witir Botder mg of excendsrce (fhveehold comcentrations {1 5mgd) in howrs
=1
FEL Nmder -
B risturn 000 site -
- -
[ e
Figure 5-45 Duration of exceeding 15 mg/l for munitions clearance under typical summer conditions.

Om-10m above the seabed.

&P Houts Munition clearsnce 10-30m above bottom - summer hydrography  ©  Muntion dearance postions

Tairioaal witir Botder mg of excendsrce heehold comcentrutions { §5maA) in hewrs
=1
FEL Nmder -
B risturn 000 site -
- -
L
Figure 5-46 Duration of exceeding 15 mg/l for munitions clearance under typical summer conditions.

10m-20m above the seabed.
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Figure 5-47 shows the duration for which the concentration threshold of 15 mg/l is exceeded
during the munitions clearance operations under typical winter conditions in the lower 10m of the
water column. The largest value observed is 5 hours. Figure 5-48 shows the highest exceedance
of 15mg/I observed during munitions clearance operations under winter conditions between 10m
and 20m above the seabed. The largest value observed is five hours.

WEPY Houts Mumnigian o = wrinter hyd by & Munition dearscs posftiony

Tairioaal witir Botder Durlb:nflnwdrm1lvnhﬂ;m;n;milwfjmm
=1
——— EEZ border -
B risturn 000 site -
- -
[ EIEET
Figure 5-47 Duration of exceeding 15 mg/l for munitions clearance under typical winter conditions.

Om-10m above the seabed.

WEPY Routs Munition clearance 10-30m above bottom - winter hydrography = M claarsnce |

Tairioaal witir Botder mg of excendsrce threehold comcentrutions { §5mgd] in howrs
=1
—— EEZ border -
B risturn 000 site -
- -
[ EIEET
Figure 5-48 Duration of exceeding 15 mg/l for munitions clearance under typical winter conditions.

10m-20m above the seabed.
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Figure 5-50 shows the sedimentation at the last time step of the simulation under typical
summer conditions.

L L Msinition cl N | hydrography 500 - 1,000

----- Tarrsinrial water borer H“:‘u:'w' I 1,000 - 2,000
8 I 2000 - 5,000
— EET bordar
B - o I 5000 - 10,00
B tatum 2000 ste I 100 - 200 I 10,000 - 20,000
= 200 - 500 = Hurmition desencs postiony

Figure 5-49 Sedimentation of released material due to munitions clearance under annual/normal
hydrographic conditions.

Figure 5-49 shows the sedimentation at the last time step of the simulation under normal
conditions.

[ NSPZ Roita Munition clasrance - summer hydrography
Sedimantation (gim?) P 1,000 - 2,000

----- Terminnal water border

0-3%0 B 2000 - 5,000
e EEZ bedar ¥
I s - oo I 5000 - 10,000
B tatum 2000 ste I 100 - 200 B 10,000 - 20,000
= 200 - 500 = Mgalion desrarce postions

Figure 5-50 Sedimentation of released material due to munitions clearance under typical summer
conditions.
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Figure 5-51 shows the sedimentation at the last time step of the simulation under typical winter

conditions.

; i ¥
e NG R Munition clearance - winter hydrography 504+ 1,000
Sedenantation [g/m?)] B 1000 - 2,000

Teritanal wubesr bordei 0-50
v I 2,000 - 5,000
——— EEI porder ' 2
| B B :.000 - 10,000
B vatus 2000ste S 400 - 200 W 10,500 - 20,500
-HILSW - Munibon desrancs positions

Figure 5-51 Sedimentation of released material due to munitions clearance under typical winter
conditions.
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Summary of results

This section presents a summary of the modelling results for rock placement and munitions
clearance simulations. The summary contains:

e Areas where concentrations of 2 mg/l, 10 mg/l and 15 mg/Il are exceeded

¢ Maximum duration of exceedance of 2 mg/l (plus 10 mg/l and 15 mg/l for munitions
clearance)

e Areas where sedimentation of 10, 50, 100, 150, 200 g/m? are exceeded

¢ Maximum concentration (mg/l) at specific distances from the pipelines.

e Maximum sedimentation (g/m? ) at specific distances from the pipelines

The values presented are overall maximum values covering all three hydrographic scenarios —
normal, summer and winter. This means that for each item the largest value of the three
scenarios has been used. The corresponding tables for the individual hydrographic scenarios are
presented in Appendix 1.

Table 5-2 Maximum areas where threshold concentrations are exceeded.

Seabed intervention

Area with concentration

works — maximum of Suspended
hydrographic sediment
scenarios ‘ > 10 mg/I > 15 mg/I
tonnes km? km?
Rock placement — Line
A 2593 267 6.00 1.67
Rock placement — Line
. . 2848 353 9.46 3.01
A Alternative route
Munitions clearance
1030 258 46.1 27.8
(0-10m)
Munitions clearance
1030 77.8 31.3 21.9
(10-20m)

!: Line A Alternative route has only been run for the winter scenario, while the others have been run for
normal, winter and summer. See individual scenarios in Appendix 1.

The smallest grid size (modelling setup) has an area of 0.0195 km?

Table 5-3 Highest maximum duration of exceeding threshold concentrations.

Seabed intervention

Max duration with concentration

works — maximum of Suspended
hydrographic sediment
scenarios > 2 mg/I > 10 mg/I > 15 mg/I
tonnes hours hours hours

Rock placement — Line

2593 163 18 7.5
A
Rock placement — Line

. . 2848 32 7.0 1.5

A Alternative route
Munitions clearance

1030 24 13 10
(0-10m)
Munitions clearance

1030 21 12 11
(10-20m)

: Line A Alternative route has only been run for the winter scenario, while the others have been run for
normal, winter and summer. See individual scenarios in Appendix 1.

The smallest grid size (modelling setup) has an area of 0.0195 km?
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Table 5-4 Maximum areas where sedimentation values are exceeded.
Seabed
intervention Area with sedimentation
works — Suspended
maximum of sediment
hydrographic >10g/m? > 50g/m? >/109 >/159
scenarios g/m g/m
tonnes km? km? km? km?
Rock placement —
. 2593 63.9 3.92 0.61 0.17 0.05
Line A
Rock placement —
Line A Alternative 2848 25.3 0.98 0.09 0.05 ~0
route’
Munitions
1030 27.9 1.48 0.14 0.09 ~0
clearance

!: Line A Alternative route has only been run for the winter scenario, while the others have been run for
normal, winter and summer. See individual scenarios in Appendix 1.

The smallest grid size (modelling setup) has an area of 0.0195 km?

Table 5-5 Maximum concentration in highest specific distances from pipelines.

Seabed intervention

Max concentration at specific distances from pipelines

works — maximum of Suspended
hydrographic sediment
scenarios 200 m 500 m 1000 m ‘
tonnes mg/I mg/I mg/|
Rock placement — Line
2593
A 21 20 17
Rock placement — Line
] . 2848
A Alternative route 14 10 10
Munitions clearance
(0-10m) 106 100 100
. 1030
Munitions clearance
(10-20m) 108 108 68

!: Line A Alternative route has only been run for the winter scenario, while the others have been run for
normal, winter and summer. See individual scenarios in Appendix 1.

The smallest grid size (modelling setup) has an area of 0.0195 km?
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MODEL RESULTS - CONTAMINANTS

This chapter presents the results of the modelling of released contaminants due to the seabed
intervention works.

Contaminants are released to the environment when sediment is handled due to seabed
intervention works. Contaminants have to be dissolved in order to pose a risk to receptors in the
environment as described in /1/. Dissolved contaminants will over time be adsorbed to particles.
enter the food chain or settle on the seabed and thereby leave the water column again.

The modelling study describes the acute effects and, also for precautionary reasons, the settling
of contaminants is disregarded.

Contaminants are released respectively 2 m and 15 m above seabed for respectively rock
placement and munitions clearance. The contaminants will disperse over the water column and
as mentioned above contaminants are neither decaying nor settling in the model. Contaminants
could therefore be distributed over the entire water column, a part of the water column or it will
be embedded at a certain level depending on the stratification. As a conservative assumption the
model results are interpreted as the mass of contaminants over the entire water column,
concentrated in a 10 m layer.

The results are presented as two-dimensional maps. The maps show the following parameters:

¢ The maximum concentration of contaminants occurring under the entire simulation period.

e Duration of exceedance of PNEC for PAH, Dioxin and Zinc. This is the accumulated period of
time in hours during which the concentration of contaminants exceeds PNEC during rock

placement or munitions clearance.

The results for release of contaminants are presented in the following sections. The figures
presenting the results are summarised in Table 6-1.
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Rock
placement
(Line A)

Munitions
clearance

Overview of modelling results for release of contaminants.
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Seabed intervention work Annual Summer Winter
Contaminants /normal

Maximum concentration of Figure 6-9 Figure 6-5 Figure 6-1

Benzo(a)pyrene (PAH) Figure 6-10 Figure 6-6 Figure 6-2

Duration of exceeding PNEC for Figure 6-11 Figure 6-7 Figure 6-3

Benzo(a)pyrene (PAH) Figure 6-12 Figure 6-8 Figure 6-4

Maximum concentration of WHO Figure 6-17 Figure 6-15 Figure 6-13

(2.005) PCDD/F TEQ upper Figure 6-18 Figure 6-16 Figure 6-14

(Dioxin/Furans)

Duration of exceeding PNEC for No No No

WHO (2005) PCDD/F TEQ UPPEr | oncentrations | concentrations | concentrations

(Dioxin/Furans)
above PNEC above PNEC above PNEC
anywhere in anywhere in anywhere in
the domain the domain the domain

Maximum concentration of Zinc Figure 6-23 Figure 6-21 Figure 6-19
Figure 6-24 Figure 6-22 Figure 6-20

Duration of exceeding PNEC for No No No

Zinc concentrations | concentrations | concentrations
above PNEC above PNEC above PNEC
anywhere in anywhere in anywhere in
the domain the domain the domain

Maximum concentration of Figure 6-31 Figure 6-28 Figure 6-25

Benzo(a)pyrene (PAH) Figure 6-32 Figure 6-29 Figure 6-26

Duration of exceeding PNEC for | Figure 6-33 Figure 6-30 Figure 6-27

Benzo(a)pyrene (PAH)

Maximum concentration of WHO Figure 6-38 Figure 6-36 Figure 6-34

(2(_)05_) PCDD/F TEQ upper Figure 6-39 Figure 6-37 Figure 6-35

(Dioxin/Furans)

Duration of exceeding PNEC for | pNEC isonly | PNEC is only PNEC is only

Y\é?&igzlgafe)lnzc):DD/ F TEQ upper exceeded in a | exceeded in a | exceeded in a
very small very small very small area

area area

Maximum concentration of Zinc Figure 6-44 Figure 6-42 Figure 6-40
Figure 6-45 Figure 6-43 Figure 6-41

Duration of exceeding PNEC for | pNEC isonly | PNEC is only PNEC is only

Zinc exceeded in a | exceeded ina | exceeded in a
very small very small very small area

area area

Nord Stream 2 - Modelling of sediment spill in Finland
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6.1 Rock placement

6.1.1 PAH

e NSP2 Route Rock pl = winter hydrography R :sx07 -7 k00
..... Terr#torial water borger  Meximum concentration of suspanded PAH (ma/T)
— EET border [ 0,0+ 1,7 x10™
. Niardt bond [ ERETREE T
B naturs 2000 sie B 3.4x107- 1,7 2107 PNEC = 1.7 x 107 mg/I
B 1.7 x107" - 3,4 107"
Figure 6-1 Maximum concentration of Benzo(a)pyrene (PAH) during rock placement under typical

winter conditions. Western part of the Gulf of Finland.

— WEPT Poule ok placement - winter hydrography - 345107 - 1,7 w107
eere Terrionsl water border  Maximum concentration of suspended PAH (mg/1)
—_— | 00- 1,710
EET border L4 .
B taturs 2000 site B 70 - 340
: B :40c- 1,7 w0 PNEC = 1.7 x 107 mg/I

B 5.7 x107" - 34 610"

Figure 6-2 Maximum concentration of Benzo(a)pyrene (PAH) during rock placement under typical
winter conditions. Eastern part of the Gulf of Finland.
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e L
———— EEZ border

wemeees Rland bordar

B resturs 2000 ute

Figure 6-3 Duration of exceeding of PNEC for Benzo(a)pyrene during rock placement under typical
winter conditions. Western part of the Gulf of Finland.

—— NSPZ Route PAH, Rock placemant - winter hydrography
..... Territorial witer border  Duration of axcesdance of PNEC value in hours
——— EEZ border . o
B Mot 2000 ute . -2
. -
B -2
Figure 6-4 Duration of exceeding of PNEC for Benzo(a)pyrene during rock placement under typical

winter conditions. Eastern part of the Gulf of Finland.

Nord Stream 2 - Modelling of sediment spill in Finland Document No. W-PE-EIA-PFI-REP-805-030400EN-07



Page 51 of 77

—— NEP2 Rouite Rock placemant - summer hydrography B :<xi000- 1,7 =107

..... Territorial water border  Mdmmum concantration of suspended PAH [ma/1)

—— EEY biordar [ ] oo-17x10

cesvees Rlpnd border - 1,7 w107 - 3.4 w10°F

B tistura 2000 site | EEEIL R R PNEC = 1.7 x 107 mg/I

B 1.7 =107 - 3,4 x10°7

Figure 6-5 Maximum concentration of Benzo(a)pyrene (PAH) during rock placement under typical
summer conditions. Western part of the Gulf of Finland.

e

e NSFZ Route Rock placement - summar hydrography B 34077 - 1,7 xl
..... Territonal water border  Maximism concentration of suspended PAH [mgf1)
— EEZ border [ o0-1,7 x10%
B rswr 2000 s B 70t 34 =107
| ERETUREE ST PNEC = 1.7 x 107 mg/I

B 1,7 1077 - 3.4 x1077

Figure 6-6 Maximum concentration of Benzo(a)pyrene (PAH) during rock placement under typical
summer conditions. Eastern part of the Gulf of Finland.
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Figure 6-7 Duration of exceeding of PNEC for Benzo(a)pyrene during rock placement under typical
summer conditions. Western part of the Gulf of Finland.

e NPT Route PAH, Rock placemant - summar hydrography
~=« Tarritgnal water border  Duration of mxceedance of PNEC value in hours
= —
Bl rstura 2000 site b
Il 2-5
. sz
Figure 6-8 Duration of exceeding of PNEC for Benzo(a)pyrene during rock placement under typical

summer conditions. Eastern part of the Gulf of Finland.
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= N5F2 Route Rock placement - normal hydrography [ EEESTAEE E l

----- Tarritonal water borger  Maximum concentration of suspended PAH [mg/)

—— EEZ bordar [ 0.0-17x10%

ssriner R Mosdar | R TREERE

Bt 2000 it B 3de107t- 1,7 0107 PNEC = 1.7 x 107 mg/I

N 1,7 %1077 3,4 x107"

Figure 6-9 Maximum concentration of Benzo(a)pyrene (PAH) during rock placement under normal
conditions. Western part of the Gulf of Finland.

e

e NSPI Route Rock placement = normal hydrography [ R EES  l
..... Tarritonal water border  Maximism concentration of suspended PAH [mg/1)
——— EEZ border ] 0.0-13,7x10°
B Moturs 2000 ste | R TaE R
| ERETUREE ST PNEC = 1.7 x 107 mg/I

B 1,7 w107 - 3.4 x1077

Figure 6-10 Maximum concentration of Benzo(a)pyrene (PAH) during rock placement under normal
conditions. Eastern part of the Gulf of Finland.
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Figure 6-11 Duration of exceeding of PNEC for Benzo(a)pyrene during rock placement under normal
conditions. Western part of the Gulf of Finland.

e NEPZ Route PAH, Rock placemant - normal hydrography
..... Tarritorial water border Dwration of excesdance of PNEC value in hours
——— E£2 bardar B
B testura 2000 site | RE
I :-
I -2
Figure 6-12 Duration of exceeding of PNEC for Benzo(a)pyrene during rock placement under normal

conditions. Eastern part of the Gulf of Finland.
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6.1.2 Dioxin

s

e NSPZ Route Rock placemant - winter hydrography B 01 w0t

..... Tarritorial water border  Maximum concentration of suspended Dican [mg)
——— E£2 barder [__]og-1u0"
....... Land border 0t -5 xn0nt
| R ETA PNEC = 1 x 10%° mg/I

B 1«07 - 2 x107

Figure 6-13 Maximum concentration of WHO (2005) PCDD/F TEQ upper (Dioxin/Furans) during rock
placement under typical winter conditions. Western part of the Gulf of Finland.

'. L

e NSP2 Route Rock placament - winter hydrography | ERTUEE R

..... Tarritonal water border  Maxemism concentration of suspanded Dioxin (mg1)
——— EE? border ] o,0-1 x1g~v
B Haturs 2000 site | R
B G107 - 1wt PNEC = 1 x 107° mg/I

R BT

Figure 6-14 Maximum concentration of WHO (2005) PCDD/F TEQ upper (Dioxin/Furans) during rock
placement under typical winter conditions. Eastern part of the Gulf of Finland.
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Tarritonal water bordgr  Mintimum concentration of suspanded Diexin | mg/1)
EEZ border [] no-1momn
soiiees RERNE Bl [ R T
B fsturs 2000 site B 507 - 1 x107 PNEC = 1 x 10° mg/I

| EERUEEE R
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Figure 6-15 Maximum concentration of WHO (2005) PCDD/F TEQ upper (Dioxin/Furans) during rock
placement under typical summer conditions. Western part of the Gulf of Finland.

=
i b Tl

e NSF2 Route Rock placement - summer hydrography | EERTTEEE RSl

..... Tarritonal water border  Maxemism concentration of suspanded Dicxin (mg/)
——— EE? border ] o,0-1 x1g~v
B Vsturs 2000 site | EEETTACE T
B 107 -1 w0 PNEC = 1 x 107° mg/I

R BT

Figure 6-16 Maximum concentration of WHO (2005) PCDD/F TEQ upper (Dioxin/Furans) during rock
placement under typical summer conditions. Eastern part of the Gulf of Finland.

Nord Stream 2 - Modelling of sediment spill in Finland Document No. W-PE-EIA-PFI-REP-805-030400EN-07



Page 57 of 77

2 =
e NSPZ Route Rock placemant - normal hydrography B 01 w0t
..... Tarritorial water border  Maximum concentration of suspended Diswan (mgf)
—— EEZ bardar [_]oo-1a0
....... Land border 0t -5 xn0nt

| R ETA PNEC = 1 x 10°° mg/I

B 1«07 - 2 x107

Figure 6-17 Maximum concentration of WHO (2005) PCDD/F TEQ upper (Dioxin/Furans) during rock
placement under normal conditions. Western part of the Gulf of Finland.

'. L

e NSF2 Route Rock plscament - normal hydrography | EERTTEEE RSl

..... Tarritonal water border  Maxemism concentration of suspanded Dicadn (mg/)
——— EE? border ] o,0-1 x1g~v
B Vsturs 2000 site | EEETTACE T
B 107 -1 w0 PNEC = 1 x 107° mg/I

R BT

Figure 6-18 Maximum concentration of WHO (2005) PCDD/F TEQ upper (Dioxin/Furans) during rock
placement under normal conditions. Eastern part of the Gulf of Finland.
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6.1.3 Zinc

——— N5P2 Route Rock placemant - winter hydrography | EEET RS R
Tarritorial wates border EMaximum concantration of suspended zinc [mgfl)

— EEZ border ] oo-34xi04

_______ Mandi Border B 5068107

B voturs 000 site B coxt0t-3400° PNEC = 0.0034 mg/I

Bl 2.4 %107 - 6,8 x107

Figure 6-19 Maximum concentration of Zinc during rock placement under typical winter conditions.

Western part of the Gulf of Finland.

e NSFZ Route Rock placement - winter hydrography I 6.6 x100- 34 w10°
cve=s  Tarritenal woter border Maximvism concentration of suspanded zinc (mg))
— EEZ border [ a0-34x107
B M 2000 st B ;=000 - 6810
B coxi0c-34x10° PNEC = 0.0034 mg/I
B 34x107-6.8x10°
Figure 6-20 Maximum concentration of Zinc during rock placement under typical winter conditions.

Eastern part of the Gulf of Finland.
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fony

e NP2 Route Rock placemant - summer hydrography | EEET RS R
+==+ Tarritorial wates border EMaximum concantration of suspended zinc (mgfl)

— EEZ border ] oo-34xi04

_______ Nand border | EETERE LR

B voturs 000 site B coxt0t-3400° PNEC = 0.0034 mg/I

Bl 2.4 %107 - 6,8 x107

Figure 6-21 Maximum concentration of Zinc during rock placement under typical summer conditions.
Western part of the Gulf of Finland.

e NSFZ Route Rock placement - summar hydrography I 6.6 x100- 34 w10°
~=« Tarritgnal woter border  Maxevsm concantration of suspended zinc (mgyd)
— EEZ border [ a0-34x107
B teaturs 2000 ste B ;=000 - 6810
B cox0c-34x10° PNEC = 0.0034 mg/I

B 34x107-6.8x10°

Figure 6-22 Maximum concentration of Zinc during rock placement under typical summer conditions.
Eastern part of the Gulf of Finland.
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fony : e

——— NSP2 Route Rock placement - normal hydrography B o034
+==+ Tarritorial wates border Maximum concantration of suspended zinc (mgfl)

—  EEZ border 0,0- 3,4 x10°

_______ Nand border | EETERE LR

B hotura 2000 site B coxt0t-3400° PNEC = 0.0034 mg/I

Bl 2.4 %107 - 6,8 x107

Figure 6-23 Maximum concentration of Zinc during rock placement under normal conditions. Western
part of the Gulf of Finland.

e NSFZ Route Rock placament - normal hydrography I 6.6 x100- 34 w10°
~=« Tarritgnal woter border  MaxeTvsm concantration of suspended zinc (mgd)
— EEZ border [ a0-34x107
B teaturs 2000 ste B ;=000 - 6810
B cox0c-34x10° PNEC = 0.0034 mg/I

B 34x107-6.8x10°

Figure 6-24 Maximum concentration of Zinc during rock placement under normal conditions. Eastern
part of the Gulf of Finland.
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6.2 Munitions clearance

6.2.1 PAH

———— NSPF2 RoOule Munition clearance - winter hydrography | ERESTAE E h
..... Tarritorial water border  Maximum concentration of suspended PAH [mg/T)
EE7 bardar [ ] mo-1,7x10
cieiies Rl Bowchar B 7 xa0t- 3 4w1070
B Natura 2000 site | EXTI R PNEC = 1.7 x 107 mg/I
B 1.7 %1077 - 3,4x107"
Figure 6-25 Maximum concentration of Benzo(a)pyrene (PAH) during munitions clearance under

typical winter conditions. Western part of the Gulf of Finland.

P Fom -
——— WSPZ Route Munition clearance - winter hydrography [ 2.4 =107 - 1,7 =10"*
..... Tarritonal water borger  Maximum concentration of suspended PAH (mgT)
EEZ bordur [ ] en-172x0
B tisturs 2000 sito [ BRI
| R TR PNEC = 1.7 x 107 mg/I

B 17 a0’ - 340007

Figure 6-26 Maximum concentration of Benzo(a)pyrene (PAH) during munitions clearance under
typical winter conditions. Eastern part of the Gulf of Finland.
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.‘;-- il

— NEP2 Route

———— EEZ barder
B tsturs 2000 site

PAH, munition clearance - winter hydrography

..... Territonal water border  Duration of excesdance of PNEC value in hours
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Figure 6-27

Duration of exceeding of PNEC for Benzo(a)pyrene during munitions clearance under

typical winter conditions. Eastern part of the Gulf of Finland.
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Figure 6-28

Maximum concentration of Benzo(a)pyrene (PAH) during munitions clearance under
typical summer conditions. Western part of the Gulf of Finland.
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Figure 6-29

Nord Stream 2 - M

Maximum concentration of Benzo(a)pyrene (PAH) during munitions clearance under
typical summer conditions. Eastern part of the Gulf of Finland.
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Figure 6-30 Duration of exceeding of PNEC for Benzo(a)pyrene during munitions clearance under

typical summer conditions. Eastern part of the Gulf of Finland.
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Figure 6-31 Maximum concentration of Benzo(a)pyrene (PAH) during munitions clearance under

Figure 6-32 Maximum concentration of Benzo(a)pyrene (PAH) during munitions clearance under

normal conditions. Eastern part of the Gulf of Finland.
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Figure 6-33 Duration of exceeding of PNEC for Benzo(a)pyrene during munitions clearance under
normal conditions. Eastern part of the Gulf of Finland.
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6.2.2 Dioxin
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Figure 6-34 Maximum concentration of WHO (2005) PCDD/F TEQ upper (Dioxin/Furans) during
munitions clearance under typical winter conditions. Western part of the Gulf of Finland.
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Figure 6-35 Maximum concentration of WHO (2005) PCDD/F TEQ upper (Dioxin/Furans) during
munitions clearance under typical winter conditions. Eastern part of the Gulf of Finland.
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Figure 6-36 Maximum concentration of WHO (2005) PCDD/F TEQ upper (Dioxin/Furans) during
munitions clearance under typical summer conditions. Western part of the GoF.
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Figure 6-37 Maximum concentration of WHO (2005) PCDD/F TEQ upper (Dioxin/Furans) during
munitions clearance under typical summer conditions. Eastern part of the Gulf of Finland.
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Figure 6-38 Maximum concentration of WHO (2005) PCDD/F TEQ upper (Dioxin/Furans) during
munitions clearance under normal conditions. Western part of the Gulf of Finland.
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Figure 6-39 Maximum concentration of WHO (2005) PCDD/F TEQ upper (Dioxin/Furans) during
munitions clearance under normal conditions. Eastern part of the Gulf of Finland.
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6.2.3 Zinc
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Figure 6-40 Maximum concentration of Zinc during munitions clearance under typical winter
conditions. Western part of the Gulf of Finland.
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Figure 6-41 Maximum concentration of Zinc during munitions clearance under typical winter

conditions. Eastern part of the Gulf of Finland.
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Figure 6-42 Maximum concentration of Zinc during munitions clearance under typical summer
conditions. Western part of the Gulf of Finland.
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Figure 6-43 Maximum concentration of Zinc during munitions clearance under typical summer

conditions. Eastern part of the Gulf of Finland.
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Figure 6-44

Maximum concentration of Zinc during munitions clearance under normal conditions.
Western part of the Gulf of Finland.
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Figure 6-45 Maximum concentration of Zinc during munitions clearance under normal conditions.

Eastern part of the Gulf of Finland.

Nord Stream 2 - Modelling of sediment spill in Finland Document No. W-PE-EIA-PFI-REP-805-030400EN-07



6.3

Page 73 of 77

Summary of results

This section presents a summary of the modelling results for contaminant spreading in rock
placement and munitions clearance simulations. The summary contains:

e Areas where concentrations are exceeding PNEC value for PAH, Dioxin and Zinc
e Maximum duration of exceedance of PNEC value for PAH, Dioxin and Zinc
e Graphs showing area vs. duration of concentrations exceeding PNEC value for PAH.

The graphs of areas vs. duration show the size of areas in which the different durations are
exceeded. The graphs are only shown for PAH, because areas for Dioxin and Zinc is small
compared to PAH.

The values presented are overall maximum values covering all three hydrographic scenarios —

normal, summer and winter. The corresponding tables for the individual hydrographic scenarios
are presented in Appendix 2.

Table 6-2: Summary of areas

Seabed intervention

works — maximum of Area with concentration exceeding PNEC value

hydrographic

scenarios PAH Dioxin Zinc
km? km? km?

Rock placement (Line A) 9.60 < 0.02 < 0.02

Munitions clearance 118.37 21.14 2.82

Total FI 127.97 21.14 2.82

The smallest grid size (modelling setup) has an area of 0.0195 km2

Table 6-3: Summary of durations

Seabed intervention
works — maximum of
hydrographic

Max duration with concentration exceeding PNEC value

scenarios PAH Dioxin Zinc
‘ hours hours hours

Rock placement (Line A) 22 0 0

Munitions clearance 19 7 3

Nord Stream 2 - Modelling of sediment spill in Finland Document No. W-PE-EIA-PFI-REP-805-030400EN-07
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Figure 6-46: Graphs of area vs. duration for PAH from the munitions clearance scenario. The graphs
show the size of areas in which the different durations are exceeded.
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Figure 6-47: Graphs of area vs. duration for PAH from the rock placement scenario. The graphs show the
size of areas in which the different durations are exceeded.
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CONCLUSION

Sediment spill

Rock placement scenarios

For the rock placement scenarios the maximum concentration of suspended sediment are limited
to a few model cells and never exceed 61 mg/l during winter conditions and 22 mg/l during
normal and summer conditions. As shown in Figure 5-1 to Figure 5-6 there are no significant
concentrations outside the pipeline corridor.

Sedimentation does not exceed 400 g/m? at any location after rock placement
operations(summer) and 170 g/m? (winter and normal conditions). The corresponding thickness
depends on the density, which again is dependent on the consolidation of the material.
Considering fluffy sediment with a dry matter content of 100 kg/m® a 1 mm thickness
corresponds to a sedimentation of 100 g/m?. A higher degree of consolidation (consequently
higher density) corresponds to a thinner layer thickness for the same sedimentation, e.g. 100
g/m?.

For the alternative route there is, in general, a slight increase in both the duration of exceedance
and in sedimentation compared to the main route. Results are based on simulations of the winter
period.

Munitions clearance

For the munitions clearance scenarios the maximum concentration of suspended sediment are
also limited to a few model cells, and the concentration never exceeds 107 mg/l in neither the
lowest 10 m of the water column nor over the interval between 10 m and 20 m above the
seabed. As also shown in Figure 5-25 to Figure 5-30, the concentrations and durations observed
between 10m and 20m above the seabed are smaller than the ones observed for the lowest 10m
above the seabed. However, the concentrations are still considered significant and should not be
neglected.

Sedimentation does not exceed 179 g/m? at any location after munitions clearance — and
sedimentation is located in the vicinity of the munitions clearance areas. For munitions clearance
the resulting layer thickness also depend on the consolidation of the material.

Release of contaminants

Rock placement scenarios

For the rock placement scenarios only PAH show concentrations exceeding the PNEC value, while
the concentrations of Dioxin and Zinc does not exceed the PNEC values anywhere in the model
domain. The PNEC value for PAH is only exceeded in a very small area - less than 10 km?
distributed along the entire pipeline route within the Finnish EEZ and only for a very short period
of time in most of the impacted area. In 90% of the impacted area the PNEC value is exceeded in
less than five hours in the normal and summer scenarios and even less in the winter scenario, as
can be seen from Figure 6-47.

Munitions clearance

In the munitions clearance scenarios there are areas where the PNEC value is exceeded for all
three contaminants. For Dioxin and Zinc the concentrations are exceeding the PNEC value only in
very small areas of approximately 20 km? and 3 km? respectively,while the calculated
concentration of PAH is above the PNEC value in an area of a little more than 100 km? in total.
The duration of the exceedance is seen to be very short. Also for the munitions clearance
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scenarios the PNEC value is exceeded in less than 4-5 hours in 90% of the impacted area. The
maximum duration is calculated to 19 hours, as can be seen from Figure 6-46.
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RESULT TABLES FOR NORMAL, SUMMER AND WINTER HYDROGRAPHY
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Normal hydrography

This section presents a summary of the modelling results for normal hydrography.

Seabed intervention

Area with concentration

Suspended
works — normal ,
conditions e il
> 10 mg/I > 15 mg/I
tonnes
Rock placement 2592.5 190.68 6.00 0.59
Rock placement —
i 2848.3 X X X
alternative routes
Munitions clearance
128.91 35.18 18.82
(0-10m)
L 1030.2
Munitions clearance (10-
33.11 20.33 16.94
20m)
Total FI 3622.7 319.59 41.18 19.41
The smallest grid size (modelling setup) has an area of 0.0195 km2

Seabed intervention

Max duration with concentration

Suspended
works — normal .
e sediment
conditions
> 2 mg/I ‘ > 10 mg/I > 15 mg/I
tonnes hours ‘ hours hours
Rock placement 2592.5 42.98 7.00 1.50
Rock placement —
i 2848.3 X X X
alternative routes
Munitions clearance
23.98 12.99 9.99
(0-10m)
. 1030.2
Munitions clearance (10-
20.99 11.49 10.49
20m)
The smallest grid size (modelling setup) has an area of 0.0195 km2

For the threshold 10mg/l and 15mg/I it has been decided not to show any maps due to the very
limited duration, which would be invisible in the maps.

Seabed . Area with sedimentation
intervention Suspended
works — normal sediment - 100 - 150
conditions 2 2
=>109g/m =50 g/m a/m? a/m?

tonnes
Rock placement 2592.5 59.00 3.63 0.61 0.06 0.00
Rock placement —

. 2848.3 X X X X X

alternative routes
Munitions clearance

1030.2 27.91 1.48 0.14 0.04 0.00
(0-10m)
Total FI 3622.7 86.91 5.11 0.75 0.10 0.00
The smallest grid size (modelling setup) has an area of 0.0195 km2

Nord Stream 2 - Modelling of sediment spill in Finland
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Seabed intervention Max concentration at specific distances from pipelines

Suspended
works — normal )
conditions SEClmEE

200 m ‘ 500 m 1000 m
tonnes mg/I ‘ mg/I| mg/I|
Rock placement 2592.5 20 20 17
Rock placement —
i 2848.3

alternative routes X X X

Munitions clearance
(0-10m) 69 68 53

— 1030.2
Munitions clearance (10-

20m) 108 108 68

The smallest grid size (modelling setup) has an area of 0.0195 km2

Summer hydrography

This section presents a summary of the modelling results for summer hydrography.

Seabed intervention Suspended Area with concentration
works — summer :
- sediment
conditions
> 10 mg/I > 15 mg/I
tonnes
Rock placement 2592.5 120.78 4.02 1.20
Rock placement —
i 2848.3 X X X
alternative routes
Munitions clearance
155.21 46.06 27.84
(0-10m)
1030.2
Munitions clearance (10-
35.39 19.82 15.60
20m)
Total FI 3622.7 275.99 50.08 29.04

The smallest grid size (modelling setup) has an area of 0.0195 km2

Seabed intervention Suspended Max duration with concentration
works — summer s
. sediment
conditions
=2 mg/I ‘ > 10 mg/I > 15 mg/I
tonnes hours ‘ hours hours
Rock placement 2592.5 164.92 18.49 7.50
Rock placement —
. 2848.3 X X X

alternative routes
Munitions clearance

22.48 8.49 8.00
(0-10m)

. 1030.2

Munitions clearance (10-

14.49 6.00 5.50
20m)

The smallest grid size (modelling setup) has an area of 0.0195 km2

For the threshold 10mg/l and 15mg/I it has been decided not to show any maps due to the very
limited duration, which would be invisible in the maps.
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Seabed

Area with sedimentation

intervention Suspended
works — summer sediment
e 100 > 150
conditions 2 2 =
iti >10g/m >50g/m g/m? g/m?
tonnes
Rock placement 2592.5 63.90 3.92 0.59 0.17 0.05
Rock placement —
i 2848.3 X X X X X
alternative routes
Munitions clearance
1030.2 22.29 1.25 0.12 0.00 0.00
(0-10m)
Total FI 3622.7 86.19 5.17 0.71 0.17 0.05
The smallest grid size (modelling setup) has an area of 0.0195 km2

Seabed intervention

Max concentration a specific distances from pipelines

Suspended
works —summer .
e sediment
conditions
200 m ‘ 500 m 1000 m
tonnes mg/I ‘ mg/I mg/|
Rock placement 2592.5 21 20 17
Rock placement —
. 2848.3
alternative routes X X X
Munitions clearance
(0-10m) 106 100 100
1030.2
Munitions clearance (10-
20m) 90 83 75
The smallest grid size (modelling setup) has an area of 0.0195 km2

Winter hydrography

This section presents a summary of the modelling results for winter hydrography.

Seabed intervention

Area with concentration

. Suspended
works — winter .
. sediment
conditions
> 10 mg/I > 15 mg/I
tonnes km? km?
Rock placement 2592.5 267.31 4.49 1.67
Rock placement —
. 2848.3 353.09 9.46 3.01
alternative routes
Munitions clearance
258.19 32.75 15.87
(0-10m)
1030.2
Munitions clearance (10-
77.81 31.29 21.92
20m)
Total FI 3622.7 525.50 37.24 17.54
Total FI - alternative 3878.5 611.28 42.21 18.88

The smallest grid size (modelling setup) has an area of 0.0195 km2
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Seabed intervention Max duration with concentration

X Suspended
works — winter .
conditions SEelimeEE
> 2 mg/I ‘ > 10 mg/I > 15 mg/I
tonnes hours ‘ hours hours
Rock placement 2592.5 23.99 7.00 2.50
Rock placement —
] 2848.3 31.98 7.00 1.50
alternative routes
Munitions clearance
19.99 7.00 4.50
(0-10m)
i 1030.2
Munitions clearance (10-
11.99 8.99 4.50
20m)
The smallest grid size (modelling setup) has an area of 0.0195 km2

For the threshold 10mg/l and 15mg/I it has been decided not to show any maps due to the very
limited duration, which would be invisible in the maps.

_Seabed . Area with sedimentation
intervention Suspended
works — winter sediment ——————————— 1
conditions >10g/m? | > 50g/m? > 109 > 150
g/m
tonnes ‘ km? km?
Rock placement 2592.5 21.65 0.50 0.04 0.00 0.00
Rock placement —
. 2848.3 25.26 0.98 0.09 0.05 0.00
alternative routes
Munitions clearance
1030.2 12.94 0.48 0.10 0.09 0.00
(0-10m)
Total FI 3622.7 34.59 0.98 0.14 0.09 0.00
Total FI -
. 3878.5 38.20 1.46 0.19 0.14 0.00
alternative
The smallest grid size (modelling setup) has an area of 0.0195 km2

Seabed intervention Suspended Max concentration a specific distances from pipelines
works — winter .
L sediment
conditions
200 m ‘ 500 m 1000 m
tonnes mg/I ‘ mg/I mg/|
Rock placement 2592.5 14 10 10
Rock placement —
. 2848.3

alternative routes 14 10 10
Munitions clearance
(0-10m) 96 82 82

. 1030.2
Munitions clearance (10-
20m) 90 85 54
The smallest grid size (modelling setup) has an area of 0.0195 km2
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APPENDIX 2
CONTAMINANT RESULT TABLES FOR NORMAL, SUMMER AND WINTER
HYDROGRAPHY
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Normal hydrography

This section presents a summary of the modelling results for normal hydrography.

Seabed intervention

works — normal

Area with concentration exeeding PNEC value

ndition

conditions PAH Dioxin Zinc
km? km? km?

Rock placement 8.83 < 0.02 < 0.02

Munitions clearance 98.52 18.89 2.53

Total FI 107.35 18.89 2.53

The smallest grid size (modelling setup) has an area of 0.0195 km2

Seabed intervention

works — normal
conditions

Max duration with concentration exceeding PNEC value

PAH Dioxin Zinc
hours hours hours
Rock placement 11 0 0
Munitions clearance 16 7 3

Summer hydrography

This section presents a summary of the modelling results for summer hydrography.

Seabed intervention

works — normal
conditions

Area with concentration exeeding PNEC value

Dioxin Zinc
km? km?

Rock placement 9.60 < 0.02 < 0.02
Munitions clearance 118.37 21.14 2.82
Total FI 127.97 21.14 2.82

The smallest grid size (modelling setup) has an area of 0.0195 km2

Seabed intervention

works — normal

conditions

Max duration with concentration exceeding PNEC value

PAH Dioxin Zinc
hours hours hours
Rock placement 22 0 0
Munitions clearance 19 6 3

Nord Stream 2 - Modelling of sediment spill in Finland
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Winter hydrography

This section presents a summary of the modelling results for winter hydrography.

Seabed intervention

works — normal

Area with concentration exeeding PNEC value

conditions
= PAH Dioxin Zinc
km? km? km?
Rock placement 2.86 < 0.02 < 0.02
Munitions clearance 108.62 18.75 2.16
Total FI 111.48 18.75 2.16

The smallest grid size (modelling setup) has an area of 0.0195 km2

Seabed intervention

works — normal

conditions

Max duration with concentration exceeding PNEC value

PAH Dioxin Zinc
hours hours hours
Rock placement 8 0 0
Munitions clearance 12 5 3
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APPENDIX 3
INPUT SPILL RATES PER LOCATION

Nord Stream 2 - Modelling of sediment spill in Finland Document No. W-PE-EIA-PFI-REP-805-030400EN-07



Table 8-1: Rock placement for seabed intervention works — calculated spill rates in kg/s and rock berm
volumes in m®, 76/.

Seabed Very fine Coe?rse Mec_lium Fine silt Ver¥ fine Clay Rock
R sand silt silt (kg/s) silt (kg/s) ber;n
(kg/s) (kg/s) (kg/s) (kg/s) (m>)
A1001 0.033 0.007 0.015 0.022 0.018 0.107 2970
A1002 0.015 0.007 0.015 0.029 0.033 0.232 10673
A1003 0.015 0.007 0.015 0.029 0.033 0.232 2970
A1004 0.015 0.007 0.015 0.029 0.033 0.232 909
A1005 0.033 0.007 0.015 0.022 0.018 0.107 13235
A1006 0.015 0.007 0.015 0.029 0.033 0.232 2794
A1007 0.015 0.007 0.015 0.029 0.033 0.232 10673
A1008 0.033 0.007 0.015 0.022 0.018 0.107 6135
A1009 0.033 0.007 0.015 0.022 0.018 0.107 2645
Al1010 0.033 0.007 0.015 0.022 0.018 0.107 2645
Al011 0.033 0.007 0.015 0.022 0.018 0.107 10673
A1012 0.015 0.007 0.015 0.029 0.033 0.232 1882
A1013 0.015 0.007 0.015 0.029 0.033 0.232 6135
Al014 0.015 0.007 0.015 0.029 0.033 0.232 2970
A1015 0.015 0.007 0.015 0.029 0.033 0.232 2970
Al1016 0.015 0.007 0.015 0.029 0.033 0.232 2645
A1017 0.015 0.007 0.015 0.029 0.033 0.232 10673
A1018 0.015 0.007 0.015 0.029 0.033 0.232 6135
A1019 0.015 0.007 0.015 0.029 0.033 0.232 2794
A1020 0.015 0.007 0.015 0.029 0.033 0.232 2890
A1021 0.015 0.007 0.015 0.029 0.033 0.232 10673
A1022 0.015 0.007 0.015 0.029 0.033 0.232 6135
A1023 0.015 0.007 0.015 0.029 0.033 0.232 6135
Al1024 0.015 0.007 0.015 0.029 0.033 0.232 10673
A1025 0.007 0.011 0.022 0.040 0.044 0.232 2491
A1026 0.007 0.011 0.022 0.040 0.044 0.232 2882
A1027 0.015 0.007 0.015 0.029 0.033 0.232 6135
A1028 0.015 0.007 0.015 0.029 0.033 0.232 753
A1029 0.015 0.007 0.015 0.029 0.033 0.232 6135
A1030 0.015 0.007 0.015 0.029 0.033 0.232 6135
A1201 0.033 0.007 0.015 0.022 0.018 0.107 648
A1202 0.033 0.007 0.015 0.022 0.018 0.107 3717
A1203 0.033 0.007 0.015 0.022 0.018 0.107 5006
A1204 0.033 0.007 0.015 0.022 0.018 0.107 7099
A1205 0.033 0.007 0.015 0.022 0.018 0.107 7099
Postlay  p1206 [IXeES 0.007 0.015 0.022 0.018 0.107 285
A1207 0.015 0.007 0.015 0.029 0.033 0.232 7099
A1208 0.015 0.007 0.015 0.029 0.033 0.232 7099
A1209 0.015 0.007 0.015 0.029 0.033 0.232 2948
A1210 0.015 0.007 0.015 0.029 0.033 0.232 7099
A1211 0.015 0.007 0.015 0.029 0.033 0.232 4229
A1212 0.015 0.007 0.015 0.029 0.033 0.232 3717
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0.015 0.007 0.015 0.029 0.033 0.232 5006
0.015 0.007 0.015 0.029 0.033 0.232 10673
0.015 0.007 0.015 0.029 0.033 0.232 285

0.015 0.007 0.015 0.029 0.033 0.232 2948
0.015 0.007 0.015 0.029 0.033 0.232 2948
0.015 0.007 0.015 0.029 0.033 0.232 10673
0.033 0.007 0.015 0.022 0.018 0.107 10673
0.015 0.007 0.015 0.029 0.033 0.232 2948
0.015 0.007 0.015 0.029 0.033 0.232 2948
0.015 0.007 0.015 0.029 0.033 0.232 2948
0.015 0.007 0.015 0.029 0.033 0.232 4229
0.015 0.007 0.015 0.029 0.033 0.232 10673
0.007 0.011 0.022 0.040 0.044 0.232 2948
0.007 0.011 0.022 0.040 0.044 0.232 4229
0.007 0.011 0.022 0.040 0.044 0.232 648

0.033 0.007 0.015 0.022 0.018 0.107 2948
0.033 0.007 0.015 0.022 0.018 0.107 285

0.033 0.007 0.015 0.022 0.018 0.107 648

0.033 0.007 0.015 0.022 0.018 0.107 841

0.033 0.007 0.015 0.022 0.018 0.107 2948
0.033 0.007 0.015 0.022 0.018 0.107 2948
0.033 0.007 0.015 0.022 0.018 0.107 285

0.033 0.007 0.015 0.022 0.018 0.107 285

0.011 0.007 0.007 0.007 0.007 0.037 3717
0.033 0.007 0.015 0.022 0.018 0.107 7099
0.033 0.007 0.015 0.022 0.018 0.107 2948
0.033 0.007 0.015 0.022 0.018 0.107 5006
0.015 0.007 0.015 0.029 0.033 0.232 3717
0.015 0.007 0.015 0.029 0.033 0.232 648

0.015 0.007 0.015 0.029 0.033 0.232 181

0.015 0.007 0.015 0.029 0.033 0.232 2948
0.015 0.007 0.015 0.029 0.033 0.232 10673
0.015 0.007 0.015 0.029 0.033 0.232 10673
0.015 0.007 0.015 0.029 0.033 0.232 3717
0.015 0.007 0.015 0.029 0.033 0.232 648

0.015 0.007 0.015 0.029 0.033 0.232 2948
0.015 0.007 0.015 0.029 0.033 0.232 3717
0.015 0.007 0.015 0.029 0.033 0.232 4229
0.015 0.007 0.015 0.029 0.033 0.232 4229
0.015 0.007 0.015 0.029 0.033 0.232 841

0.015 0.007 0.015 0.029 0.033 0.232 1200
0.015 0.007 0.015 0.029 0.033 0.232 648

0.015 0.007 0.015 0.029 0.033 0.232 5006
0.015 0.007 0.015 0.029 0.033 0.232 5006
0.015 0.007 0.015 0.029 0.033 0.232 2948
0.015 0.007 0.015 0.029 0.033 0.232 2948
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0.015 0.007 0.015 0.029 0.033 0.232 2645
0.015 0.007 0.015 0.029 0.033 0.232 648

0.015 0.007 0.015 0.029 0.033 0.232 285

0.015 0.007 0.015 0.029 0.033 0.232 2948
0.015 0.007 0.015 0.029 0.033 0.232 10673
0.015 0.007 0.015 0.029 0.033 0.232 7099
0.015 0.007 0.015 0.029 0.033 0.232 2948
0.015 0.007 0.015 0.029 0.033 0.232 648

0.015 0.007 0.015 0.029 0.033 0.232 2948
0.015 0.007 0.015 0.029 0.033 0.232 1366
0.015 0.007 0.015 0.029 0.033 0.232 3717
0.015 0.007 0.015 0.029 0.033 0.232 285

0.015 0.007 0.015 0.029 0.033 0.232 648

0.015 0.007 0.015 0.029 0.033 0.232 2948
0.015 0.007 0.015 0.029 0.033 0.232 2948
0.015 0.007 0.015 0.029 0.033 0.232 3717
0.015 0.007 0.015 0.029 0.033 0.232 5006
0.015 0.007 0.015 0.029 0.033 0.232 3717
0.015 0.007 0.015 0.029 0.033 0.232 285

0.015 0.007 0.015 0.029 0.033 0.232 648

0.015 0.007 0.015 0.029 0.033 0.232 648

0.007 0.011 0.022 0.040 0.044 0.232 2948
0.007 0.011 0.022 0.040 0.044 0.232 1366
0.007 0.011 0.022 0.040 0.044 0.232 2948
0.007 0.011 0.022 0.040 0.044 0.232 3717
0.007 0.011 0.022 0.040 0.044 0.232 2948
0.007 0.011 0.022 0.040 0.044 0.232 5006
0.007 0.011 0.022 0.040 0.044 0.232 2948
0.007 0.011 0.022 0.040 0.044 0.232 5006
0.015 0.007 0.015 0.029 0.033 0.232 1121
0.007 0.011 0.022 0.040 0.044 0.232 1366
0.015 0.007 0.015 0.029 0.033 0.232 1004
0.015 0.007 0.015 0.029 0.033 0.232 3717
0.015 0.007 0.015 0.029 0.033 0.232 3058
0.007 0.011 0.022 0.040 0.044 0.232 2948
0.007 0.011 0.022 0.040 0.044 0.232 7099
0.007 0.011 0.022 0.040 0.044 0.232 4229
0.007 0.011 0.022 0.040 0.044 0.232 1004
0.007 0.011 0.022 0.040 0.044 0.232 3717
0.007 0.011 0.022 0.040 0.044 0.232 1121
0.015 0.007 0.015 0.029 0.033 0.232 841

0.015 0.007 0.015 0.029 0.033 0.232 7099
0.015 0.007 0.015 0.029 0.033 0.232 9006
0.015 0.007 0.015 0.029 0.033 0.232 1121
0.015 0.007 0.015 0.029 0.033 0.232 1121
0.007 0.011 0.022 0.040 0.044 0.232 1121
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0.007 0.011 0.022 0.040 0.044 0.232 1121
0.007 0.011 0.022 0.040 0.044 0.232 1121
0.007 0.011 0.022 0.040 0.044 0.232 1004
0.007 0.011 0.022 0.040 0.044 0.232 1121
0.007 0.011 0.022 0.040 0.044 0.232 1366
0.007 0.011 0.022 0.040 0.044 0.232 648
0.007 0.011 0.022 0.040 0.044 0.232 1121
0.015 0.007 0.015 0.029 0.033 0.232 7099
0.015 0.007 0.015 0.029 0.033 0.232 1366
0.015 0.007 0.015 0.029 0.033 0.232 1366
0.007 0.011 0.022 0.040 0.044 0.232 7099
0.015 0.007 0.015 0.029 0.033 0.232 3717
0.015 0.007 0.015 0.029 0.033 0.232 5006
0.015 0.007 0.015 0.029 0.033 0.232 3717
0.015 0.007 0.015 0.029 0.033 0.232 1366
0.015 0.007 0.015 0.029 0.033 0.232 4229
0.015 0.007 0.015 0.029 0.033 0.232 7099
0.015 0.007 0.015 0.029 0.033 0.232 4229
0.015 0.007 0.015 0.029 0.033 0.232 285
0.015 0.007 0.015 0.029 0.033 0.232 285
0.007 0.011 0.022 0.040 0.044 0.232 3717
0.007 0.011 0.022 0.040 0.044 0.232 3717
0.007 0.011 0.022 0.040 0.044 0.232 2948
0.007 0.011 0.022 0.040 0.044 0.232 1366
0.007 0.011 0.022 0.040 0.044 0.232 2948
0.007 0.011 0.022 0.040 0.044 0.232 3717
0.007 0.011 0.022 0.040 0.044 0.232 3717
0.007 0.011 0.022 0.040 0.044 0.232 5006
0.007 0.011 0.022 0.040 0.044 0.232 2948
0.007 0.011 0.022 0.040 0.044 0.232 5006
0.007 0.011 0.022 0.040 0.044 0.232 7099
0.007 0.011 0.022 0.040 0.044 0.232 7099
0.007 0.011 0.022 0.040 0.044 0.232 7099
0.015 0.007 0.015 0.029 0.033 0.232 4229
0.015 0.007 0.015 0.029 0.033 0.232 1366
0.015 0.007 0.015 0.029 0.033 0.232 3717
0.007 0.011 0.022 0.040 0.044 0.232 2948
0.007 0.011 0.022 0.040 0.044 0.232 1366
0.007 0.011 0.022 0.040 0.044 0.232 1366
0.007 0.011 0.022 0.040 0.044 0.232 2948
0.007 0.011 0.022 0.040 0.044 0.232 3717
0.007 0.011 0.022 0.040 0.044 0.232 3717
0.007 0.011 0.022 0.040 0.044 0.232 5006
0.007 0.011 0.022 0.040 0.044 0.232 4229
0.007 0.011 0.022 0.040 0.044 0.232 2948
0.007 0.011 0.022 0.040 0.044 0.232 3717
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0.007 0.011 0.022 0.040 0.044 0.232 3717
0.007 0.011 0.022 0.040 0.044 0.232 2048
0.007 0.011 0.022 0.040 0.044 0.232 7099
0.007 0.011 0.022 0.040 0.044 0.232 2948
0.007 0.011 0.022 0.040 0.044 0.232 3717
0.007 0.011 0.022 0.040 0.044 0.232 3717
0.007 0.011 0.022 0.040 0.044 0.232 2048
0.007 0.011 0.022 0.040 0.044 0.232 7099
0.007 0.011 0.022 0.040 0.044 0.232 3717
0.007 0.011 0.022 0.040 0.044 0.232 2048
0.007 0.011 0.022 0.040 0.044 0.232 2948
0.007 0.011 0.022 0.040 0.044 0.232 3717
0.007 0.011 0.022 0.040 0.044 0.232 7099
0.007 0.011 0.022 0.040 0.044 0.232 3717
0.007 0.011 0.022 0.040 0.044 0.232 3717
0.007 0.011 0.022 0.040 0.044 0.232 5006
0.007 0.011 0.022 0.040 0.044 0.232 7099
0.007 0.011 0.022 0.040 0.044 0.232 1366
0.033 0.007 0.015 0.022 0.018 0.107 715
0.033 0.007 0.015 0.022 0.018 0.107 417
0.015 0.007 0.015 0.029 0.033 0.232 501
0.033 0.007 0.015 0.022 0.018 0.107 715
0.015 0.007 0.015 0.029 0.033 0.232 501
0.015 0.007 0.015 0.029 0.033 0.232 1346
0.015 0.007 0.015 0.029 0.033 0.232 715
0.007 0.011 0.022 0.040 0.044 0.232 715
0.033 0.007 0.015 0.022 0.018 0.107 1346
0.033 0.007 0.015 0.022 0.018 0.107 417
0.033 0.007 0.015 0.022 0.018 0.107 501
0.033 0.007 0.015 0.022 0.018 0.107 417
0.033 0.007 0.015 0.022 0.018 0.107 1200

FESEEY 0.033 0.007 0.015 0.022 0.018 0.107 501
0.033 0.007 0.015 0.022 0.018 0.107 501
0.033 0.007 0.015 0.022 0.018 0.107 417
0.007 0.011 0.022 0.040 0.044 0.232 1346
0.015 0.007 0.015 0.029 0.033 0.232 1200
0.015 0.007 0.015 0.029 0.033 0.232 417
0.015 0.007 0.015 0.029 0.033 0.232 417
0.015 0.007 0.015 0.029 0.033 0.232 1200
0.015 0.007 0.015 0.029 0.033 0.232 1346
0.015 0.007 0.015 0.029 0.033 0.232 2645
0.015 0.007 0.015 0.029 0.033 0.232 442
0.015 0.007 0.015 0.029 0.033 0.232 715
0.015 0.007 0.015 0.029 0.033 0.232 1346
0.015 0.007 0.015 0.029 0.033 0.232 1346
0.015 0.007 0.015 0.029 0.033 0.232 1906
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A1629
A1630
A1631
A1632
A1633
A1634
A1635
A1636
A1637
A1638
A1639
A1640
Al1641
Al1642
A1643
Al644
A1031
A1032
A1033
A1034
Frozen

Pipeline
crossing

0.015 0.007 0.015 0.029 0.033 0.232 501
0.015 0.007 0.015 0.029 0.033 0.232 1906
0.015 0.007 0.015 0.029 0.033 0.232 417
0.015 0.007 0.015 0.029 0.033 0.232 501
0.007 0.011 0.022 0.040 0.044 0.232 1121
0.015 0.007 0.015 0.029 0.033 0.232 1121
0.007 0.011 0.022 0.040 0.044 0.232 1121
0.015 0.007 0.015 0.029 0.033 0.232 417
0.015 0.007 0.015 0.029 0.033 0.232 1121
0.007 0.011 0.022 0.040 0.044 0.232 1121
0.015 0.007 0.015 0.029 0.033 0.232 417
0.015 0.007 0.015 0.029 0.033 0.232 501
0.007 0.011 0.022 0.040 0.044 0.232 1346
0.007 0.011 0.022 0.040 0.044 0.232 417
0.007 0.011 0.022 0.040 0.044 0.232 1346
0.007 0.011 0.022 0.040 0.044 0.232 1346
0.015 0.007 0.015 0.029 0.033 0.232 1700
0.015 0.007 0.015 0.029 0.033 0.232 830
0.015 0.007 0.015 0.029 0.033 0.232 830
0.015 0.007 0.015 0.029 0.033 0.232 1700
0.015 0.007 0.015 0.029 0.033 0.232 13660
0.015 0.007 0.015 0.029 0.033 0.232 80000

The sediment characteristics (fluxes) for the alternative route — related to rock placement works
activities are presented in Table 8-2. The major part of the intervention works for the alternative

route is the same as for the route described above, but for

alternative in /6/, the intervention works for this is inserted.
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Table 8-2: Rock placement for seabed intervention works (alternative routes) — calculated spill rates in

kg/s and volumes in m3, /6/.

Seabed

Postlay

intervention
type

A1001 -

A1018
ALT1_100
1
ALT1_100

ALT1_100
3
ALT1_100
4
ALT1_100
ALT1_100
6
ALT1_100
7

A1021 -

A1026
ALT2_100
1
ALT2_100

ALT2_100

ALT2_100
4

ALT2_100

5
ALT2_100
6

A1201 -

A1269

ALT1_120
1

ALT1_120

2

ALT1_120
ALT1_120
ALT1_120
ALT1_120

ALT1_120

7

ALT1_120

8

ALT1_120

9

ALT1_121

0

Very fine | Coarse | Medium  Fine silt Very fine Clay Rock
sand silt silt (kg/s) silt (kg/s) berm
(kgs/s)  (kg/s) (kg/s) (kg/s) (m*)
Unchanged
0.015 0.007 0.015 0.029 0.033 0.232 2970
0.015 0.007 0.015 0.029 0.033 0.232 3386
0.033 0.007 0.015 0.022 0.018 0.107 6135
0.033 0.007 0.015 0.022 0.018 0.107 6135
0.015 0.007 0.015 0.029 0.033 0.232 1882
0.015 0.007 0.015 0.029 0.033 0.232 1882
0.015 0.007 0.015 0.029 0.033 0.232 2097
Unchanged
0.015 0.007 0.015 0.029 0.033 0.232 1882
0.007 0.011 0.022 0.040 0.044 0.232 12381
0.007 0.011 0.022 0.040 0.044 0.232 10673
0.007 0.011 0.022 0.040 0.044 0.232 10673
0.007 0.011 0.022 0.040 0.044 0.232 10673
0.007 0.011 0.022 0.040 0.044 0.232 11954
Unchanged
0.015 0.007 0.015 0.029 0.033 0.232 10673
0.015 0.007 0.015 0.029 0.033 0.232 3717
0.015 0.007 0.015 0.029 0.033 0.232 3717
0.015 0.007 0.015 0.029 0.033 0.232 338
0.033 0.007 0.015 0.022 0.018 0.107 648
0.033 0.007 0.015 0.022 0.018 0.107 2948
0.033 0.007 0.015 0.022 0.018 0.107 7099
0.033 0.007 0.015 0.022 0.018 0.107 4229
0.015 0.007 0.015 0.029 0.033 0.232 3717
0.015 0.007 0.015 0.029 0.033 0.232 7099
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Very fine | Coarse | Medium  Fine silt Very fine Clay Rock

Seabed intervention

. sand silt silt (kg/s) silt (kg/s) berm
(kg/s)  (kg/s) | (kg/s) (kg/s) (m?)
ALT1_121
1 0.015 0.007 0.015 0.029 0.033 0.232 4229
ALT1_121
2 0.015 0.007 0.015 0.029 0.033 0.232 2948
ALT1 121
0.015 0.007 0.015 0.029 0.033 0.232 648
ALT1 121
0.015 0.007 0.015 0.029 0.033 0.232 4732
ALT1 121
0.007 0.011 0.022 0.040 0.044 0.232 7099
ALT1 121
6 0.007 0.011 0.022 0.040 0.044 0.232 7099
ALT1 121
7 0.007 0.011 0.022 0.040 0.044 0.232 3717
ALS(S = Unchanged
Al311
ALT2_120
1 0.007 0.011 0.022 0.040 0.044 0.232 2948
ALT2_120
2 0.015 0.007 0.015 0.029 0.033 0.232 285
ALT2 120
0.015 0.007 0.015 0.029 0.033 0.232 7099
ALT2 120
0.007 0.011 0.022 0.040 0.044 0.232 2948
ALT2 120
0.007 0.011 0.022 0.040 0.044 0.232 10673
ALT2_ 120
0.007 0.011 0.022 0.040 0.044 0.232 1121
ALT2_120
0.007 0.011 0.022 0.040 0.044 0.232 5006
ALT2 120
0.007 0.011 0.022 0.040 0.044 0.232 2948
ALT2 120
0.007 0.011 0.022 0.040 0.044 0.232 5006
ALT2_121
0] 0.007 0.011 0.022 0.040 0.044 0.232 10673
ALT2_121
1 0.007 0.011 0.022 0.040 0.044 0.232 2948
ALT2_121
2 0.015 0.007 0.015 0.029 0.033 0.232 7099
ALT2_121
0.015 0.007 0.015 0.029 0.033 0.232 2948
ALT2_121
0.015 0.007 0.015 0.029 0.033 0.232 285
ALT2_121
0.007 0.011 0.022 0.040 0.044 0.232 5006
ALT2_121
6 0.007 0.011 0.022 0.040 0.044 0.232 1121
ALT2_121
7 0.007 0.011 0.022 0.040 0.044 0.232 7099
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Seabed

Postlay

Pipelin
e
crossin

g

intervention
type

ALT2_121
8
ALT2_121
9

A1345 —

A1368
A1601 -
A1627

ALT1_160

1
ALT1_160
2
ALT1_160
3
ALT1_160
4
A1631 -
A1638
ALT2_160
1

ALT2_160

2
ALT2_160
3
ALT2_160
4
ALT2_160
5

A1643 -

Al1644

Very fine | Coarse | Medium  Fine silt Very fine Clay Rock
sand silt silt (kg”/s) silt (kg”/s) berm
(kg/s)  (kg/s) | (kg/s) (kg/s) (m?)
0.007 0.011 0.022 0.040 0.044 0.232 7099
0.007 0.011 0.022 0.040 0.044 0.232 5006

Unchanged

Unchanged
0.033 0.007 0.015 0.022 0.018 0.107 19906
0.033 0.007 0.015 0.022 0.018 0.107 501
0.015 0.007 0.015 0.029 0.033 0.232 1346
0.015 0.007 0.015 0.029 0.033 0.232 1200

Unchanged
0.007 0.011 0.022 0.040 0.044 0.232 1346
0.015 0.007 0.015 0.029 0.033 0.232 1121
0.015 0.007 0.015 0.029 0.033 0.232 1346
0.007 0.011 0.022 0.040 0.044 0.232 1346
0.007 0.011 0.022 0.040 0.044 0.232 1346

Unchanged

Unchanged

Unchanged
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Table 8-3: Rock placement for in-service buckling mitigation — calculated spill rates in kg/s and volumes
B 3
inm°, /6/.

Section Very fine Co:?rse Med_ium Fine silt _Very Clay Number
number sand silt silt fine silt of rock
(kg/s) (kg/s) (kg/s) (kg/s) (kg/s) (kg/s) berms
1 0.033 0.007 0.015 0.022 0.018 0.107 171.1 21
2 0.033 0.007 0.015 0.022 0.018 0.107 177.2 25
3 0.015 0.007 0.015 0.029 0.033 0.232 170.3 1
0.033 0.007 0.015 0.022 0.018 0.107 12
4 0.015 0.007 0.015 0.029 0.033 0.232 173.4 30
5 0.015 0.007 0.015 0.029 0.033 0.232 175.8 27
6 0.015 0.007 0.015 0.029 0.033 0.232 165.3 12
7 0.015 0.007 0.015 0.029 0.033 0.232 178.6 34
8 0.015 0.007 0.015 0.029 0.033 0.232 177.1 2
0.033 0.007 0.015 0.022 0.018 0.107 25
9 0.015 0.007 0.015 0.029 0.033 0.232 176.4 3
0.033 0.007 0.015 0.022 0.018 0.107 28
10 0.015 0.007 0.015 0.029 0.033 0.232 174.5 30
11 0.015 0.007 0.015 0.029 0.033 0.232 168.1 18
12 0.015 0.007 0.015 0.029 0.033 0.232 178.2 41
13 0.015 0.007 0.015 0.029 0.033 0.232 175.1 32
14 0.015 0.007 0.015 0.029 0.033 0.232 175.9 25
0.033 0.007 0.015 0.022 0.018 0.107 10
15 0.007 0.011 0.022 0.040 0.044 0.232 176.7 46
16 0.007 0.011 0.022 0.040 0.044 0.232 171.0 21
17 0.007 0.011 0.022 0.040 0.044 0.232 176.6 26
18 0.033 0.007 0.015 0.022 0.018 0.107 160.1 12
19 0.033 0.007 0.015 0.022 0.018 0.107 172.4 18
20 0.033 0.007 0.015 0.022 0.018 0.107 170.4 22
21 0.011 0.007 0.007 0.007 0.007 0.037 175.2 20
22 0.015 0.007 0.015 0.029 0.033 0.232 175.4 19
23 0.015 0.007 0.015 0.029 0.033 0.232 175.7 35
24 0.015 0.007 0.015 0.029 0.033 0.232 178.5 37
25 0.015 0.007 0.015 0.029 0.033 0.232 175.2 26
26 0.015 0.007 0.015 0.029 0.033 0.232 170.7 23
27 0.015 0.007 0.015 0.029 0.033 0.232 177.9 46
28 0.015 0.007 0.015 0.029 0.033 0.232 178.4 54
29 0.015 0.007 0.015 0.029 0.033 0.232 171.9 18
{0) 0.015 0.007 0.015 0.029 0.033 0.232 172.2 19
31 0.015 0.007 0.015 0.029 0.033 0.232 170.0 22
32 0.015 0.007 0.015 0.029 0.033 0.232 160.7 12
33 0.007 0.011 0.022 0.040 0.044 0.232 173.5 15
34 0.007 0.011 0.022 0.040 0.044 0.232 171.8 25
35 0.015 0.007 0.015 0.029 0.033 0.232 175.1 27
0.007 0.011 0.022 0.040 0.044 0.232 7
36 0.015 0.007 0.015 0.029 0.033 0.232 176.1 17
- 0.007 0.011 0.022 0.040 0.044 0.232 2
37 0.007 0.011 0.022 0.040 0.044 0.232 151.8 9
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0.007 0.011 0.022 0.040 0.044 0.232 167.1 12
0.015 0.007 0.015 0.029 0.033 0.232 173.4 16
0.007 0.011 0.022 0.040 0.044 0.232 2
0.007 0.011 0.022 0.040 0.044 0.232 174.6 25
0.007 0.011 0.022 0.040 0.044 0.232 175.3 24
0.015 0.007 0.015 0.029 0.033 0.232 177 1 15
0.033 0.007 0.015 0.022 0.018 0.107 25
0.015 0.007 0.015 0.029 0.033 0.232 170.2 16
0.007 0.011 0.022 0.040 0.044 0.232 177.5 32
0.015 0.007 0.015 0.029 0.033 0.232 10
0.015 0.007 0.015 0.029 0.033 0.232 174.6 6
0.007 0.011 0.022 0.040 0.044 0.232 19
0.015 0.007 0.015 0.029 0.033 0.232 178 49

The fluxes for the alternative route for the in-service buckling mitigation sections are given in
Table 8-4.

Table 8-4: Rock placement for in-service buckling mitigation works (alternative routes) — calculated spill
rates in kg/s and volumes in m3, /6/.

Medium | Fine silt Very Clay Rock Number
silt fine silt berm of rock

(kg”/s) (kg”/s) (kg”/s) (kg”/s)

Very fine Coarse
sand silt
(kg/s) (kg/s)

Unchanged
0.015 0.007 0.015 0.029 0.033 0.015 174.7 32
0.015 0.007 0.015 0.029 0.033 0.015 174.7 26
Unchanged
0.015 0.007 0.015 0.029 0.033 0.232 176.8 29
Unchanged
0.015 0.007 0.015 0.029 0.033 0.232 173.5 20
0.015 0.007 0.015 0.029 0.033 0.232 176.3 20
0.015 0.007 0.015 0.029 0.033 0.232 176.8 29
0.015 0.007 0.015 0.029 0.033 0.232 168.7 9
0.007 0.011 0.022 0.040 0.044 0.232 153.8 9

The sediment characteristics for the 24 locations are estimated and presented in Table 8-5.

Table 8-5 Munitions clearance locations and spill rates.
Crater Very fine Coarse silt  Medium Fine silt | Very fine Clay
volume sand (kg”/s) silt silt
(m®) D) (kKg/s) (kg/s) (kKg/s) (kg/s)

SIEEEE 20 0.826 0.413 0.826 1.651 1.857 13.002
SED1 2 K¥i 1.734 0.867 1.734 3.467 3.901 27.304
SED1 3 e 0.826 0.413 0.826 1.651 1.857 13.002
SED1 4 EK¥i 3.901 0.867 1.734 2.600 2.167 12.569
SED1 5 e 1.857 0.413 0.826 1.238 1.032 5.985
SISDNGI 42 3.901 0.867 1.734 2.600 2.167 12.569
SED2 1 e 0.826 0.413 0.826 1.651 1.857 13.002
SED2 2 K¥i 1.734 0.867 1.734 3.467 3.901 27.304
SED2 3 e 0.826 0.413 0.826 1.651 1.857 13.002
SED2 4 K¥i 1.734 0.867 1.734 3.467 3.901 27.304
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0.826 0.413 0.826 1.651 1.857 13.002
1.734 0.867 1.734 3.467 3.901 27.304
0.826 0.413 0.826 1.651 1.857 13.002
1.734 0.867 1.734 3.467 3.901 27.304
0.826 0.413 0.826 1.651 1.857 13.002
1.734 0.867 1.734 3.467 3.901 27.304
0.826 0.413 0.826 1.651 1.857 13.002
1.734 0.867 1.734 3.467 3.901 27.304
0.203 0.305 0.610 1.118 1.220 6.403
0.427 0.640 1.281 2.348 2.561 13.447
0.203 0.305 0.610 1.118 1.220 6.403
0.427 0.640 1.281 2.348 2.561 13.447
0.203 0.305 0.610 1.118 1.220 6.403
0.427 0.640 1.281 2.348 2.561 13.447
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APPENDIX 4
PLANNED SEABED INTERVENTION WORKS (PRE-LAY, POST-LAY AND
PIPELINE CROSSING)
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