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Note from DCE on marine mammals in the Swedish Baltic Sea

1. Background and scope

The Environmental Impact Assessment (EIA) for the gas pipeline Nord Stream 2, proposed for
construction in the Baltic Sea, is currently submitted to the national authorities. During this pro-
cess, a number of questions have been raised by different authorities in Sweden. Some of these
relate to possible negative effects of construction and operation of the pipeline on marine mam-
mals. The objective of this memo is to answer these questions in accordance with the latest scien-
tific knowledge on Baltic marine mammals and potential anthropogenic impact on these as well as
new calculations of this impact. This memo should not be read in isolation, but be seen as an ex-
tension of the EIA and in particular the background reports on marine mammals (Sveegaard et al.
2016; Teilmann et al. 2017)

The issues raised with respect to the Swedish part of Nord Stream 2 are described in opinion let-
ters given by the Swedish authorities (Gotland, Kalmar and Skane Counties, and SwAM), dated
between June 1% and 5". Concern is raised with respect to possible impact on harbour porpoises in
one existing Natura 2000 site “Sydvastskanes Utsjovatten” and one proposed Natura 2000 site
“Hoburgs Bank och Midsjobankarna”. As “Sydvastskanes Utsjovatten” is located more than 37
nautical miles from the proposed pipeline and thus unlikely to be affected by the pipeline, only the
area Hoburgs Bank and Midsjobankarna will be dealt with here. In the following, it is often re-
ferred to simply as “the Natura 2000 site”.

Three different types of impact on harbour porpoises are described in the opinion letters:

e Possible “barrier effect” from noise and vibrations during operation of the pipeline
e Repeated disturbance of the individuals’ natural behavior
e Masking of communication and other sounds by underwater noise

Numbering is used for reference only and is not an indication of priority or otherwise a measure of
severity of impact. The letters also indicate problems with increased sediment spill and turbidity.
For this we refer to the assessment for marine mammals (Sveegaard et al. 2016), as no new scien-
tific knowledge has become available and the conclusions from the EIA are thus still valid.

The possible impacts are discussed in the sections below. The main geographical area of concern
is the above-mentioned Natura 2000 site, although much of the discussion below regarding impact
are of a general nature.

This assessment is mainly relevant if the schedule of the planned construction activity is per-
formed during the summer period (a worst case period, where harbour porpoises breed and con-
gregate in the Natura 2000 site. However, the currently proposed scheduling of the construction
activities within the Natura 2000 area is from late 2018 to early 2019 i.e. outside the breeding sea-
son of harbour porpoises.
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2. Relevant sections of opinion letters
Below are central excerpts from the opinion letters, relevant for marine mammals.
Lansstyrelsen Skane:

“Appendix 9 [to the EIA] describes that noise from the pipeline is only audible to marine mam-
mals very close to the pipeline and that the effect is irreversible, long lasting, but local. Although
the assessment is that the intensity and magnitude of the sound is low, there is no analysis of
whether the pipeline in operation can be expected to have a barrier effect on the movement and
distribution of the different species.”

(Own translation).

This concern relates to a possible “barrier effect” from noise and vibrations during operation of the
pipe line (listed as the first point above) and is discussed in section 4 below.

Lansstyrelsen Gotland

“Noise from the pipe lay work is not considered as the largest challenge when it comes to the risk
of permanent or temporary hearing loss. The authority would like to stress the fright effect that
occurs at much lower noise levels is a far greater threat to the harbour porpoises, and needs to be
taken into consideration. The most trafficked shipping lane lies west of the Natura 2000 area,
while the pipe lay simultaneously will be ongoing east of the area, with scheduled pipelay vessel
traffic between the banks. Given the cumulative impact of underwater noise, the authority is wor-
ried that the pipelay phase, which overlaps with important periods in the life cycle of the harbour
porpoise, will disturb them to such an extent that they will avoid large parts of the area. This
could in turn have a negative impact on the population level. The authority underlines that the
mating season (June-Aug) is a period when the harbour porpoise is particularly sensitive to un-
derwater noise that could mask their communication.”

(Translation provided by the County Administrative Board)

Two concerns are raised here: the repeated disturbance of the natural behaviour of porpoises,
caused by construction ships (listed as point 2 above), and possible masking of communication
and other sounds by underwater noise, also from the ships (listed as point 3 above). These are
treated below in sections 5 and 6, respectively.

SWAM

“SWAM considers that the pipelay in the proposed extension of the Natura 2000 area during the
harbour porpoises’ sensitive period should be avoided. The months that are the most adequate for
the pipelay, and post-lay works are Nov through March.

SWAM does not consider that the activities are likely to cause physical harm on the individuals
[porpoises], but considers that they could disturb their behaviour. Repeated disturbance of the
individuals’ natural behaviour, such as feeding trials, communication or suckling, could reduce
the viability of individuals. Studies have for instance shown that the communication distance be-
tween the female and the calf could be negatively impacted by underwater noise. Underwater

W-PE-EIA-PSE-REP-805-DCERESEN-01



Note from DCE on marine mammals in the Swedish Baltic Sea

noise could mask other noise in the vicinity, which could be of importance to the harbour porpoise
to listen to.

SWAM considers that even short-term disturbance on a few individuals could harm the entire pop-
ulation in this case, as each individual should be attributed an equal value.”
(Translation provided by Nord Stream 2)

The concerns raised here are essentially identical to the issues raised by Lansstyrelsen Gotland and
are thus treated below in sections 5 and 6.

Lansstyrelsen Kalmar

“The planned pipeline will stretch through an area between Northern and Southern Midsjobanken
... considered to be an important gathering area for harbour porpoises, and their most important
area for mating.

The construction-related works such as pipe lay, trenching and rock placement will cause under-
water noise that could impact marine mammals in different ways: they could for instance create
physical damage and damage on the auditory system, disturb the animals’ behaviour and mask
other sounds.

Considering the cumulative impacts of underwater noise the authority considers that there is a
high risk that harbour porpoise will try to avoid the area where activity is ongoing due to high
noise levels. Even if the risk of permanent and temporary hearing impairment is not expected to be
very high, the fright effect occurring at very low noise levels should be taken into consideration.”
(Translation provided by Nord Stream 2)

Three different concerns are raised here: auditory damage, disturbance and masking. Auditory
damage has been dealt with in the EIA and the background report, Sveegaard et al. 2016 and is not
dealt with further here. Disturbance and masking are discussed below in sections 5 and 6, below.

3. Brief description of the NSP2 project (relevant activities
only)

The construction of the NSP2 pipeline within the Natura 2000 site will involve the following
planned activities that may potentially have a potential impact on harbour porpoises:

Increased vessel traffic
Pipelaying

Post-lay trenching
Rock placement

It is important to note, that NSP2 does not expect the need for any munitions clearance within the
proposed Natura 2000 area. The project has taken extra measures to minimise the risk of muni-
tions clearance in the area, e.g. via applying for a wide corridor that allows for routing around
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such objects and via the use of a Dynamically Positioned (DP) lay barge. If munition clearance
will be performed in the proposed Natura 2000 area a separate impact assessment will have to be

made, as it is not included here.

The currently proposed scheduling of the construction activities within the Natura 2000 site is
from late 2018 to early 2019 i.e. outside the breeding season of harbour porpoises and outside the
summer period when porpoises congregate in the N2000 site. However, this assessment considers
a worst case scenario, where construction is undertaken during summer.

Planned construction activities in Swedish waters will be limited in both its temporal and spatial
extent at any specific location. An overview is provided in Figure 1.
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Figure 1 Overview of the planned activities in the Swedish part of the Baltic, along the route of the pipeline.
The new extended Natura 2000 site Hoburgs Bank och Midsjébankarna is indicated.

Vessel traffic

For NSP2, it is planned that an average of four supply vessels per day will sail to the offshore con-
struction site during pipelay (including pipe supply).
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During NSP1, pipelay was undertaken with an anchor handling pipelay vessel, and during this
period 12 other vessels took part in the operation. NSP2 will use Dynamically Positioned Vessels
which will use less involved vessels.

During NSP1 Slite on Gotland and Karlskrona was used as a supply base for pipes. That is not the
case for NSP2 where pipes will be supplied mainly from Karlshamn. However, the number of ves-
sels will be about the same. In case rock placement is needed then it will only be one vessel due to
the limited amounts needed in or close to the area.

As described above, the vessel traffic during pipelay is comparable or less than the number of ves-
sels used during NSP1 in the area of the new extended Natura 2000 site Hoburgs Bank och
Midsjobankarna and we can thus use the NSP1 AIS data as a conservative estimate of predicted
NSP2 vessel traffic. During NSP1 an average of 3.3 vessels per day where used in 2011 and 2012.
The number of vessels used did, however, vary across the year with 80% of the vessel traffic being
deployed during pipelaying (anchor pipelaying vessel, survey vessels, pipe supply vessel, anchor
handling vessels) from January to March (Average of 5.4 vessels per day).

Pipelaying

Pipe-lay is currently planned from late 2018 to early 2019. In the N2000 site Hoburgs bank och
Midsjobankarna, pipe-lay will be conducted on a 24 hour basis, and the pipe-laying vessel will
move forward continuously. Pipe-laying is expected to move at a speed of 2.5 km/d (i.e. 56 days
per pipeline).

This is shorter than the pipelaying during NSP1, where it took the pipelaying vessel Castoro Sei
approx. 64 days per pipe. The disturbance models presented in section 4 thus present a conserva-
tive approach, since all 64 days of vessel traffic during the pipe-lay are included.

Post-lay trenching

Trenching (ploughing) is expected to be conducted in the N2000 site. It is currently estimated to
be conducted a stretch of 72 km and duration of 10 days, with an average speed of 7 km/d (Figure
1).

Rock placement

Rock placement is not planned in the Natura 2000 site. However the possible requirement at lim-
ited locations for spot rock placement cannot be excluded, especially if trenching alone is not suf-
ficient to ensure pipeline stability (as well as for cable crossing supports etc.).
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4. Possible barrier effects from pipeline noise

Possible effects of the noise from the operational pipeline were assessed in the background report
to the EIA (Sveegaard et al. 2016):

“The noise emitted from the pipeline itself, due to the gas flow inside is expected to be of very low
intensity and only be audible to marine mammals very close to the pipeline and only close to the
compressor station. The impact is irreversible and long-term, but local. The intensity and
magnitude is low and the overall significance of this impact in Swedish and Danish waters is thus
considered negligible.”

This assessment is extended and further supported below.

Very few studies are available on noise levels from pipelines in operation, and potential barrier
effects from noise have been very poorly documented. In connection with the assessment of the
Nord Stream pipeline the radiated noise from the pipe line was modelled (Nord Stream 2009).
This was done at four different distances from the compressor station in Russia and results are
shown in Figure 2. The noise was quantified in the modelling as radiated noise power. This can be
converted to sound pressure levels knowing that the energy flux density I through an area of 1 m?
is given as:

1= Eq. 1

Where p is the pressure and pc is the acoustic impedance. Rearranging and adjusting for the
surface area of a 1 m long cylinder with radius 1 m around the gas pipe gives the sound pressure
level Leg:

Leg = 10log;(p?) =Ly, + 1010g;, (%) Eqg. 2

Assuming pc = 1.5x106 kgm™s™ this gives a correction factor of 54 dB, which was added to the
modelled levels from Nord Stream (Nord Stream 2009) to obtain sound pressure level relative to 1
MPa.

The modelled sound pressure levels can be compared to actual measurements made from a
pipeline in operation (Figure 3, Secret Cove, British Columbia, Glaholt et al. 2008). This pipeline
had a smaller diameter than Nord Stream. Noise levels were measured close to shore and thus also
the compressor station. The exact distance to the compressor station is not provided, but is
assumed to be in low tens of km.
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Modelled and measured pipeline noise
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Figure 2 Modelled noise levels 1 m above the Nord Stream pipeline (Nord Stream 2009), at various distances from
the compressor station, together with noise levels recorded from an actual pipeline; Secret Cove (Glaholt et al. 2008)
from Figure 3 below). As the measurements were made close to the compressor station, they should be compared to
the modelled noise at the 20 km point, whereas the more distant positions (493 km and 1135 km) are more indicative of
the levels to be expected from the Nord Stream 2 pipeline in the Natura 2000 sites. Note that the pipeline at Secret
Cove had no concrete corrosion protection. The presence of such a concrete cladding is estimated to attenuate the
noise by at least 15 dB relative to the unclad condition (Glaholt et al. 2008).
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Figure 3 Noise levels as measured and accompanying representations of the high frequency portions of oceanic
noise expectations for Sea States 0 and 1. Arrows denote the high (15 kHz) and low frequency "tonal" noise compo-
nent from Secret Cove pipeline, British Columbia. Measurements were made in shallow waters close to shore and thus
close to the compressor station. The pipeline consisted of two closely spaced iron pipes with an outer diameter of 25
cm. Ambient noise measurements recorded further away from the pipeline are also included. From Glaholt et al.
(2008).

The measured noise from the Secret Cove pipeline is lower than the modelled levels from Nord
Stream, even at the 20 km point from the compressor, despite the absence of a concrete corrosion
protection around the pipeline, which, according to Glaholt et al. (2008), could attenuate the
radiated noise by at least 15 dB. The pipe diameter at Secret Cove was considarbly smaller than
the Nord Stream pipeline, however.

In any case, the absolute levels of noise are of little concern in relation to impact. It is only when
they are compared to ambient noise levels that the possible influence on marine mammals can be
assessed. The noise from the pipeline at Secret Cove contained pronounced peaks at low
frequencies (highest frequency with a clearly discernable peak was 320 Hz), whereas no noise at
higher frequencies could be attributed to the pipeline (Glaholt et al. 2008).

One study has looked into the noise from the Nord Stream pipeline in operation. Lindfors et al.
(2016) analysed recordings of noise levels at three different locations in the Bay of Finland close
to the Nord Stream pipeline. Very high levels of shipping noise was recorded at all three stations,
so the pipeline noise could not be detected in any of the recordings.

More relevant for the Natura 2000 site Hoburgs Bank och Midsjobankarna, however, are the noise
recordings obtained by FOI (Johansson & Andersson 2012). They recorded ambient noise at
several stations in the Midsjo Banks region, some of which were close to the proposed location of
the Nord Stream 2 pipeline. Figure 4 shows results of their measurements under conditions where
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no ships were present within 9 km from the recording station (as assessed by AIS data) and under
different wind speeds. Also shown is the average noise spectrum for the station (i.e. including a
variable contribution from passing ships) from the baseline period without construction work on
the Nord Stream pipeline taking place.
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Figure 4 Modelled noise levels 1 m from the Nord Stream pipeline (Nord Stream, 2009) at distances far away from
the compressor station, similar to the situation in the Natura 2000 sites (located about 800-900 km from the compres-
sor). Also shown are ambient noise spectra measured under quiet conditions (no ships within 9 km from recorder) and
mean ambient noise (including ships), all at station B1, located close to the proposed Nord Stream 2 pipeline (roughly
900 km from the compressor) and inside the Natura 2000 site (Johansson & Andersson 2012).

When these measurements of ambient noise are compared to the modelled levels from Nord
Stream (2009) it is clear that the modelled noise is 20 dB or more below ambient noise levels and
thus completely inaudible, even under the quietest conditions. This conclusion is further supported
by measurements near the Nord Stream pipeline in the Gulf of Finland (Lindfors et al. 2016).
Measurements at three underwater stations close to the exsisting baseline failed to detect any
noise, which could be attributed to the pipeline. Instead the noise was dominated by ships in the
nearby shipping lane.

Thus, the potential for the noise from the pipeline in operation to interfere with migration and
distribution of harbour porpoises appears extremely low, as the pipeline noise is present only at
very low frequencies, likely inaudible to harbour porposes and furthermore very likely to be
completely masked by ambient noise, even very close to the pipeline.

10
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5. Behavioural reactions of porpoises to ships -
disturbance

Behavioural reactions to noise were assessed in the background report to the EIA (Sveegaard et al.
2016):

’Noise from the rock placement was used as a proxy for construction related noise from vessels in
general, as the rock placement is considered one of the noisiest activities arising from the project
(except for munitions clearance). Behavioural reactions to underwater noise from rock placement
and other vessel related activities around the pipeline are expected to occur only in the vicinity of
the vessels and remain only for the time when the vessels are present. The duration are thus
temporary and the scale is local. Disturbance is considered of minor importance. Disturbances
are likely to be of similar magnitude as disturbance from passing merchant vessels, which are
very abundant along the pipeline corridor (see figure 8.1). The intensity and impact magnitude
from vessel noise and rock placement is therefore rated low impact magnitude and the overall
significance minor.”

This section elaborates on this assessment and adds support to the conclusion.

The Natura 2000 site Hoburgs Bank och Midsjobankarna is heavily trafficked by large cargo ves-
sels and passenger ferries. All of these emit underwater noise and are likely to disturb the behav-
iour of nearby porpoises to a smaller or larger degree (Hermannsen et al. 2015). Very little infor-
mation is available, however, on the behaviour of porpoises in reaction to ship noise. Studies in
captivity indicate that porpoises react to the higher frequencies of the noise, above 1 kHz, and at
low levels, Leq around 130 dB re. 1 pPa (Dyndo et al. 2015). Other studies on noise from various
merchant ships in the outer Baltic have shown that there is considerable energy in the noise also at
ultrasonic frequencies up to at least 100 kHz, and out to ranges of at least 1 km (Hermannsen et al.
2015).

Both could indicate that porpoises could react to ships at considerable distances, maybe several
kilometres away. Speaking against very long reaction distances is the fact that some of the most
heavily trafficked waters of the western Baltic, such as the Kadet Trench, the Great Belt, the
northern Sound and the northern tip of Skagen are also some of the areas where the highest con-
centrations of porpoises are found (Sveegaard et al. 2011).

A recent study conducted on porpoises in the Istanbul Strait showed that porpoises are more likely
to change behaviour, for example from surface-feeding or travelling to diving, if vessels are within
a 400 m radius of the porpoise. Furthermore vessel speed and distance have a significant effect on
the probability of response of the porpoises to the ship (Bas et al. 2017). Such changes in behav-
iour indicate that vessels do disturb the animals at close range, but the study found no overall sig-
nificant effect of the disturbance on the animals' cumulative (diurnal) behavioural budget (i.e. total
amount of time spent on the different types of behaviour). The correlation between swimming
speed and the probability of porpoises responding by changing their swimming direction is illus-
trated in Figure 5. This shows that at any given ship speed there is little probability (<10%) of a
behavioural reaction if the boat is more than 400 m away and furthermore that as ship speed in-
creases from slow (<3 knots) to fast (>9 knots), the probability of reaction to the ship 200 m away
increases from about 10% to 40%.

11
W-PE-EIA-PSE-REP-805-DCERESEN-01



Note from DCE on marine mammals in the Swedish Baltic Sea

[ T I T
1.0 —— Slow
---- Medium
g 08 _ ‘-. ........ Fast
[ o
o
&
© 0.6
G
=
= 0.4 -
[
0
o
o 0.2 -
00 ] {11 0T DUT WD BT O O
| | T | |
0 200 400 600 800

Distance to nearest vessel (m)
Figure 5 Probability of porpoises responding to a ship by a change in swimming direction as a function of the distance
to the nearest vessel for slow (<3 knots, solid line), medium (3-9 knots, dashed line) and fast (>9 knots, dotted line)
moving vessels. The lines represent the fitted values of the best fitting generalized linear model. The distribution of
distance values for responding and non-responding porpoises are shown by the top and bottom rug plots, respectively.
n = 305 (From Bas et al. 2017).

No similar studies are available for Baltic harbour porpoises or even porpoises in the Danish
Straits, so it is not known whether the same distances apply to porpoises in the Baltic proper. As a
precautionary measure in the modelling in section 4.1-4.2, we have assumed that all porpoises
within 200 m of a vessel are disturbed.

5.1 Estimate of current habitat loss caused by shipping

Based on information received from AIS messages transmitted by the vessels and an estimate of
the effective disturbance radius of ships, the habitat disturbance can be estimated. The habitat
disturbance (HD) is expressed as a ratio between the disturbed area and the total area of the Natura
2000 sites. This ratio can either be expressed as habitat disturbance as a function of time, or as a
function of geographical coordinates.

The current level of disturbance is estimated from two representative samples of AlS-records from
commercial ships in the Natura 2000 site. Each sample was one week; one from February 2014
and one from July 2014.

The positions of individual ships (632 from February, 644 from July) were converted to Universal
Transverse Mercator (UTM) projection, separated into passages through the Natura 2000 site and
resampled on a common and regular time scale with one position every 10 minutes. Grid
resolution was 50x50 m. For each 10 minute time step the habitat disturbance was calculated as:

HD(t) = disturbed grid cells at time t/total grid cells in Natura2000 site,

where a cell was counted as disturbed if the centre of the cell was closer to a ship than the
effective disturbance radius (rerr). Results are shown in Figure 6.

12
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Figure 6 Habitat disturbance factor (HD) estimated from AlS-derived ship traffic during two representative weeks in
February and July 2014, respectively. HD expresses the fraction of the total area of the Natura2000 sites which at any
given point in time (resolution 10 minutes) is within 200 m of one or more ships and thus considered to be disturbed (for
porpoises).

The habitat disturbance fluctuates considerably with time. However, it was never zero or close to
zero, which is an indication of the fact that one or more ships are always present inside the Natura
2000 site. Average habitat disturbance of the two randomly selected weeks are very similar,
although slightly higher in summer, indicative of a very low seasonal variation in shipping levels
across the year. This is in turn probably a reflection of the relatively large ships largely being
unaffected by weather and ice further into the Baltic, resulting in very little annual variation in
ship traffic.

The spatial habitat disturbance of the grid cell in column i and row j was calculated as:

HD(i,j) = Number of 10-minute intervals where the cell was disturbed/total number of observation
intervals,

where disturbance is defined as for HD(t) above. Results are shown in Figure 7.
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Figure 7 Habitat disturbance factor (HD) estimated from AlS-derived ship traffic during two representative weeks in
February and July 2014, respectively. HD in the spatial formulation expresses the fraction of time (out of one week)
where each grid cell (50x50 m) was within 200 m of one or more ships and thus considered to be disturbed (for por-
poises).

From the two maps, it is evident that the main disturbance occurs in the shipping lanes through the
area: the most heavily trafficked main shipping lanes through the north-western part of the area
and the less trafficked deep-water route through the central part.

The grand average of the habitat disturbance, HD, is found as the average of either HD(t) or
HD(i,j), the two results being identical.

HD can also be estimated in a simpler way, without spatial modelling and simulation, from the
following equation:

2 +dN
HD =~ Eq, 3
Where refs is the effective disturbance range; d is the average time it takes for one ship to pass

through the area; T is the time interval assessed (one week in this example); N is the total number
of ships passing; and A is the total area of the Natura2000 sites.

In both cases HD express the average proportion of the total area in which porpoises are disturbed
due to presence of the ships. Estimates of the disturbance are shown in Table 1.

Table 1 Habitat disturbance ratio, which expresses the average fraction of the Natura 2000 site considered
unavailable to porpoises due to disturbance from ships. Estimates are given for summer and winter and
computed by two different methods: spatial modelling and based on average ship passage time (equation 3).

HD from modelling 0.00020 0.00021
HD from equation 3 0.00024 0.00025
14
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5.2 Cumulative habitat loss caused by the pipelay vessel, support vessel and ploughing
vessel

The same computation as above can be repeated for the slow moving construction vessels (includ-
ing pipelay vessel, support vessels and ploughing vessel), which will provide the incremental
(cumulative) impact of the pipeline construction.

Basis for the computation was AlS-information obtained during construction of the Nord Stream
pipeline. One pass of the pipe-laying vessel (Castoro Sei) through the Natura 2000 sites was se-
lected. This passage started on 1.1.2012 and lasted 64 days. During this period 12 other vessels
took part in the operation. The combined habitat disturbance from the passage of Castoro Sei and
support vessels were computed in the same way as for the commercial vessels.

The noise levels around the pipe laying vessels were clearly elevated during construction, as doc-
umented by the monitoring program (Johansson & Andersson 2012). Measurements about 1.5 km
from the pipeline corridor indicated an elevation in the low frequency range (below 3 kHz) of
about 20 dB, compared to the baseline levels. These measurements indicate that the noise generat-
ed by the slow moving Castoro Sei was higher than from a slow moving normal ship of the same
size, but on the other hand comparable in characteristics and level to the noise of a fast moving
(15-20 knots) merchant vessel (Johansson & Andersson 2012). Based on these observations, the
reaction distance of porpoises was set at 200 m, similar to the merchant ships modelled above.

A0 Nordstream ships 2012 Nordstream ships 2012 A0
' ' ! ' ' ! ' ' ! ' ' ! 6300 \

0g
0.8

3.5} . 6250 107

406

Deterrence ratio
MNorthing (km)
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1.1 81 151 221 291 52 122 192 262 43 113 183 253 Easting (km)
Date

Figure 8 Contribution by the pipelaying vessel and support vessels to the habitat disturbance factor, estimated from
actual pipelaying operations during construction of Nord Stream. Scales are identical to scales in Figure 6 and Fig-
ure 7 and thus directly comparable.

The habitat disturbance is very constant throughout most of the construction period (Figure 8),
reflecting the slow, but continuous movement of the pipelaying vessel through the area. Two peri-
ods in the beginning show decreases in disturbance, likely due to bad weather and thus stop in
construction activities. The decrease in disturbance towards the end of the period is likely a reflec-
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tion of the support vessels operating in front of the pipelaying vessel begins to move out of the
area, together with shorter and shorter commuting routes for the service vessels sailing back and
forth between harbours and the pipelaying vessel. From the map it is evident that although there
was a very busy traffic to and from the pipelaying area, the main disturbing factor is the slowly
moving pipelaying operation itself.

The disturbance estimated from the pipelaying operation can be compared to the predicted dis-
turbance form the shipping routes, computed below (Table 2). As there only is limited overlap in
space between the pipeline and the shipping lanes (during the crossing of the deep water shipping
lane and when paralleling close to the shipping lane southeast of Hoburgs Bank) the two contribu-
tions are simply added in a conservative approach. This could in the worst case give a small over-
estimation of the cumulative impact, as the Nord Stream ships move into area where other ships
are present.

Table 2 Cumulative increase in habitat disturbance, as estimated above, and expressing the mean fraction of the Natu-
ra 2000 site considered unavailable to porpoises due to disturbance from the ships.

HD Regular shipping 0.00020 0.00021
HD Nord Stream 0.00005 0.00005
HD total 0.00025 0.00026
Cumulative increase 25% 24%

The estimated disturbance caused by existing shipping in the area is very low, and does not appear
to change much between summer and winter. On average less than 1/1000 of the Natura 2000 site
is expected to be disturbed by ships. In relative terms, the construction of the Nord Stream pipe-
line is estimated to have caused an increase in disturbance of about 25% on top of the disturbance
from regular shipping. However, as the absolute levels are very low, the combined disturbance
was still low and it is considered unlikely that this increase could have translated into significant
detrimental effects on the local population of porpoises.

The disturbance from construction of Nord Stream 2 is expected to be different than the disturb-
ance caused by Nord Stream. The fact that construction will be faster will decrease the overall
impact. While the construction is ongoing, the habitat disturbance may be comparable to what was
modelled above, but the duration of the impact will be smaller, hence the total impact smaller.
Other types of ships will be used for construction of Nord Stream 2. Most significant will likely be
the absence of anchor handling vessels, as ships will use dynamic positioning for construction of
Nord Stream 2. This will on one hand reduce the number of vessels, again reducing the disturb-
ance, but on the other hand, the ducted propellers used in dynamic positioning are known to be
noisy, although not well studied. All in all, however, the cumulative increase in the disturbance
caused by presence of the Nord Stream 2 vessels inside the Natura 2000 site is assessed to likely
be similar to, or less than what was caused by construction of Nord Stream.

16
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6. Masking of porpoise sonar and communication by ship
noise

Masking of porpoise sounds by ship noise was only touched lightly upon in the background report
to the EIA (Sveegaard et al. 2016):

However, as the current level of knowledge about conditions where masking occur outside strict-
ly experimental settings and how masking affects short term and long term survival of individuals,
it is not possible to assess masking, except noting that the zone of audibility can be used as a very
precautionary indicator to the possible extent of the zone of masking.”

Masking caused by construction noise was thus considered a negligible impact. This assessment is
qualified further below.

Loud noise has the capacity to mask the reception of weaker sounds of importance to the porpois-
es. These sounds can be the animal’s own echolocation signals, communication signals from other
porpoises, including between mother and calf (Clausen et al. 2010); or other sounds that the ani-
mals may use to find prey or navigate. From studies in captivity, it is well known that a require-
ment for masking to occur is that there is an overlap in both time and frequency range between the
noise and the sound in question. This means that for masking of sonar and communication sounds
to take place, the noise must have substantial energy in the frequency range around 130 kHz, the
frequency band used by porpoises in echolocation (Villadsgaard et al. 2007), and communication
(Clausen et al. 2010). Noise from shipping and construction work has a very strong emphasis in
the very low frequencies (e.g., McKenna et al. 2012; Hermannsen et al. 2015), but can contain
substantial energy above ambient noise levels also at higher frequencies and thus also in the fre-
guency range of porpoise vocalisations. The higher frequencies do not propagate far from the ship,
however, due to the increase in absorption with frequency.

Noise from construction activities were measured during construction of the Nord Stream pipe
line (Johansson and Andersson 2012). They conducted measurements on the sea bed approx. 1.5
km from the pipe line traché and recorded noise from both the pipe laying vessel (Castoro Sei) and
the subsequent trenching (ploughing). They reported elevated levels during both activities, com-
pared to background levels, as seen in Table 3.

Table 3 Measurements of noise during construction of the Nord Stream pipeline, as measured 1.5 km from the pipeline
traché and compared to ambient conditions at the same location. Bandwidth of recordings were 25 Hz — 3 kHz and unit
is dB re. 1 pPa. From Johansson and Andersson (2012). L95 and L5 are percentiles, thus indicating the levels exceed-
ed 95% and 5% of the time, respectively.

Ambient 110.9 99.2 116.6
Pipelay 130.5 121.4 134.0
Trenching 126.0 118.7 129.8

The noise levels were clearly elevated during construction, about 20 dB, a little less for trenching
than pipelaying. All three indicators, mean and two percentiles, appears equally affected, indicat-
ing that the entire noise regime has been elevated by 20 dB.
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Unfortunately, the bandwidth of the recordings were limited to 3 kHz, so it is unknown to what
degree noise levels were elevated at higher frequencies, most importantly above 100 kHz where
the porpoise vocalisations are located. It is likely that energy was present also in this frequency
band, thus giving potential for masking.

Measurements at a second measuring station about 25 km from the pipeline showed marginally
higher noise levels during construction activities compared to ambient, for the pipelaying possibly
partly attributable to the construction activities (Johansson & Andersson 2012).

Although there is potential for masking to occur due to the noise from the construction activities,
as noise above ambient and in the relevant frequency range around 130 kHz is likely to be present,
it is close to impossible to quantify the level of masking. Likewise it is close to impossible to
quantify the level of masking due to the existing shipping through the Natura 2000 site. Any at-
tempt to compare the two would be even more difficult. Although some authors have attempted to
quantify the possible level of masking, through indices such as the range reduction factor (Mghl
1980), or otherwise (Clark et al. 2010), such quantifications require a much better description of
ambient noise and masking noise than what is available and still be based on poorly founded as-
sumptions about the masking itself.

Therefore, instead of a quantitative approach to masking, some common sense considerations are
presented. These considerations relate to the likely extent of a zone of masking, the likely reaction
from porpoises to the masking and the possible consequences of this masking.

Masking is a natural phenomenon that occurs all the time

Masking occurs every time the ambient noise (natural or man-made) exceeds the hearing threshold
in the relevant frequency range. This means that porpoises, just as all other animals with sensitive
hearing, may be limited in echolocation range and communication distanced by ambient noise,
rather than the absolute sensitivity of their hearing, at least for parts of the time. Some natural
phenomena, one good example being rain, can generate very high levels of noise and thus expose
animals to high levels of natural masking.
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Figure 9. Examples of mean measured noise spectra at different levels of rain in the Mediterranean Sea. The curves
show that noise levels can be elevated by 5-10 dB across the entire frequency spectrum during heavy rain. From
(Pensieri et al. 2015).

Porpoises are likely to respond to masking by behavioural changes

As masking is a naturally occurring phenomenon it is reasonable to assume that porpoises and
other animals react to masking in an adaptive way. In particular for a female porpoise with a de-
pendent calf, an appropriate behaviour to noise at levels capable of masking would be to stay clos-
er together, thus compensating for a decrease in maximum communication range. If noise levels
increase even further, so as to make communication difficult even at close range, then the adaptive
reaction would be for the animals to move away from the noise source.

Porpoises are likely to have evolved appropriate responses to loss of communication

About the worst that could happen to a porpoise calf still dependent of its mother is to become
separated from the mother, outside communication range. In theory, and perhaps also in practice,
this could occur if at a time when the mother and calf are some distance apart, a sudden noise in-
stantly makes communication impossible. Such a noise could be a nearby ship that suddenly turns
on the engine at full power, but it could also be natural events, such as the sudden onset of a heavy
rain shower, as illustrated above. The fact that such a masking could occur due to natural sources
would suggest that mother and calf have evolved some adaptive behaviour to deal with such a
possible separation. Such a behaviour has not been described, but could consist of the calf remain-
ing stationary while emitting so-called distress-signals (Clausen et al. 2010), and the mother at the
same time searching the area systematically. Thus, by this line of reasoning, it is far from certain
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that a break of communication between mother and calf due to masking or otherwise necessarily
leads to permanent separation of the two (and likely death of the calf).

The above reasoning suggests that porpoises could react in a sensible way to the presence of ship
noise, by evading the vicinity of the ship and thereby reduce the masking. In fact, one could
speculate whether the evasive reaction observed to ships (Figure 5) could be partly explained by
such a response. Furthermore, assuming a worst case scenario of permanent separation as a result
of a short break of communication between mother and calf likely relies on a significant underes-
timation of the abilities of the animals to re-locate each other following a separation.

Therefore, considering the nature of the noise from the construction activities and the likely re-
sponses of the animals, it is considered unlikely that the construction activities will add to any
significant degree to the present level of masking in the area, attributed to the shipping lanes and
especially that such an increase in masking would lead to significant impact on individual por-
poises.

7. Conclusion

Summing up from the above sections the following is concluded on the three main issues of con-
cern raised by the Swedish Authorities:

Barrier effect by pipeline noise
The noise is almost certainly going to be below ambient noise and thus inaudible to porpoises.

Disturbance of behaviour from pipelaying

In this study, porpoises are conservatively assumed to be completely deterred from ships in a dis-
tance of up to 200 m. When using this assumption, the disturbance i.e., the absolute area estimated
to be unavailable to porpoises is 0.0002% of the Natura 2000 site caused by regular traffic and an
additional 0.00005% caused by the NSP2 vessel traffic during pipelaying. The impact of the pipe-
laying operation is thus assessed to be insignificant for porpoises.

Masking of communication and echolocation by noise from pipelaying

Pipelaying vessel are likely to significantly elevate ambient noise levels around the ship(s): esti-
mated 20 dB at 1.5 km distance in the frequency range below 3 kHz (from construction of Nord
Stream), and likely also at higher frequencies.

There is thus potential for masking of echolocation and communication between porpoises locally
around the ship(s).

The affected area is insignificant in relation to the entire Natura 2000 site and the effect of mask-
ing is considered to be effectively mitigated by appropriate behaviour of the porpoises (evasion).
Overall impact of masking is therefore considered insignificant.

Consequently, the extended analysis and reviews conducted here supports the conclusions from
the original assessment in Sveegaard et al. 2016.
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As a final note, it is worth to mention that DCE during the preparation of this report have been
informed by NSP2 about some project optimisations (mainly an increased pipelay speed, leading
to fewer construction days, and a reduced need for seabed stability measures) within the Natura
2000 area. Such changes would naturally further strengthen the conclusions reached in this paper.
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