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1 Introduction

In connection with Ran Vindpark ABs intentions to establish the Ran offshore wind farm in Sweden, geotech-
nical survey activities are required to gather necessary information about the seabed, for the installation of
foundations and cables.

The purpose of this note is to conduct a screening of the underwater noise emission from proposed geotech-
nical survey activities, and to evaluate their potential to inflict harmful doses of noise on relevant species of ma-
rine mammals and fish.

2 Description of activities
The geotechnical investigations proposed by Ran Vindpark AB, include the following investigation activities

within the survey area. The final survey programme has not been made available to NIRAS, and any of the listed
investigation activities may not be required. The evaluation of their impact is therefore covered separately.

Activity Description

Cone Penetration Test Rods are pushed into the seabed soil by hydraulic force, until target depth. As

(CPT)/Down-hole CPT soil resistance increases to the point where this is no longer possible, drilling
is required (mostly in mainly sandy soil conditions).

CPTu The same as for CPT but also the pore pressure will be measured during the
process.

Seismic CPT Similar to CPT which stops in intervals (each meter till target depth) and an

energy impulse will be applied on the seabed surface to measure the re-
sponse at the CPT rods.

Seabed CPT The same as CPT, but no drilling will be done to reach the shallow soil depth.
Drilling (boreholes) Boreholes will be drilled to gain core samples to the target depth for lab tests
P-S-Logging A borehole drill with stops in intervals (here also each meter till target depth).

A sensor will be placed in the bore hole and energy impulse will be applied
on the seabed surface (similar to sCPT).

Vibrocore A small sample tube with a soil catcher will be vibrated into the soil. The vi-
brator is mounted on top of the tube.

In addition to these sources, the survey vessel contributes to the overall noise emission, primarily while holding
position during geotechnical activities using a dynamic positioning (DP) system.

From an underwater noise emission perspective, the intended geotechnical investigations can be divided into
the following source categories:

1. Drilling (BH, P-S-Logging)

2. Vibrocore

3. CPT - Cone Penetration Tests (CPT, CPTu, sCPT, Seabed CPT)
4. Survey vessel (Dynamic Positioning system (DP))
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3 Criteria for evaluating the impact

For the survey area and surroundings, the marine mammal species of interest are harbour seals, grey seals, and
harbour porpoise.

Based on the newest scientific literature, species specific frequency weighted Lg cym 24n threshold values (NOAA,
2018), (Southall B. , et al., 2019) for temporary threshold shift (TTS) and permanent threshold shift (PTS) are
used, see Table 3.1, where criteria for both impulsive and non-impulsive noise is provided.

In differentiating between impulsive and non-impulsive criteria for PTS and TTS criteria, the following character-
isation from (NOAA, 2018) is followed:

e Impulsive: Sounds that are typically transient, brief (duration < 1 s), broadband, and consist of high
peak sound pressure with rapid rise time and rapid decay.

¢ Non-impulsive: Sounds that can be broadband, narrowband, or tonal, brief, or prolonged, continuous,
or intermittent, and typically do not have a high peak sound pressure with rapid rise nor decay time.

Source types which fall under the impulsive PTS/TTS criteria include impact pile driving, airguns, explosives, and
certain geophysical survey equipment types, such as sparkers and boomers.

For the non-impulsive PTS and TTS criteria, source types include vibratory pile driving, noise from operational
wind turbines, vessel noise, geotechnical equipment types and certain geophysical equipment types. Sources
involved in this prognosis, are all classified as non-impulsive. The threshold criteria for impulsive noise are only
listed for comparison.

Table 3.1: Threshold criteria for marine mammals. PTS and TTS criteria (NOAA, 2018) for hearing group classifications in
(Southall B., et al,, 2019). "xx" notation refers to species specific weighted levels.

Species Swim Threshold criteria Lg cym 24h xx [dB Te. 1 pPa’s]

speed PTS TTS

[m/s] Non-impulsive impulsive Non-impulsive Impulsive
Harbour Porpoise (VHF) 15 173 dB 155 dB 153 dB 140 dB
Seal (PCW) 1.5 201dB 185 dB 181dB 170 dB

There are currently no scientifically established threshold criteria for the avoidance behaviour effect of activities
with non-impulsive noise characteristics for marine mammals. Impact ranges are therefore not directly calcu-
lated for the proposed equipment types; however reflections are provided in the respective sections below.

Most fish, detect sound from the infrasonic frequency range (<20 Hz) up to a few hundred Hz (e.g. Salmon, dab,
and cod) whereas some fish species with gas-filled structures in connection with the inner ear (e.g. herring) de-
tect sounds up to a few kHz. The main frequency hearing range for fish is therefore overlapping with the fre-
quencies, produces by most of the suggested geotechnical equipment. As for marine mammals there are no
studies defining fish behavioural response threshold for continuous noise sources, and the scientific data ad-
dressing TTS from such noise sources is limited. The only studies providing a TTS threshold value for fish is from
experiments with goldfish. Goldfish is a freshwater hearing specialist with the most sensitive hearing in any fish
species.
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The marine fish species that can be found in the Ran OWF area all have a less sensitive hearing, compared to
the goldfish (Popper, et al.,, 2014), and using threshold for goldfish will lead to an overestimation of the impact.
Empirical data for several of the fish species without a connection between the inner ear and the gas-filled swim
bladder (e.g. different flatfish and Salmonidae, that can be found in the project area) showed no TTS in re-
sponses to long term continuous noise exposure (Popper, et al.,, 2014). In a study by Wysocki et al. (2007), rain-
bow trout exposed to increased continuous noise (up to 150 dB re 1 pyPa rms) for nine months in an aquacul-
ture facility, showed no hearing loss nor any negative health effect.

Impact ranges for behavioural avoidance responses and TTS in fish are therefore not directly calculated for the
proposed equipment types, however reflections are provided in the respective sections below.

4 Evaluation of geotechnical survey activity impact

In the following sections, each activity type is evaluated for its potential to cause harmful auditory effects on
fish and marine mammals, based on available scientific literature.

4.1 Drilling

There are very few measurements of underwater noise from drilling activities (Erbe & McPherson, 2017), but
studies where underwater noise from geotechnical drilling activities has been measured, show that the noise is
limited to the low-frequency range. Reported source levels are between SPLgys = 142 —

145 dB re.1 uPa @ 1m, with primary frequency content located between 30 Hz — 2 kHz (Erbe & McPherson,
2017), see frequency spectrum as measured in Figure 4.1.
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Figure 4.1: Frequency spectrum from underwater noise measurements of shallow water geotechnical drilling at Geraldton (left)
and James Price Point (right) (Erbe & McPherson, 2017).

To understand the potential underwater noise emission in metrics relevant for the marine mammals of interest,
the frequency spectrum shown in Figure 4.1 was frequency weighted (filtered) with the VHF-weighting curve for
harbour porpoise, and PCW-weighting curve for seals, as proposed by NMFS (2018) and Southall et al. (2019).
The weighted noise levels should more accurately represent what the marine mammals hear.
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Given an unweighted source level of SPLyys = 145 dB re.1 uPa @ 1m, and based on the reported frequency
spectra, the corresponding VHF-weighted source level was assessed to be SPLgyswur) ~ 110 —
115 dB re.1 uPa @ 1m, and PCW-weighted source level of SPLgyspcwy = 120 — 125 dB re. 1 uPa @ 1m.

Drilling is considered a stationary activity, characterized by a non-impulsive continuous noise output. After drill-
ing begins, it continues until completion of the activity. It is therefore considered a predictable noise activity.
Frequency wise, it is considered comparable to vessel noise, however with a significantly lower source level. Be-
haviour effects are therefore considered likely to be less than that of a moving vessel.

The duration of a drilling activity has not been estimated, and a worst case approach is therefore assumed with
continuous drilling for 24 hours. For a stationary marine mammal, this would correspond to adding ~50 dB to
the source level. For harbour porpoise, the cumulative underwater noise level at 1 m distance would therefore
be SELcaanwur) = 160 — 165 dB re.1 uPa @ 1m, and for seal SELcyanpcwy = 170 — 175 dB re. 1 uPa @ 1m.

With a PTS threshold criterion for continuous noise of 173 dB, PTS is therefore unlikely to ever occur. For the
TTS threshold criteria of 153 dB, it is however possible, that a stationary harbour porpoise could experience TTS
at up to 10 m distance. Harbour porpoises are however not stationary, as they constantly hunt for food, and
when including an avoidance response in the calculation of the cumulative noise dose, it is unlikely that the har-
bour porpoise would experience TTS even if located at 1 m distance from the drill at activity onset. For harbour
seal, even conservatively assuming stationary behaviour over 24 hours, even the TTS threshold criteria is not
met at 1 m distance, and is therefore considered unlikely to occur. The calculated impact ranges for the drilling
activity, are summarized in Table 4.1.

Table 4.1: Impact range for drilling activity, assuming fleeing behaviour.

Species Impact range (m from activity)
SELCZ4-h,<weighting>
TTS PTS
Harbour porpoise <Im <1m
Harbour seal <1m <1m

With calculated TTS and PTS impact distances of less than 1 m for both seals and harbour porpoise, it is as-
sessed that auditory injures are unlikely to occur. Behavioural Impact distances for marine mammals are consid-
ered likely to be less than that of a moving vessel and is therefore assessed to be negligible.

For fish, no impact distances have been calculated. The frequency content of the drilling noise is within hearing
range of fish, however given the low source level of the drilling activity of SPLgys = 145dB re.1 yPa @ 1m, it is
assessed that underwater noise from drilling activities will have a negligible impact on fish.

If the vessels DP system is active during deployment, retrieval and/or drilling, the impact range will increase.
This is covered in section 4.4.

4.2 Vibrocore

Vibrocore equipment may be used to gather core samples. A vibrocorer functions by means of a vibratory ham-
mer driving a hollow steel cylinder into the seabed soil until a target depth is reached, after which the cylinder
and vibratory hammer is pulled back up from the seabed and the core can be extracted from within the cylin-
der.

Measurements of underwater sound emissions from vibrocore equipment with a simultaneously active DP sys-
tem was investigated in (Reiser, Funk, Rodrigues, & Hannay, 2011). In Figure 4.2 the frequency spectrum of the
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measured underwater noise emission is provided for the two measurement positions, 207 m (left side plot) and
74 m (right side plot). The duration of a vibrocore activity has not been specified by the client, however has
been estimated to be 10 — 45 minutes per deployed location, depending on soil conditions and target depth.
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Figure 4.2: Frequency spectrum in 1/3 octave bands from measurement of underwater noise from vibrocore operation at 207 m
distance (left) and 74 m (right), (Reiser, Funk, Rodrigues, & Hannay, 2011).

In order to determine impact ranges from the limited information provided in (Reiser, Funk, Rodrigues, &
Hannay, 2011), the broadband recorded levels were calculated both unweighted, as well as VHF- and PCW-
weighted, based on the 1/3 octave levels presented in Figure 4.2.

In (Reiser, Funk, Rodrigues, & Hannay, 2011), the source level SPLgys = 187.4 dB re.1 uPa @ 1m was also pro-
posed based on a back-calculation from the measurements.

For the 74 m measurement distance, the sound levels are estimated to be:

e Unweighted broadband: SPLgys = 154 dB @1m
e VHF-weighted broadband: SPLruswury = 139 dB @1m
e PCW-weighted broadband: SPLruspew) = 152 dB @1m

Similarly, for the 207 m measurement distance, the sound levels are estimated to be:

e Unweighted broadband: SPLgys = 146 dB @1m
e VHF-weighted broadband: SPLruswury = 130 dB @1m
e PCW-weighted broadband: SPLruspew) = 144 dB @1m

Translating this into sound propagation loss factors as a function of distance, it corresponds to approximately
18 dB/decade. The measurement data would suggest, that this approximation is fair both unweighted and
PCW-weighted, and slightly conservative VHF-weighted.

Vibrocoring is a stationary activity, with a continuous non-impulsive noise output. It is considered a predictable
noise activity in that it does not move during the duration of the activity. Frequency wise, it is considered a
broadband signal with significant energy up to 10 kHz. In terms of source level, it is in the same range as cargo,
cruise, and containerships, as per reported source levels in (Jiménez-Arranz, Banda, & Cook, 2020). While it is
not directly comparable to vessel noise, which is typically considered to have less energy in the higher
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frequency range, it is instead a stationary non-moving source, and therefore more predictable. Behaviour ef-
fects are therefore considered likely to be less than that of a moving cargo, cruise, or container ship.

The duration of the vibrocore activity has not been provided by the client, but from previous experience with
geotechnical survey activities and literature (GEO, 2009), NIRAS estimates a conservative operational time up to
1 hour per sample and up to 10 samples taken pr. 24 hour period. For a stationary marine mammal, this would
correspond to adding ~36 dB to the source level. For harbour porpoise, the cumulative underwater noise level
at 1 m distance would therefore be SEL¢y4nr = 166 dB re.1 uPa @ 207m, and for seal SELcy4npewy =

180 dB re.1 uPa @ 207m.

Assuming 18 dB/decade propagation loss, the distance to the PTS threshold criteria for a stationary harbour
porpoise is calculated to be ~75 m, and ~900 m to the TTS criteria. For a fleeing harbour porpoise the distances
reduce to < 10 m for PTS, and 175 m for TTS.

For seal, assuming stationary behaviour, the corresponding distances are ~200 m for TTS and ~20 m for PTS,
while the distances assuming fleeing behaviour are < 10 m for TTS and < 1 m for PTS. The impact ranges calcu-
lated for the use of vibrocore, are summarized in Table 4.2.

Table 4.2: Impact range for vibrocore activity, assuming fleeing behaviour

Species Impact range (m from activity)
SELCZ4h,<weighting>
TTS PTS
Harbour porpoise 175 m <10 m
Harbour seal <10m <1m

With calculated PTS impact distances of less than 10 m for harbour porpoise and less than 1 m for seals and
with calculated TTS impact distances of 175 m for harbour porpoises and less than 10 m for harbour seals , it is
assessed that auditory injures are unlikely to occur. Behavioural Impact distances for marine mammals are con-
sidered likely to be less than that of a moving vessel and is therefore assessed to be negligible.

For fish, no impact distances have been calculated. The frequency content of the noise from the vibrocore is
within the hearing range of fish, however given the low source level of the vibrocore of SPLgys =

154 dB re.1 uPa @ 74 m, it is assessed that underwater noise from vibrocore will have a negligible impact on
fish.

4.3 Cone Penetration Test (CPT)

Two main types of CPT activities have been proposed; CPT and Seismic CPT. Common for both types, a CPT
cone is pushed into the seabed, and through sensors mounted in/on the cone, the vibration through the sedi-
ment is registered, and provides data on the sediment. With seismic CPT, in addition to the CPT cone, an excita-
tion pulse is generated by a device placed on the seabed nearby, which creates a motion and transfers it into
the seabed for further data input. There are different designs, one of which consist of a frame-mounted, cylin-
der-encapsuled, spring loaded weight that, on release, is accelerated against an end-cap. This creates an impact
pulse. The pulse is then structurally transferred through the frame into the seabed. The noise source in this ac-
tion consists of the noise from the impact itself, as well as from the vibration of the frame.

It has not been possible to acquire underwater noise measurements for this type of equipment, and according
to GEO (one of the companies providing such services), no noise measurements have yet been conducted. It is
therefore not possible to compare noise levels to any thresholds. A study using a mini-CPT was however found
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(Erbe & McPherson, 2017), wherein the noise from the CPT system itself was not possible to measure over the
noise from the survey vessel. This is due to the use of a Dynamic Positioning (DP) system on the survey vessel,
which maintains vessel position, using thrusters, while the tests are conducted. This is discussed further in sec-
tion 4.4.

For the seismic source used in seismic CPT tests, noise emission is considered to have two potential sources.
The impact of the weight against the endcap, and the vibration of the frame. The impact of the weight against
the endcap, occurs inside a closed metallic cylinder, and it is therefore assessed to be effectively attenuated,
and insignificant relative to any impact on marine mammals and fish. While the vibration of the frame occurs in
direct contact with the water, it is not expected to result in a significant noise emission, rather a low amplitude
“ringing” effect. It is not expected to cause any negative impact on marine mammals or fish at any distance. It
must however be emphasized, that the above assessment relies only on the supplier's description of the equip-
ment operation, and a qualified guess on the impact.

The CPT and seismic CPT are assessed to cause underwater noise levels at low levels in relation to the marine
mammals hearing abilities, however while the CPT systems themselves do not produce significant noise, the
survey vessel DP system is expected to be active during CPT tests, and is expected to cause measurable noise
levels.

4.4 Vessel noise (Dynamic positioning)

While the geotechnical survey is undertaken, the survey vessel is expected to hold its position using “Dynamic
Positioning,” (DP mode), where vessel thrusters and propellers counteract the forces applied on the vessel by
the environment. This action results in underwater noise emission, as documented by (Reiser, Funk, Rodrigues,
& Hannay, 2011). Here, a source noise level of SPLgys = 175.9 dB re.1 uPa @1m was back-calculated based on
measurements at 207 m and 74 m, and with frequency content as shown in Figure 4.3.

No third octave sound levels were available for the measurements, however based on the frequency spectrum
and reported unweighted source level, a VHF-weighted source level is estimated to be SPLgyswur) = 143 —
146 dB re.1 uPa @1m, and SPLgyspcw) = 153 — 156 dB re. 1 uPa @1m for seal.
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Figure 4.3: Frequency spectrum from measurement of underwater noise from survey vessel “Ocean Pioneer” in DP mode, meas-
ured at 207 m distance (left) and 74 m (right) (Reiser, Funk, Rodrigues, & Hannay, 2011).

The duration of the DP system per deployment has not been provided by the client, but from previous experi-
ence with geotechnical survey activities and literature (GEO, 2009), NIRAS estimates a conservative operational
time up to 1 hour per sample, and a total of 30 minutes of deployment and retrieval. For a stationary marine
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mammal, this would correspond to adding ~38 dB to the source level. For harbour porpoise, the cumulative
underwater noise level at 1 m distance would therefore, in the conservative case be SELcoanwur) = 146 +
38dB = 184 dB re.1 uPa @ 1m, and for seal SELcy4npcw) = 194 dB re. 1 uPa @ 1m. Assuming a conservative
15 dB/decade propagation loss, the distance to the PTS threshold criteria for a stationary harbour porpoise is
calculated to be < 10 m, and ~110 m to the TTS criteria. For a fleeing harbour porpoise the distances reduce to
< 1 m for PTS, and < 10 m for TTS.

For seal, assuming stationary behaviour, the corresponding distances are < 10 m for TTS and < 1 m for PTS,
while the distances assuming fleeing behaviour are < 1 m for TTS and < 1 m for PTS. The impact ranges are
summarized in Table 4.3.

Table 4.3: Impact range for Vessel including Dynamic Positioning, assuming fleeing behaviour

Species Impact range (m from activity)
SELC24h,<weighting>
TTS PTS
Harbour porpoise <10 m <Im
Harbour seal <Im <1m

With calculated PTS impact distances of less than less than 1 m for both harbour porpoises and seals and with
calculated TTS impact distances of less than 10 m for harbour porpoises and less than 1 m for harbour seals, it
is assessed that auditory injures are unlikely to occur. Behavioural impact distances for marine mammals are
considered likely to be similar to that of a moving vessel and is therefore assessed to be negligible.

For fish, no impact distances have been calculated. The frequency content of the underwater noise from the DP
system is within hearing range of fish, however given the low source level of the DP system of SPLgys =
175.9dB re.1 uPa @ 1 m, it is assessed that underwater noise from the DP system will have a negligible impact
on fish.

4.5 Summary

A summary of the evaluated impact ranges is provided in Table 4.4.

Table 4.4: Summary of impact ranges, assuming fleeing behaviour.

Activity type Harbour porpoise (VHF) Seal (PCW)
PTS TTS PTS TTS
Drilling <Im <1m <1Tm <1m
Vibrocore <10m 175 m <Im <10 m
CPT - - = -
Vessel (DP) <1Tm <10 m <Im <1m

Overall, the underwater noise impact ranges from the geotechnical survey activities (Drilling, Vibrocore, CPT and
DP) are limited for both marine mammals and fish. It is therefore assessed that underwater noise from all of the
suggested geotechnical equipment activities have a negligible impact on both marine mammals and fish.
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