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1 INTRODUCTION 

1. This Technical Appendix details analysis methodology used to carry out quantitative 

assessment of the potential impacts of underwater noise associated with pile driving activity 

at the Proposed Offshore Development upon key marine mammal species. 

2 METHODS 

2.1 DENSITY SURFACES  

2. Quantitative assessment for auditory injury and disturbance was carried out for eight marine 

mammal species, agreed in consultation with NatureScot (Volume 2, Chapter 10: Marine 

Mammals and Other Megafauna). These were: minke whale (Balaenoptera acutorostrata), 

bottlenose dolphin (Tursiops truncatus), Risso’s dolphin (Grampus griseus), white-beaked 

dolphin (Lagenorhynchus albirostris), white-sided dolphin (Lagenorhynchus acutus), harbour 

porpoise (Phocoena phocoena), grey seal (Halichoerus grypus) and harbour seal (Phoca 

vitulina). 

3. For all cetacean species, with the exception of bottlenose dolphin, density surfaces were 

derived using the most recent (2022 survey) SCANS-IV (Gilles et al., 2023) design-based density 

estimates as described in Volume 2, Chapter 10: Marine Mammals and Other Megafauna. 

Though site-based estimates were available for some species (see Volume 3, Appendix 10.1: 

Marine Mammals Baseline Report), these were not used since these were lower than those 

determined from SCANS-IV, reflecting a precautionary approach as per NatureScot advice 

(Volume 2, Chapter 10: Marine Mammals and Other Megafauna). 

4. For bottlenose dolphin, separate density surfaces were generated to represent the coastal 

bottlenose dolphin population (Cheney et al., 2024) and the offshore bottlenose dolphin 

population. Since there were no observations of bottlenose dolphin during site-based surveys, 

and because all relevant SCANS block estimates in the latest survey (SCANS-IV) were 0, the 

offshore bottlenose dolphin surface was based on the SCANS-III (Hammond et al., 2021) 

estimate for Block S as described in Volume 2, Chapter 10: Marine Mammals and Other 

Megafauna. A bespoke surface was created for the coastal population as described in Volume 

2, Chapter 10: Marine Mammals and Other Megafauna. 

5. For the seal species, density surfaces were derived by scaling surfaces generated by Carter et 

al. (2022) using corrected counts from SCOS (2022) as described in Volume 2, Chapter 10: 

Marine Mammals and Other Megafauna. 

2.2 ASSESSMENT OF THE SPATIAL DISTRIBUTION OF PILING NOISE  

6. Underwater noise modelling was carried out by Subacoustech Environmental using version 

5.3 of their model INSPIRE as described in Volume 2, Chapter 10: Marine Mammals and Other 

Megafauna and in Volume 3, Appendix 8.1: Underwater Noise Modelling Assessment. This 

analysis generated contours representing the ranges within which individuals may experience 

cumulative noise exposure (SELcum) that could result in Permanent Threshold Shift (PTS) for 

different marine mammal hearing groups (low frequency cetacean – applicable for minke 

whale; high frequency cetacean – applicable to dolphin species; very high frequency cetacean 

– applicable to harbour porpoise; and phocid carnivores – applicable to grey and harbour seal) 

at different PTS thresholds, as well as contours representing the noise experienced by the 
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individuals with distance from piling activity, required to quantitatively assess potential for 

disturbance effects.  

7. In addition, the mean and maximum ranges within which the maximum pressure of a noise 

pulse (SPLpeak) could give rise to instantaneous PTS was estimated for different marine 

mammal hearing groups. 

2.3 ESTIMATING NUMBERS OF INDIVIDUALS WITH THE POTENTIAL TO BE 

IMPACTED  

8. For each species (or species population) for which quantitative assessment was carried out, 

the number of individuals potentially at risk of onset of auditory injury (PTS) or to be disturbed 

(i.e., change in animal behaviour resulting from exposure to noise) by piling activity were 

estimated using the impact ranges from the underwater noise modelling for the appropriate 

hearing group and the expected animal density in the area. 

9. Predictions were made for the five operations for which underwater noise models had been 

run, namely, piling of Wind Turbine Generator (WTG) anchors in the north-east (NE), south-

east (SE) and west (W) of the Array Area, piling of an Offshore Substation Platform (OSP) in 

the centre of the Array Area and piling of the Intermediate Reactive Compensation (IRC) 

platform in the Export Cable Corridor (ECC). In addition, a concurrent scenario was modelled 

in which all three WTG locations were assumed to be piled within the same day.  

10. For PTS, species-specific density surfaces were intersected with cumulative PTS contours for 

the appropriate hearing group, and used to estimate the number of individuals of each species 

which have the potential to be exposed to levels of noise sufficient to induce the onset of PTS. 

The animal flee speeds and PTS thresholds analysed are discussed in the chapter (Volume 2, 

Chapter 10: Marine Mammals and Other Megafauna) and presented in Table 2-1.  

11. For the OSP and the IRC locations, modelling was based on an assumption of the installation 

of four piles per day. For each of the single WTG anchor piling scenarios (NE, SE and W), 

modelling was carried out under an assumption of both (1) piling of eight piles per day under 

favourable piling conditions and (2) piling of a single pile per day under more difficult piling 

conditions (see Volume 3, Appendix 8.1: Underwater Noise Modelling Assessment). The 

concurrent scenario assumed simultaneous piling of eight piles per day at each location. 

12. In addition, the number of seconds of Acoustic Deterrent Device (ADD) usage that would be 

required to clear the zone within which individuals have the potential to be affected by 

instantaneous PTS, assuming direct movement of the individuals away from the noise source, 

was estimated as: 

𝑇𝑖𝑚𝑒 𝑡𝑜 𝑐𝑙𝑒𝑎𝑟 𝑖𝑛𝑠𝑡. 𝑃𝑇𝑆 𝑧𝑜𝑛𝑒 (𝑠𝑒𝑐𝑠) =
𝑀𝑒𝑎𝑛 𝑖𝑛𝑠𝑡. 𝑃𝑇𝑆 𝑟𝑎𝑛𝑔𝑒 (𝑚)

𝐹𝑙𝑒𝑒 𝑠𝑝𝑒𝑒𝑑 (𝑚/𝑠)    ×   60
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Table 2-1 Flee speeds and PTS thresholds used to assess the number of individuals with the potential 
to experience cumulative PTS from noise associated with piling activity 

Species Flee speeds Cumulative PTS thresholds 

Harbour porpoise 1.4 m/s, 1.97 m/s 155 dB, 157 dB, 158 dB1 

Minke whale 2.1 m/s, 4.19 m/s 183 dB, 185 dB, 186 dB1 

White-beaked 
dolphin 

1.52 m/s 185 dB 

White-sided dolphin 1.52 m/s 185 dB 

Risso's dolphin 1.52 m/s 185 dB 

Bottlenose dolphin 1.52 m/s 185 dB 

Grey seal 1.8 m/s 185 dB 

Harbour seal 1.8 m/s 185 dB 

 

13. For disturbance, species-specific density surfaces were intersected with disturbance contours, 

and a dose response relationship was used to determine the number of individuals likely to 

be affected sufficiently by the received noise level to cause disturbance. For cetacean species, 

disturbance values were calculated based on responses estimated for both the first and the 

last pile (Graham et al., 2019) (Figure 2-1). The “number of vessels” covariate value required 

to construct the relationship was set to 0. For seal species, the same process was applied, but 

the dose response relationship was that presented in Whyte et al., 2020 (Figure 2-1). 

14. As described in Volume 2, Chapter 10: Marine Mammals and Other Megafauna, numbers of 

individuals that may be disturbed were also estimated using Effective Deterrence Ranges 

(EDRs). Piling locations were buffered by 15 km and 9.4 km, representing the area within which 

individuals may be disturbed. Species-specific density surfaces were then intersected with the 

EDR boundaries and used to determine the number of individuals expected to be within the 

EDRs. 

15. All estimates are presented with upper and lower confidence intervals representing 

uncertainty around input densities using the 95% confidence intervals either provided in the 

sources of the densities, or, in the case of the SCANS estimates, derived as described in 

Volume 2, Chapter 10: Marine Mammals and Other Megafauna. 

 

 

 

1 See Volume 2, Chapter 10: Marine Mammals and Other Megafauna for detail on the additional thresholds 
modelled for low and very high frequency cetaceans. 
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Figure 2-1 Dose response relationships derived using received noise level and harbour porpoise 
occurrence data for the first piling event and the final piling event collected by the University of 
Aberdeen in the Moray Firth in 2017 (from Graham et al., 2019) used to predict cetacean 
disturbance, and the dose response relationship generated for harbour seals in Whyte et al. (2020) 
used to predict seal disturbance 
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2.4 PREDICTION OF POPULATION LEVEL EFFECTS USING IPCOD  

2.4.1 An overview of the iPCoD model 

16. Population level effects of the disturbance and PTS impacts predicted to be associated with 

piling activities at the Proposed Offshore Development were predicted using the interim 

Population Consequences of Disturbance (IPCoD) model (King et al., 2015). This analysis was 

carried out for reference populations of harbour porpoise, minke whale, grey seal and both 

offshore and coastal bottlenose dolphins. Reference populations are described in Volume 2, 

Chapter 10: Marine Mammals and Other Megafauna. 

17. The iPCoD model simulates population growth over time under a baseline scenario and an 

almost identical impacted scenario in which the only difference is that the potential impacts 

of construction noise have been incorporated. 

18. An iPCoD analysis consists of two components. During the first stage of the modelling, the 

total number of days of disturbance and PTS that individuals are anticipated to be exposed to 

per year is predicted and these outputs are used to assign associated adjustments to survival 

and reproductive rates based on values derived from expert elicitation (King et al., 2015).  

19. The second stage of the iPCoD modelling uses Leslie matrices (Caswell, 2001) to project the 

population forward based on either baseline survival and reproductive rates (baseline 

projections) or the updated impacted rates calculated during the first stage (impacted 

projections). This process is repeated, sampling different input parameter values from 

distributions representing stochasticity in these parameters each time, generating a number 

of population trajectories (simulations) from which estimates and associated confidence 

intervals can be derived.  

20. The expert elicitation process used to derive adjustments to reproduction and mortality 

resulting from PTS and disturbance has been carried out twice for iPCoD, once in 2014 (King 

et al., 2015) and again in 2018 (Booth et al., 2019; Booth and Heinis, 2018). During the 2018 

process, the effects of PTS on survival and reproduction were revised downwards and these 

updated values are reflected in the most recent version of the iPCoD tool applied here. 

However, it should be noted that this second process did not include re-estimation of PTS 

effects for minke whale, and therefore the effects of PTS simulated by iPCoD for minke whale 

may be more precautionary compared to those predicted for the other species.  

2.4.2 Input parameters used in the modelling 

2.4.2.1 Global run parameters 

21. All iPCoD models were run using iPCoD version 5.2. One thousand simulations were run for 

each analysis and the threshold for demographic stochasticity, i.e., variation in population 

growth attributable to individual-level stochasticity in survival and/or productivity, was set to 

1,000 for all species.  

22. Density dependence, i.e., changes in population growth rates dependent upon population 

density, was not incorporated into the iPCoD modelling since insufficient evidence is available 

for any of the populations under consideration. 
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23. Due to the wide-ranging nature of all the species modelled, an assumption that the entire 

population is vulnerable to disturbance, i.e., could encounter the piling noise, was made for 

all populations modelled.  

24. For all species, impacts were assessed based on a single season, since the density of most 

species are not expected to vary over the year, and piling activity has been assumed not to 

take place during the winter season when there may be fewer minke whales present. 

25. For all species, it was assumed that individuals would only avoid the piling operation which 

disturbed it and also that individuals can get PTS on any day that they are disturbed rather 

than only on the first day.  

26. All models were allowed to run for 25 years, which is the longest time recommended to be 

used within the iPCoD (Sinclair et al., 2019). 

2.4.2.2 Piling scenarios analysed 

27. Impacts were investigated based on three different indicative WTG anchor piling scenarios: 

eight piles per day in one location, one pile per day in one location and concurrent scenario 

including simultaneous piling at multiple locations, reflecting the three different scenarios 

assessed during the noise modelling (Volume 2, Chapter 10: Marine Mammals and Other 

Megafauna; Volume 3, Appendix 8.1: Underwater Noise Modelling Assessment). Details of 

each piling scenario are provided in Table 2-2. 
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Table 2-2 Pile scenarios assumed for iPCoD modelling 

Piling scenario Number of 
operations 

Number of 
years 

covered 

Date range of 
piling* 

Pattern of piling 

One pile per day 1 4 01/03/2031 - 
18/03/2034 

Assumed five consecutive days of 
piling followed by one day break 
(i.e., 111110111110111110...) from 
March to October inclusive.** 

Eight piles per 
day 

1 2 01/03/2031 - 
28/10/2032 

Assumed five consecutive days of 
piling followed by one day break 
(i.e., 111110111110111110...) from 
March to October inclusive.** 

Combination of 
one pile per day 
and concurrent 
piling at three 
locations, based 
on eight piles a 
day at each 

2 2 01/03/2031 - 
28/10/2032 

Assumed five consecutive days of 
piling followed by one day break 
(i.e., 111110111110111110...) from 
March to October inclusive.**. In 
all months other than September 
and October, these were assumed 
to be 1 pile per day. In September 
and October, the last day of piling 
in each block of five was assumed 
to be concurrent eight piles per 
day. (i.e., operation 1 (one pile per 
day): 111100111100111100 with 
operation 2(concurrent eight piles 
per day): 000010000010000010) 

*Note that 29th February was not included in the date sequence since iPCoD requires piling schedules 
to have a length that is a multiple of 365 
**Note that from 2032 onwards, piling activity within the schedule commenced on the 2nd March 
and finished on 1st November due to a shift in the schedule resulting from removal of 29th Feb 

 

2.4.2.3 Minke whale inputs 

28. Global input parameters used for iPCoD models for minke whale are presented in Table 2-3. 

The impacts relating to the different scenarios modelled are presented in Table 2-4. 
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Table 2-3 Global parameter input values for minke whale iPCoD runs 

Parameter Value Explanation 

Species code for iPCoD MK* iPCoD minke whale settings used. 

Proportion of the population 
female 

0.5 
In the absence of additional evidence, an even 
sex ratio was assumed. 

Initial population size 
(individuals) 

10,228 The UK portion of the Celtic and Greater North 
Seas MU abundance (IAMMWG, 2023, see 
Volume 2, Chapter 10: Marine Mammals and 
Other Megafauna). 

Annual calf/pup survival rate 0.70 Recommended rates for use with iPCoD taken 
from Sinclair et al., 2020. 

Annual juvenile survival rate 0.77 Recommended rates for use with iPCoD taken 
from Sinclair et al., 2020.  

Annual adult survival rate 0.96 Recommended rates for use with iPCoD taken 
from Sinclair et al., 2020.  

Annual fecundity rate (offspring 
per pair) 

0.91 Recommended rates for use with iPCoD taken 
from Sinclair et al., 2020.  

Age at which calf is independent 
from its mother (years) 

1 Recommended rates for use with iPCoD taken 
from Sinclair et al., 2020.  

Age at which female gives birth 
to first calf (years) 

9 Recommended rates for use with iPCoD taken 
from Sinclair et al., 2020.  

Proportion of the population 
vulnerable to the effects of piling 

1 Due to the wide-ranging nature of this species, 
it was assumed possible that all individuals 
could encounter piling noise.  

Parameter representing the 
number of days disturbed** 

1 A precautionary assumption was made that 
individuals exposed to noise were assumed to 
be impacted on that day as well as one 
additional residual day. 

*This indicates that iPCoD should run the modelling according to the specification for minke whale. 
**A value of 0 indicates that individuals are only disturbed on the day of exposure, while a value of 1 
indicates that individuals are disturbed on the day of exposure plus one additional day of “residual” 
disturbance (Sinclair et al., 2019). 
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Table 2-4 Impact parameter input values for minke whale iPCoD runs 

Parameter One pile 
per day 

Eight piles 
per day 

Concurrent 
piling of eight 
piles per day 
per location 

Explanation 

Number of 
individuals 
predicted to 
experience 
disturbance 

376 376 471 Predicted disturbance from piling at 
the NE piling location which 
represents the worst-case scenario 
for minke whale*. A precautionary 
approach was taken to use estimates 
of proportion of individuals disturbed 
based on disturbance responses to 
the first pile (see Section 2.3). 

Number of 
individuals 
predicted to 
experience PTS 

0.7527 0.4781 4.71 Predicted PTS from piling at the NE 
piling location which represents the 
worst-case scenario for minke whale. 
Estimates are based on a flee speed 
of 4.19 m/s, a 186 dB PTS threshold 
and the assumption that 18% of 
exposed individuals experience PTS 
(following Donovan et al., 2016).  

*Though disturbance estimates were higher for the SE pile (378 individuals disturbed), PTS estimates 
were higher for the NE scenario. Since PTS confers greater costs to the population than disturbance 
within the iPCoD framework, the NE pile location represented the worst-case scenario for minke whale 
overall. 
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2.4.2.4 Coastal bottlenose dolphin inputs 

29. Global input parameters used for iPCoD models for coastal bottlenose dolphins are presented 

in Table 2-5. The impacts relating to the different scenarios modelled are presented in Table 

2-6. 

Table 2-5 Global parameter input values for coastal bottlenose dolphin iPCoD runs 

Parameter Value Explanation 

Species code for iPCoD BND* iPCoD bottlenose dolphin settings used. 

Proportion of the population 
female 

0.5 
In the absence of additional evidence, an even 
sex ratio was assumed. 

Initial population size (individuals) 226 The most recent population (2020 to 2022) 
estimate for the Coastal East Scotland MU 
(Cheney et al., 2024, see Volume 2, Chapter 
10: Marine Mammals and Other Megafauna). 

Annual calf/pup survival rate 0.925 Recommended rates for use with iPCoD taken 
from Sinclair et al., 2020. 

Annual juvenile survival rate 0.962 Recommended rates for use with iPCoD taken 
from Sinclair et al., 2020.  

Annual adult survival rate 0.98 Recommended rates for use with iPCoD taken 
from Sinclair et al., 2020.  

Annual fecundity rate (offspring 
per pair) 

0.24 Recommended rates for use with iPCoD taken 
from Sinclair et al., 2020.  

Age at which calf is independent 
from its mother (years) 

3 Recommended rates for use with iPCoD taken 
from Sinclair et al., 2020.  

Age at which female gives birth to 
first calf (years) 

9 Recommended rates for use with iPCoD taken 
from Sinclair et al., 2020.  

Proportion of the population 
vulnerable to the effects of piling 

1 Due to the wide-ranging nature of this species, 
it was assumed possible that all individuals 
could encounter piling noise.  

Parameter representing the 
number of days disturbed** 0 

Individuals exposed to noise were assumed to 
be impacted on that day only based on the 
findings of Graham et al., 2017). 

*This indicates that iPCoD should run the modelling according to the specification for bottlenose 
dolphin. 
** A value of 0 indicates that individuals are only disturbed on the day of exposure, while a value 
of 1 indicates that individuals are disturbed on the day of exposure plus one additional day of 
“residual” disturbance (Sinclair et al., 2019). 
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Table 2-6 Impact parameter input values for coastal bottlenose dolphin iPCoD runs 

Parameter One pile 
per day 

Eight piles 
per day 

Concurrent 
piling of eight 
piles per day 
per location 

Explanation 

Number of 
individuals 
predicted to 
experience 
disturbance 

2 2 2 Predicted disturbance from piling at 
the SE piling location which 
represents the worst-case scenario 
for coastal bottlenose dolphin. A 
precautionary approach was taken 
to use estimates of proportion of 
individuals disturbed based on 
disturbance responses to the first 
pile (see Section 2.3). 

Number of 
individuals 
predicted to 
experience PTS 

0 0 0 The coastal bottlenose dolphin 
range is beyond the extent of any 
predicted PTS contours.  

 

 

2.4.2.5 Offshore bottlenose dolphin inputs 

30. Global input parameters used for iPCoD models for offshore bottlenose dolphins are 

presented in Table 2-7. The impacts relating to the different scenarios modelled are presented 

in Table 2-8. 
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Table 2-7 Global parameter input values for offshore bottlenose dolphin iPCoD runs 

Parameter Value Explanation 

Species code for iPCoD BND* iPCoD bottlenose dolphin settings used. 

Proportion of the population 
female 

0.5 
In the absence of additional evidence, an even 
sex ratio was assumed. 

Initial population size (individuals) 1,885 The UK portion of the Greater North Sea MU 
abundance (IAMMWG, 2023, see Volume 2, 
Chapter 10: Marine Mammals and Other 
Megafauna). 

Annual calf/pup survival rate 0.8 Recommended rates for use with iPCoD taken 
from Sinclair et al., 2020. 

Annual juvenile survival rate 0.94 Recommended rates for use with iPCoD taken 
from Sinclair et al., 2020.  

Annual adult survival rate 0.94 Recommended rates for use with iPCoD taken 
from Sinclair et al., 2020.  

Annual fecundity rate (offspring 
per pair) 

0.25 Recommended rates for use with iPCoD taken 
from Sinclair et al., 2020.  

Age at which calf is independent 
from its mother (years) 

2 Recommended rates for use with iPCoD taken 
from Sinclair et al., 2020.  

Age at which female gives birth to 
first calf (years) 

9 Recommended rates for use with iPCoD taken 
from Sinclair et al., 2020.  

Proportion of the population 
vulnerable to the effects of piling 

1 Due to the wide-ranging nature of this species, 
it was assumed possible that all individuals 
could encounter piling noise.  

Parameter representing the 
number of days disturbed** 0 

Individuals exposed to noise were assumed to 
be impacted on that day only based on the 
findings of Graham et al., 2017). 

*This indicates that iPCoD should run the modelling according to the specification for bottlenose 
dolphin. 
**A value of 0 indicates that individuals are only disturbed on the day of exposure, while a value of 
1 indicates that individuals are disturbed on the day of exposure plus one additional day of 
“residual” disturbance (Sinclair et al., 2019). 
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Table 2-8 Impact parameter input values for offshore bottlenose dolphin iPCoD runs 

Parameter One pile 
per day 

Eight piles 
per day 

Concurrent 
piling of eight 
piles per day 
per location 

Explanation 

Number of 
individuals 
predicted to 
experience 
disturbance 

87 87 101 Predicted disturbance from piling 
at the NE piling location which 
represents the worst-case 
scenario for offshore bottlenose 
dolphin. A precautionary 
approach was taken to use 
estimates of the proportion of 
individuals disturbed based on 
disturbance responses to the first 
pile (see Section 2.3). 

Number of 
individuals 
predicted to 
experience PTS 

0.0000216 0.0000216 0.0000216 Predicted PTS from piling at the 
NE piling location which 
represents the worst-case 
scenario for offshore bottlenose 
dolphin. Estimates are based on a 
flee speed of 1.52 m/s, a 185 dB 
PTS threshold and the assumption 
that 18% of exposed individuals 
experience PTS (following 
Donovan et al., 2016). 

 

2.4.2.6 Harbour porpoise inputs 

31. Global input parameters used for iPCoD models for harbour porpoise are presented in Table 

2-9. The impacts relating to the different scenarios modelled are presented in Table 2-10. 
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Table 2-9 Global parameter input values for harbour porpoise iPCoD runs 

Parameter Value Explanation 

Species code for iPCoD HP* iPCoD harbour porpoise settings used 

Proportion of the population 
female 

0.5 
In the absence of additional evidence, an even 
sex ratio was assumed. 

Initial population size (individuals) 159,632 The UK portion of the North Sea Management 
Unit (MU) abundance (IAMMWG, 2023; 
Volume 2, Chapter 10: Marine Mammals and 
Other Megafauna). 

Annual calf/pup survival rate 0.8455 Recommended rates for use with iPCoD taken 
from Sinclair et al., 2020. 

Annual juvenile survival rate 0.85 Recommended rates for use with iPCoD taken 
from Sinclair et al., 2020.  

Annual adult survival rate 0.925 Recommended rates for use with iPCoD taken 
from Sinclair et al., 2020.  

Annual fecundity rate (offspring 
per pair) 

0.34 Recommended rates for use with iPCoD taken 
from Sinclair et al., 2020.  

Age at which calf is independent 
from its mother (years) 

1 Recommended rates for use with iPCoD taken 
from Sinclair et al., 2020.  

Age at which female gives birth to 
first calf (years) 

5 Recommended rates for use with iPCoD taken 
from Sinclair et al., 2020.  

Proportion of the population 
vulnerable to the effects of piling 1 

Due to the wide-ranging nature of this species, 
it was assumed possible that all individuals 
could encounter piling noise.  

Parameter representing the 
number of days disturbed** 0 

Individuals exposed to noise were assumed to 
be impacted on that day only based on the 
findings of Graham et al., 2017). 

*This indicates that iPCoD should run the modelling according to the specification for harbour 
porpoise. 
** A value of 0 indicates that individuals are only disturbed on the day of exposure, while a value 
of 1 indicates that individuals are disturbed on the day of exposure plus one additional day of 
“residual” disturbance (Sinclair et al., 2019). 
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Table 2-10 Impact parameter input values for harbour porpoise iPCoD runs 

Parameter One pile 
per day 

Eight piles 
per day 

Concurrent 
piling of eight 
piles per day 
per location 

Explanation 

Number of 
individuals 
predicted to 
experience 
disturbance 

11,527 11,527 13,449 Predicted disturbance from piling 
at the NE piling location which 
represents the worst-case scenario 
for harbour porpoise. A 
precautionary approach was taken 
to use estimates of proportion of 
individuals disturbed based on 
disturbance responses to the first 
pile (see Section 2.3). 

Number of 
individuals 
predicted to 
experience PTS 

0.3030 0.1087 55.7386 Predicted PTS from piling at the NE 
piling location which represents 
the worst-case scenario for 
harbour porpoise. Estimates are 
based on a flee speed of 1.97 m/s, 
a 158 dB PTS threshold and the 
assumption that 18% of exposed 
individuals experience PTS 
(following Donovan et al., 2016).  

 

2.4.2.7 Grey seal inputs 

32. Global input parameters used for iPCoD models for grey seal are presented in Table 2-11. The 

impacts relating to the different scenarios modelled are presented in Table 2-12.  
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Table 2-11 Global parameter input values for offshore grey seal iPCoD runs 

Parameter Value Explanation 

Species code for iPCoD GS* iPCoD bottlenose dolphin settings used. 

Proportion of the population 
female 

0.58824 
Based on the sex ratio reported by Russel et 
al., 2022. 

Initial population size (individuals) 100,250 The sum of the most recent grey seal 
reference population abundance estimates for 
the relevant Management Units (Morris et al., 
2022, see Volume 2, Chapter 10: Marine 
Mammals and Other Megafauna). 

Annual calf/pup survival rate 0.222 Recommended rates for use with iPCoD taken 
from Sinclair et al., 2020. 

Annual juvenile survival rate 0.94 Recommended rates for use with iPCoD taken 
from Sinclair et al., 2020.  

Annual adult survival rate 0.94 Recommended rates for use with iPCoD taken 
from Sinclair et al., 2020.  

Annual fecundity rate (offspring 
per pair) 

0.84 Recommended rates for use with iPCoD taken 
from Sinclair et al., 2020.  

Age at which calf is independent 
from its mother (years) 

1 Recommended rates for use with iPCoD taken 
from Sinclair et al., 2020.  

Age at which female gives birth to 
first calf (years) 

6 Recommended rates for use with iPCoD taken 
from Sinclair et al., 2020.  

Proportion of the population 
vulnerable to the effects of piling 

1 Due to the wide-ranging nature of this species, 
it was assumed possible that all individuals 
could encounter piling noise.  

Parameter representing the 
number of days disturbed** 

0 

Individuals exposed to noise were assumed to 
be impacted on that day only assuming similar 
responses to pile driving as have been 
observed for harbour seals (Russell et al., 
2016), supported by observation of grey seal 
responses mentioned in Aarts et al., 2018. 

*This indicates that iPCoD should run the modelling according to the specification for grey seal. 
** A value of 0 indicates that individuals are only disturbed on the day of exposure, while a value 
of 1 indicates that individuals are disturbed on the day of exposure plus one additional day of 
“residual” disturbance (Sinclair et al., 2019). 
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Table 2-12 Impact parameter input values for grey seal iPCoD runs 

Parameter One pile 
per day 

Eight piles 
per day 

Concurrent 
piling of eight 
piles per day 
per location 

Explanation 

Number of 
individuals 
predicted to 
experience 
disturbance 

1,711 1,711 2,186 Predicted disturbance from piling 
at the W piling location which 
represents the worst-case scenario 
for grey seal. 

Number of 
individuals 
predicted to 
experience PTS 

0.0072 0.0072 20.1307 Predicted PTS from piling at the W 
piling location which represents 
the worst-case scenario for grey 
seal. Estimates are based on a flee 
speed of 1.8 m/s, a 185 dB PTS 
threshold and the assumption that 
18% of exposed individuals 
experience PTS (following 
Donovan et al., 2016). 

 

2.4.3 Output metrics  

33. For each population and scenario for which iPCoD was run, median population sizes for both 

the baseline and the impacted population simulations were extracted for each of the 

simulated years for which piling impacts were applied (i.e., each year during which piling was 

simulated to take place) as well as one, two and three years following piling activity and every 

five years after that until the 25-year threshold for modelled impacts was reached. The 

counterfactual population size was then calculated as the final impacted population size 

divided by the final baseline population size. A counterfactual population size of 1 would mean 

that there was no difference in the population size between the baseline and impact 

scenarios, whilst a counterfactual population size of 0.998 would mean that the population 

size in the impact simulations is 99.8% of the population size in the baseline simulations. 

34. Baseline and impacted median population growth rates were also calculated for the same 

years. These were calculated by comparing the initial population size with the population size 

of interest for each impact scenario as: 

Population growth rate𝑁 =  (Pop size𝑁 / Pop size0)1 𝑁⁄  

where N represents the year of the simulation.   

35. The counterfactual growth rate was then calculated as the impacted population growth rate 

divided by the baseline population growth rate. These are interpreted as for the 

counterfactual population sizes (described above). 

36. The counterfactual metrics calculated, and especially the counterfactual growth rate, are 

useful for comparing baseline and impact scenarios in population modelling, since they are 

relatively insensitive to any misspecification of input parameters (Jitlal et al., 2017). This 

means that if the underlying Leslie matrix does not perfectly capture the current population 

structure or dynamics of the true population, the effect of this discrepancy on any conclusions 

drawn are minimised.  
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37. For each run population and scenario, a figure showing all simulated population trajectories 

is also provided. 

38. It should be noted that the incorporation of stochasticity into iPCoD runs means that very 

slightly different predictions will be made every time the model is run. This means that for 

each scenario and population model run, slightly different baseline simulations will be 

generated, and these will subsequently affect the comparison of the impact runs with the 

baseline runs. Where impacts are small this may occasionally lead to seemingly unintuitive 

results. This reflects the situation where the stochasticity within the models (and the 

populations themselves) has a bigger impact upon the output metrics than the impact itself. 

3 RESULTS 

3.1 NUMBERS OF INDIVIDUALS WITH THE POTENTIAL TO BE IMPACTED  

3.1.1 Minke whale 

3.1.1.1 PTS 

39. Mean and maximum ranges of instantaneous PTS contours and the numbers of minutes of 

ADD usage predicted to be required to clear the mean ranges for minke whale are presented 

in Table 3-1. Predicted numbers with the potential to experience cumulative PTS under 

different piling scenarios, flee speeds and thresholds for PTS are presented in Table 3-2.  

 

Table 3-1 Mean and maximum ranges of instantaneous PTS contours and numbers of minutes of 
ADD usage predicted to be required to clear the mean range 

Scenario Flee speed 
(m/s) 

Instantaneous PTS 

Mean range (m) ADD duration to 
clear mean range 

(mins) 

Max range (m) 

NE anchors, 8 
piles per day 

2.1 < 50 0.4 < 50 

4.19 < 50 0.2 < 50 

NE anchors, 1 
pile per day 

2.1 < 50 0.4 < 50 

4.19 < 50 0.2 < 50 

SE anchors, 8 
piles per day 

2.1 < 50 0.4 < 50 

4.19 < 50 0.2 < 50 

SE anchors, 1 
pile per day 

2.1 < 50 0.4 < 50 

4.19 < 50 0.2 < 50 

W anchors, 8 
piles per day 

2.1 < 50 0.4 < 50 

4.19 < 50 0.2 < 50 

W anchors, 1 
pile per day 

2.1 < 50 0.4 < 50 

4.19 < 50 0.2 < 50 

OSP 2.1 < 50 0.4 < 50 

4.19 < 50 0.2 < 50 

IRC 2.1 < 50 0.4 < 50 

4.19 < 50 0.2 < 50 
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Table 3-2 Predicted numbers of minke whale at risk of cumulative PTS from piling activities 

Scenario Flee speed 
(m/s) 

Cumulative PTS 

183 dB PTS 
threshold 

185 dB PTS 
threshold 

186 dB PTS threshold 

NE anchors, 8 
piles per day 

2.1 31.24 (0.12 - 105.03) 18.22 (0.07 - 61.26) 13.39 (0.05 - 45.04) 

4.19 10.56 (0.04 - 35.52) 4.52 (0.02 - 15.21) 2.66 (0.01 - 8.93) 

NE anchors, 1 
pile per day 

2.1 35.90 (0.14 - 120.72) 21.75 (0.08 - 73.14) 16.39 (0.06 - 55.12) 

4.19 14.55 (0.05 - 48.92) 6.74 (0.03 - 22.65) 4.18 (0.02 - 14.06) 

SE anchors, 8 
piles per day 

2.1 26.01 (0.10 - 87.46) 15.23 (0.06 - 51.22) 11.23 (0.04 - 37.76) 

4.19 8.54 (0.03 - 28.70) 3.60 (0.01 - 12.10) 2.07 (0.01 - 6.96) 

SE anchors, 1 
pile per day 

2.1 30.48 (0.12 - 102.49) 18.57 (0.07 - 62.43) 14.03 (0.05 - 47.17) 

4.19 11.70 (0.04 - 39.34) 5.35 (0.02 - 17.98) 3.27 (0.01 - 11.01) 

W anchors, 8 
piles per day 

2.1 27.36 (0.10 - 92.01) 16.02 (0.06 - 53.86) 11.79 (0.04 - 39.65) 

4.19 9.04 (0.03 - 30.40) 3.84 (0.01 - 12.90) 2.23 (0.01 - 7.49) 

W anchors, 1 
pile per day 

2.1 32.09 (0.12 - 107.91) 19.58 (0.07 - 65.85) 14.78 (0.06 - 49.71) 

4.19 12.46 (0.05 - 41.89) 5.72 (0.02 - 19.25) 3.53 (0.01 - 11.86) 

Concurrent 8 
piles a day 

2.1 89.48 (0.34 - 300.85) 64.06 (0.24 - 215.39) 53.55 (0.20 - 180.05) 

4.19 48.78 (0.18 - 164.03) 32.52 (0.12 - 109.34) 26.18 (0.10 - 88.02) 

OSP 2.1 51.85 (0.20 - 174.33) 33.49 (0.13 - 112.62) 26.18 (0.10 - 88.02) 

4.19 21.38 (0.08 - 71.88) 11.28 (0.04 - 37.92) 7.71 (0.03 - 25.93) 

IRC 2.1 62.18 (6.62 - 188.59) 36.92 (3.34 - 113.84) 27.29 (2.15 - 85.15) 

4.19 20.19 (1.33 - 63.84) 8.59 (0.13 - 28.55) 5.62 (0.02 - 18.89) 

 

3.1.1.2 Disturbance 

40. Numbers of minke whale predicted to be disturbed as a result of different piling scenarios 

based on EDRs are presented in Table 3-3. Estimates based on underwater noise modelling 

and dose response relationships are provided in Table 3-4. 

 

Table 3-3 Predicted numbers of minke whale disturbed from piling activities based on Effective 
Deterrence Ranges 

Scenario EDR Disturbance 

NE anchors 9.4 km 3 (0 - 11) 

15 km 8 (0 - 29) 

SE anchors 9.4 km 3 (0 - 11) 

15 km 8 (0 - 29) 

W anchors 9.4 km 3 (0 - 11) 

15 km 8 (0 - 29) 

Concurrent 9.4 km 10 (0 - 34) 

15 km 22 (0 - 76) 

OSP 9.4 km 3 (0 - 11) 

15 km 8 (0 - 29) 

IRC 9.4 km 3 (0 - 11) 

15 km 9 (0 - 29) 
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Table 3-4 Predicted numbers of minke whale disturbed from piling activities, based on Graham et 
al., 2019 dose response relationships 

Scenario Pile number Disturbance 

NE anchors First 376 (23 – 1,173) 

Last 280 (19 - 857) 

SE anchors First 378 (36 – 1,151) 

Last 274 (27 - 824) 

W anchors First 337 (23 – 1,054) 

Last 252 (20 - 771) 

Concurrent First 471 (37 – 1,453) 

Last 332 (27 – 1,008) 

OSP First 418 (31 – 1,296) 

Last 301 (24 - 916) 

IRC First 443 (59 – 1,305) 

Last 304 (39 - 895) 

 

3.1.2 Coastal bottlenose dolphin 

3.1.2.1 PTS 

41. Mean and maximum ranges of instantaneous PTS contours and the numbers of minutes of 

ADD usage predicted to be required to clear the mean ranges are not presented since no 

coastal bottlenose dolphins will be within the <50 m mean (and maximum) range within which 

there is the potential for instantaneous PTS. Predicted numbers with the potential to 

experience cumulative PTS under different piling scenarios, flee speeds and thresholds for PTS 

are presented in Table 3-5.  

Table 3-5 Predicted numbers of coastal bottlenose dolphin at risk of cumulative PTS from piling 
activities 

Scenario Flee speed 
(m/s) 

Cumulative PTS 

NE anchors, 8 piles per day 1.52  0 (0 – 0) 

NE anchors, 1 pile per day 1.52  0 (0 – 0) 

SE anchors, 8 piles per day 1.52  0 (0 – 0) 

SE anchors, 1 pile per day 1.52  0 (0 – 0) 

W anchors, 8 piles per day 1.52  0 (0 – 0) 

W anchors, 1 pile per day 1.52  0 (0 – 0) 

Concurrent 8 piles a day 1.52  0 (0 – 0) 

OSP 1.52  0 (0 – 0) 

IRC 1.52  0 (0 – 0) 

 

  



Buchan Offshore Wind  Appendix 10.2 Marine Mammals and Other Megafauna Technical Report 
Environmental Impact Assessment Page 21 
 

3.1.2.2 Disturbance 

42. Numbers of coastal bottlenose dolphin predicted to be disturbed as a result of different piling 

scenarios based on EDRs are presented in Table 3-6. Estimates based on underwater noise 

modelling and dose response relationships are provided in Table 3-7. 

Table 3-6 Predicted numbers of coastal bottlenose dolphin disturbed from piling activities based on 
Effective Deterrence Ranges 

Scenario Pile number Disturbance 

NE anchors 9.4 km 0 

15 km 0 

SE anchors 9.4 km 0 

15 km 0 

W anchors 9.4 km 0 

15 km 0 

Concurrent 9.4 km 0 

15 km 0 

OSP 9.4 km 0 

15 km 0 

IRC 9.4 km 0 

15 km 0 

Table 3-7 Predicted numbers of coastal bottlenose dolphin disturbed from piling activities, based on 
Graham et al., 2019 dose response relationships 

Scenario Pile number Disturbance 

NE anchors First 1 (1 - 1) 

Last 1 (1 - 1) 

SE anchors First 2 (2 - 2) 

Last 2 (2 - 2) 

W anchors First 1 (1 - 1) 

Last 2 (2 - 2) 

Concurrent First 2 (2 - 2) 

Last 2 (2 - 2) 

OSP First 2 (2 - 2) 

Last 2 (2 - 2) 

IRC First 6 (6 - 6) 

Last 7 (6 - 7) 

 

3.1.3 Offshore bottlenose dolphin 

3.1.3.1 PTS 

43. Mean and maximum ranges of instantaneous PTS contours and the numbers of minutes of 

ADD usage predicted to be required to clear the mean ranges for offshore bottlenose dolphin 

are presented in Table 3-8. Predicted numbers with the potential to experience cumulative 

PTS under different piling scenarios, flee speeds and thresholds for PTS are presented in Table 

3-9. 
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Table 3-8 Mean and maximum ranges of instantaneous PTS contours and numbers of minutes of 
ADD usage predicted to be required to clear the mean range 

Scenario Flee speed 
(m/s) 

Instantaneous PTS 

Mean range (m) ADD duration to 
clear mean range 

(mins) 

Max range (m)* 

NE anchors, 8 
piles per day 

1.52 < 50 0.55 < 50 

NE anchors, 1 
pile per day 

1.52 < 50 0.55 < 50 

SE anchors, 8 
piles per day 

1.52 < 50 0.55 < 50 

SE anchors, 1 
pile per day 

1.52 < 50 0.55 < 50 

W anchors, 8 
piles per day 

1.52 < 50 0.55 < 50 

W anchors, 1 
pile per day 

1.52 < 50 0.55 < 50 

OSP 1.52 < 50 0.55 < 50 

IRC 1.52 < 50 0.55 < 50 

 

Table 3-9 Predicted numbers of offshore bottlenose dolphin at risk of cumulative PTS from piling 
activities 

Scenario Flee speed 
(m/s) 

Cumulative PTS 

NE anchors, 8 piles per day 1.52 0 (0 – 0) 

NE anchors, 1 pile per day 1.52  0 (0 – 0) 

SE anchors, 8 piles per day 1.52  0 (0 – 0) 

SE anchors, 1 pile per day 1.52  0 (0 – 0) 

W anchors, 8 piles per day 1.52  0 (0 – 0) 

W anchors, 1 pile per day 1.52  0 (0 – 0) 

Concurrent 8 piles a day 1.52  0 (0 – 0) 

OSP 1.52  0 (0 – 0) 

IRC 1.52  0 (0 – 0) 

 

3.1.3.2 Disturbance 

44. Numbers of offshore bottlenose dolphin predicted to be disturbed as a result of different 

piling scenarios based on EDRs are presented in Table 3-10. Estimates based on underwater 

noise modelling and dose response relationships are provided in Table 3-11. 
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Table 3-10 Predicted numbers of offshore bottlenose dolphin disturbed from piling activities based 
on Effective Deterrence Ranges 

Scenario EDR Disturbance 

NE anchors 9.4 km 1 (0 - 4) 

15 km 3 (0 - 9) 

SE anchors 9.4 km 1 (0 - 4) 

15 km 3 (0 - 9) 

W anchors 9.4 km 1 (0 - 4) 

15 km 3 (0 - 9) 

Concurrent 9.4 km 3 (0 - 11) 

15 km 7 (0 - 24) 

OSP 9.4 km 1 (0 - 4) 

15 km 3 (0 - 9) 

IRC 9.4 km 1 (0 - 4) 

15 km 3 (0 - 9) 

 

Table 3-11 Predicted numbers of offshore bottlenose dolphin disturbed from piling activities, based 
on Graham et al., 2019 dose response relationships 

Scenario Pile number Disturbance 

NE anchors First 87 (0 - 304) 

Last 59 (0 - 208) 

SE anchors First 76 (0 - 267) 

Last 52 (0 - 184) 

W anchors First 77 (0 - 272) 

Last 53 (0 - 186) 

Concurrent First 101 (0 - 356) 

Last 67 (0 - 234) 

OSP First 92 (0 - 322) 

Last 61 (0 - 215) 

IRC First 73 (0 - 257) 

Last 50 (0 - 176) 

 

3.1.4 Risso’s dolphin 

3.1.4.1 PTS 

45. Mean and maximum ranges of instantaneous PTS contours and the numbers of minutes of 

ADD usage predicted to be required to clear the mean ranges for Risso’s dolphin are presented 

in Table 3-12. Predicted numbers with the potential to experience cumulative PTS under 

different piling scenarios, flee speeds and thresholds for PTS are presented in Table 3-13.  
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Table 3-12 Mean and maximum ranges of instantaneous PTS contours and numbers of minutes of 
ADD usage predicted to be required to clear the mean range 

Scenario Flee speed 
(m/s) 

Instantaneous PTS 

Mean range (m) ADD duration to 
clear mean range 

(mins) 

Max range (m)* 

NE anchors, 8 
piles per day 

1.52 < 50 0.55 < 50 

NE anchors, 1 
pile per day 

1.52 < 50 0.55 < 50 

SE anchors, 8 
piles per day 

1.52 < 50 0.55 < 50 

SE anchors, 1 
pile per day 

1.52 < 50 0.55 < 50 

W anchors, 8 
piles per day 

1.52 < 50 0.55 < 50 

W anchors, 1 
pile per day 

1.52 < 50 0.55 < 50 

OSP 1.52 < 50 0.55 < 50 

IRC 1.52 < 50 0.55 < 50 

 

Table 3-13 Predicted numbers of Risso’s dolphin at risk of cumulative PTS from piling activities 

Scenario Flee speed 
(m/s) 

Cumulative PTS 

NE anchors, 8 piles per day 1.52 0.00 (0.00 - 0.01) 

NE anchors, 1 pile per day 1.52 0.00 (0.00 - 0.01) 

SE anchors, 8 piles per day 1.52 0.00 (0.00 - 0.01) 

SE anchors, 1 pile per day 1.52 0.00 (0.00 - 0.01) 

W anchors, 8 piles per day 1.52 0.00 (0.00 - 0.01) 

W anchors, 1 pile per day 1.52 0.00 (0.00 - 0.01) 

Concurrent 8 piles a day 1.52 0.01 (0.00 - 0.02) 

OSP 1.52 0.00 (0.00 - 0.01) 

IRC 1.52 0.00 (0.00 - 0.01) 

 

3.1.4.2 Disturbance 

46. Numbers of Risso’s dolphin predicted to be disturbed as a result of different piling scenarios 

based on EDRs are presented in Table 3-14. Estimates based on underwater noise modelling 

and dose response relationships are provided in Table 3-15. 
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Table 3-14 Predicted numbers of Risso’s dolphin disturbed from piling activities based on Effective 
Deterrence Ranges 

Scenario EDR Disturbance 

NE anchors 9.4 km 19 (0 - 70) 

15 km 49 (0 - 178) 

SE anchors 9.4 km 19 (0 - 70) 

15 km 49 (0 - 178) 

W anchors 9.4 km 19 (0 - 70) 

15 km 49 (0 - 178) 

Concurrent 9.4 km 58 (0 - 210) 

15 km 130 (0 - 469) 

OSP 9.4 km 19 (0 - 70) 

15 km 49 (0 - 178) 

IRC 9.4 km 19 (0 - 70) 

15 km 49 (0 - 176) 

 

Table 3-15 Predicted numbers of Risso’s dolphin disturbed from piling activities, based on Graham 
et al., 2019 dose response relationships 

Scenario Pile number Disturbance 

NE anchors First 1,194 (8 – 4,259) 

Last 708 (5 – 2,521) 

SE anchors First 950 (7 – 3,382) 

Last 585 (4 – 2,079) 

W anchors First 1,061 (8 – 3,773) 

Last 643 (5 – 2,284) 

Concurrent First 1,321 (9 – 4,706) 

Last 774 (6 – 2,753) 

OSP First 1,205 (9 – 4,290) 

Last 712 (5 – 2,531) 

IRC First 736 (5 – 2,612) 

Last 476 (4 – 1,688) 

 

3.1.5 White-beaked dolphin 

3.1.5.1 PTS 

47. Mean and maximum ranges of instantaneous PTS contours and the numbers of minutes of 

ADD usage predicted to be required to clear the mean ranges for white-beaked dolphin are 

presented in Table 3-16. Predicted numbers with the potential to experience cumulative PTS 

under different piling scenarios, flee speeds and thresholds for PTS are presented in Table 

3-17.  
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Table 3-16 Mean and maximum ranges of instantaneous PTS contours and numbers of minutes of 
ADD usage predicted to be required to clear the mean range 

Scenario Flee speed 
(m/s) 

Instantaneous PTS 

Mean range (m) ADD duration to 
clear mean range 

(mins) 

Max range (m)* 

NE anchors, 8 
piles per day 

1.52 < 50 0.55 < 50 

NE anchors, 1 
pile per day 

1.52 < 50 0.55 < 50 

SE anchors, 8 
piles per day 

1.52 < 50 0.55 < 50 

SE anchors, 1 
pile per day 

1.52 < 50 0.55 < 50 

W anchors, 8 
piles per day 

1.52 < 50 0.55 < 50 

W anchors, 1 
pile per day 

1.52 < 50 0.55 < 50 

OSP 1.52 < 50 0.55 < 50 

IRC 1.52 < 50 0.55 < 50 

 

Table 3-17 Predicted numbers of white-beaked dolphin at risk of cumulative PTS from piling 
activities 

Scenario Flee speed 
(m/s) 

Cumulative PTS 

NE anchors, 8 piles per day 1.52 0.01 (0.00 - 0.01) 

NE anchors, 1 pile per day 1.52 0.01 (0.00 - 0.01) 

SE anchors, 8 piles per day 1.52 0.01 (0.00 - 0.01) 

SE anchors, 1 pile per day 1.52 0.01 (0.00 - 0.01) 

W anchors, 8 piles per day 1.52 0.01 (0.00 - 0.01) 

W anchors, 1 pile per day 1.52 0.01 (0.00 - 0.01) 

Concurrent 8 piles a day 1.52 0.02 (0.01 - 0.03) 
OSP 1.52 0.01 (0.00 - 0.01) 

IRC 1.52 0.01 (0.00 - 0.01) 

 

3.1.5.2 Disturbance 

48. Numbers of white-beaked dolphin predicted to be disturbed as a result of different piling 

scenarios based on EDRs are presented in Table 3-18. Estimates based on underwater noise 

modelling and dose response relationships are provided in Table 3-19.  
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Table 3-18 Predicted numbers of white-beaked dolphin disturbed from piling activities based on 
Effective Deterrence Ranges 

Scenario EDR Disturbance 

NE anchors 9.4 km 49 (16 - 92) 

15 km 126 (42 - 233) 

SE anchors 9.4 km 49 (16 - 92) 

15 km 126 (42 - 233) 

W anchors 9.4 km 49 (16 - 92) 

15 km 126 (42 - 233) 

Concurrent 9.4 km 148 (49 - 275) 

15 km 331 (110 - 614) 

OSP 9.4 km 49 (16 - 92) 

15 km 126 (42 - 233) 

IRC 9.4 km 49 (16 - 92) 

15 km 125 (41 - 232) 

 

Table 3-19 Predicted numbers of white-beaked dolphin disturbed from piling activities, based on 
Graham et al., 2019 dose response relationships 

Scenario Pile number Disturbance 

NE anchors First 3,886 (1,002 – 8,214) 

Last 2,677 (612 – 6,013) 

SE anchors First 3,133 (808 – 6,455) 

Last 2,178 (515 - 4720) 

W anchors First 3,322 (858 – 6,848) 

Last 2,289 (538 – 4,980) 

Concurrent First 4,378 (1,108 – 9,220) 

Last 2,934 (669 – 6,534) 

OSP First 3,953 (1,002 – 8,293) 

Last 2,676 (614 – 5,935) 

IRC First 2,695 (657 – 5,528) 

Last 1,895 (438 – 4,040) 

 

3.1.6 White-sided dolphin 

3.1.6.1 PTS 

49. Mean and maximum ranges of instantaneous PTS contours and the numbers of minutes of 

ADD usage predicted to be required to clear the mean ranges for white-sided dolphin are 

presented in Table 3-20. Predicted numbers with the potential to experience cumulative PTS 

under different piling scenarios, flee speeds and thresholds for PTS are presented in Table 

3-21.  
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Table 3-20 Mean and maximum ranges of instantaneous PTS contours and numbers of minutes of 
ADD usage predicted to be required to clear the mean range 

Scenario Flee speed 
(m/s) 

Instantaneous PTS 

Mean range (m) ADD duration to 
clear mean range 

(mins) 

Max range (m)* 

NE anchors, 8 
piles per day 

1.52 < 50 0.55 < 50 

NE anchors, 1 
pile per day 

1.52 < 50 0.55 < 50 

SE anchors, 8 
piles per day 

1.52 < 50 0.55 < 50 

SE anchors, 1 
pile per day 

1.52 < 50 0.55 < 50 

W anchors, 8 
piles per day 

1.52 < 50 0.55 < 50 

W anchors, 1 
pile per day 

1.52 < 50 0.55 < 50 

OSP 1.52 < 50 0.55 < 50 

IRC 1.52 < 50 0.55 < 50 

 

Table 3-21 Predicted numbers of white-sided dolphin at risk of cumulative PTS from piling activities 

Scenario Flee speed 
(m/s) 

Cumulative PTS 

NE anchors, 8 piles per day 1.52 0.00 (0.00 - 0.00) 

NE anchors, 1 pile per day 1.52 0.00 (0.00 - 0.00) 

SE anchors, 8 piles per day 1.52 0.00 (0.00 - 0.00) 

SE anchors, 1 pile per day 1.52 0.00 (0.00 - 0.00) 

W anchors, 8 piles per day 1.52 0.00 (0.00 - 0.00) 

W anchors, 1 pile per day 1.52 0.00 (0.00 - 0.00) 

Concurrent 8 piles a day 1.52 0.00 (0.00 - 0.01) 

OSP 1.52 0.00 (0.00 - 0.00) 

IRC 1.52 0.00 (0.00 - 0.00) 

 

3.1.6.2 Disturbance 

50. Numbers of white-sided dolphin predicted to be disturbed as a result of different piling 

scenarios based on EDRs are presented in Table 3-22. Estimates based on underwater noise 

modelling and dose response relationships are provided in Table 3-23.  
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Table 3-22 Predicted numbers of white-sided dolphin disturbed from piling activities based on 
Effective Deterrence Ranges 

Scenario EDR Disturbance 

NE anchors 9.4 km 4 (0 - 15) 

15 km 11 (0 - 39) 

SE anchors 9.4 km 4 (0 - 15) 

15 km 11 (0 - 39) 

W anchors 9.4 km 4 (0 - 15) 

15 km 11 (0 - 39) 

Concurrent 9.4 km 12 (0 - 46) 

15 km 28 (0 - 102) 

OSP 9.4 km 4 (0 - 15) 

15 km 11 (0 - 39) 

IRC 9.4 km 4 (0 - 15) 

15 km 10 (0 - 38) 

 

Table 3-23 Predicted numbers of white-sided dolphin disturbed from piling activities, based on 
Graham et al., 2019 dose response relationships 

Scenario Pile number Disturbance 

NE anchors First 229 (2 - 854) 

Last 133 (1 - 494) 

SE anchors First 176 (1 - 658) 

Last 107 (1 - 398) 

W anchors First 195 (2 - 726) 

Last 117 (1 - 435) 

Concurrent First 247 (2 - 924) 

Last 143 (1 - 533) 

OSP First 224 (2 - 835) 

Last 130 (1 - 486) 

IRC First 130 (1 - 485) 

Last 84 (1 - 311) 

 
 

3.1.7 Harbour porpoise 

3.1.7.1 PTS 

51. Mean and maximum ranges of instantaneous PTS contours and the numbers of minutes of 

ADD usage predicted to be required to clear the mean ranges for harbour porpoise are 

presented in Table 3-24. Predicted numbers with the potential to experience cumulative PTS 

under different piling scenarios, flee speeds and thresholds for PTS are presented in Table 

3-25. 
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Table 3-24 Mean and maximum ranges of instantaneous PTS contours and numbers of minutes of 
ADD usage predicted to be required to clear the mean range 

Scenario Flee speed 
(m/s) 

Instantaneous PTS 

Mean range (m) ADD duration to 
clear mean range 

(mins) 

Max range (m) 

NE anchors, 8 
piles per day 

1.4 620 7.38 620 

1.97 620 5.25 620 

NE anchors, 1 
pile per day 

1.4 620 7.38 620 

1.97 620 5.25 620 

SE anchors, 8 
piles per day 

1.4 610 7.26 610 

1.97 610 5.16 610 

SE anchors, 1 
pile per day 

1.4 610 7.26 610 

1.97 610 5.16 610 

W anchors, 8 
piles per day 

1.4 610 7.26 610 

1.97 610 5.16 610 

W anchors, 1 
pile per day 

1.4 610 7.26 610 

1.97 610 5.16 610 

OSP 1.4 610 7.26 610 

1.97 610 5.16 610 

IRC 1.4 570 6.79 570 

1.97 570 4.82 570 
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Table 3-25 Predicted numbers of harbour porpoise at risk of cumulative PTS from piling activities 

Scenario Flee speed 
(m/s) 

Cumulative PTS 

155 dB PTS 
threshold 

157 dB PTS 
threshold 

158 dB PTS threshold 

NE anchors, 8 
piles per day 

1.4 68.04 (43.88 - 
101.50) 

21.56 (13.90 - 32.15) 10.35 (6.67 - 15.44) 

1.97 22.96 (14.80 - 34.24) 3.38 (2.18 - 5.04) 0.60 (0.39 - 0.90) 

NE anchors, 1 
pile per day 

1.4 83.83 (54.07 - 
125.06) 

29.21 (18.84 - 43.58) 15.03 (9.69 - 22.42) 

1.97 34.00 (21.93 - 50.72) 6.61 (4.26 - 9.86) 1.68 (1.09 - 2.51) 

SE anchors, 8 
piles per day 

1.4 59.47 (38.35 - 88.71) 18.59 (11.99 - 27.73) 8.86 (5.72 - 13.22) 

1.97 19.21 (12.39 - 28.66) 2.71 (1.75 - 4.05) 0.44 (0.29 - 0.66) 

SE anchors, 1 
pile per day 

1.4 75.16 (48.47 - 
112.11) 

25.95 (16.73 - 38.71) 13.27 (8.56 - 19.79) 

1.97 29.24 (18.86 - 43.62) 5.26 (3.39 - 7.84) 1.26 (0.81 - 1.88) 

W anchors, 8 
piles per day 

1.4 63.21 (40.76 - 94.29) 20.03 (12.92 - 29.88) 9.66 (6.23 - 14.41) 

1.97 20.95 (13.51 - 31.24) 3.07 (1.98 - 4.58) 0.53 (0.34 - 0.79) 

W anchors, 1 
pile per day 

1.4 79.12 (51.03 - 
118.03) 

27.84 (17.96 - 41.53) 14.27 (9.20 - 21.29) 

1.97 31.59 (20.38 - 47.13) 5.99 (3.86 - 8.93) 1.50 (0.97 - 2.24) 

Concurrent, 8 
piles a day 

1.4 754.59 (486.66 - 
1125.65) 

504.84 (325.59 - 
753.09) 

416.92 (268.89 - 
621.94) 

1.97 549.13 (354.16 - 
819.17) 

371.67 (239.71 - 
554.44) 

309.66 (199.71 - 
461.93) 

OSP 1.4 188.85 (121.79 - 
281.71) 

78.49 (50.62 - 
117.09) 

46.55 (30.02 - 69.45) 

1.97 83.89 (54.10 - 
125.14) 

25.59 (16.50 - 38.17) 11.58 (7.47 - 17.28) 

IRC 1.4 164.35 (105.99 - 
245.16) 

69.67 (44.93 - 
103.93) 

41.81 (26.97 - 62.37) 

1.97 73.03 (47.10 - 
108.94) 

22.52 (14.52 - 33.59) 10.24 (6.60 - 15.28) 

 

3.1.7.2 Disturbance 

52. Numbers of harbour porpoise predicted to be disturbed as a result of different piling scenarios 

based on EDRs are presented in Table 3-26. Estimates based on underwater noise modelling 

and dose response relationships are provided in Table 3-27.  
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Table 3-26 Predicted numbers of harbour porpoise disturbed from piling activities based on Effective 
Deterrence Ranges 

Scenario EDR Disturbance 

NE anchors 9.4 km 143 (92 - 213) 

15 km 365 (235 - 543) 

SE anchors 9.4 km 143 (92 - 213) 

15 km 365 (235 - 543) 

W anchors 9.4 km 143 (92 - 213) 

15 km 365 (235 - 543) 

Concurrent 9.4 km 430 (277 - 640) 

15 km 960 (619 - 1431) 

OSP 9.4 km 143 (92 - 213) 

15 km 365 (235 - 543) 

IRC 9.4 km 143 (92 - 213) 

15 km 365 (235 - 546) 

 

Table 3-27 Predicted numbers of harbour porpoise disturbed from piling activities, based on Graham 
et al. (2019) dose response relationships 

Scenario Pile number Disturbance 

NE anchors First 11,527 (6,889 – 18,496) 

Last 7,960 (4,648 – 13,041) 

SE anchors First 10,213 (5,915 – 16,884) 

Last 7,136 (4,073 – 11,940) 

W anchors First 10,039 (5,931 – 16,248) 

Last 6,996 (4,055 – 11,527) 

Concurrent First 13,449 (7,896 – 21,946) 

Last 8,991 (5,190 – 14,893) 

OSP First 12,122 (7,124 – 19,741) 

Last 8,242 (4,759 – 13,636) 

IRC First 9,996 (5,504 – 17,296) 

Last 6,955 (3,825 – 12,031) 

 

3.1.8 Grey seal  

3.1.8.1 PTS 

53. Mean and maximum ranges of instantaneous PTS contours and the numbers of minutes of 

ADD usage predicted to be required to clear the mean ranges for grey seal are presented in 

Table 3-28. Predicted numbers with the potential to experience cumulative PTS under 

different piling scenarios, flee speeds and thresholds for PTS are presented in Table 3-29. 
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Table 3-28 Mean and maximum ranges of instantaneous PTS contours and numbers of minutes of 
ADD usage predicted to be required to clear the mean range 

Scenario Flee speed 
(m/s) 

Instantaneous PTS 

Mean range (m) ADD duration to 
clear mean range 

(mins) 

Max range (m)* 

NE anchors, 8 
piles per day 

1.8 60 0.56 60 

NE anchors, 1 
pile per day 

1.8 60 0.56 60 

SE anchors, 8 
piles per day 

1.8 60 0.56 60 

SE anchors, 1 
pile per day 

1.8 60 0.56 60 

W anchors, 8 
piles per day 

1.8 60 0.56 60 

W anchors, 1 
pile per day 

1.8 60 0.56 60 

OSP 1.8 50 0.46 50 

IRC 1.8 50 0.46 50 

 

Table 3-29 Predicted numbers of grey seal at risk of cumulative PTS from piling activities 

Scenario Flee speed 
(m/s) 

Cumulative PTS 

NE anchors, 8 piles per day 1.8 0.01 (0.01 - 0.01) 

NE anchors, 1 pile per day 1.8 0.02 (0.02 - 0.02) 

SE anchors, 8 piles per day 1.8 0.04 (0.03 - 0.05) 

SE anchors, 1 pile per day 1.8 0.01 (0.01 - 0.01) 

W anchors, 8 piles per day 1.8 0.02 (0.02 - 0.02) 

W anchors, 1 pile per day 1.8 0.04 (0.03 - 0.05) 

Concurrent 8 piles a day 1.8 111.84 (96.76 - 131.13) 

OSP 1.8 0.22 (0.19 - 0.26) 

IRC 1.8 0.07 (0.06 - 0.08) 

 

3.1.8.2 Disturbance 

54. Numbers of grey seal predicted to be disturbed as a result of different piling scenarios based 

on EDRs are presented in Table 3-30. Estimates based on underwater noise modelling and 

dose response relationships are provided in Table 3-31.  
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Table 3-30 Predicted numbers of grey seal disturbed from piling activities based on Effective 
Deterrence Ranges 

Scenario Pile number Disturbance 

NE anchors 9.4 km 47 (41 - 55) 

15 km 126 (109 - 148) 

SE anchors 9.4 km 85 (73 - 99) 

15 km 209 (181 - 245) 

W anchors 9.4 km 107 (93 - 126) 

15 km 264 (228 - 309) 

Concurrent 9.4 km 239 (207 - 280) 

15 km 505 (437 - 592) 

OSP 9.4 km 109 (94 - 128) 

15 km 241 (208 - 282) 

IRC 9.4 km 33 (28 - 38) 

15 km 98 (84 - 114) 

 

Table 3-31 Predicted numbers of grey seal disturbed from piling activities, based on the Whyte et 
al., 2020 dose response relationship 

Scenario Disturbance 

NE anchors 1,546 (1,338 – 1,813) 

SE anchors 1,153 (997 – 1,352) 

W anchors 1,711 (1,481 – 2,007) 

Concurrent 2,186 (1,891 – 2,563) 

OSP 1,934 (1,674 – 2,268) 

IRC 1,233 (1,067 – 1,446) 

 

3.1.9 Harbour seal  

3.1.9.1 PTS 

55. Mean and maximum ranges of instantaneous PTS contours and the numbers of minutes of 

ADD usage predicted to be required to clear the mean ranges for harbour seal are presented 

in Table 3-32. Predicted numbers with the potential to experience cumulative PTS under 

different piling scenarios, flee speeds and thresholds for PTS are presented in Table 3-33. 
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Table 3-32 Mean and maximum ranges of instantaneous PTS contours and numbers of minutes of 
ADD usage predicted to be required to clear the mean range 

Scenario Flee speed 
(m/s) 

Instantaneous PTS 

Mean range (m) ADD duration to 
clear mean range 

(mins) 

Max range (m)* 

NE anchors, 8 
piles per day 

1.8 60 0.56 60 

NE anchors, 1 
pile per day 

1.8 60 0.56 60 

SE anchors, 8 
piles per day 

1.8 60 0.56 60 

SE anchors, 1 
pile per day 

1.8 60 0.56 60 

W anchors, 8 
piles per day 

1.8 60 0.56 60 

W anchors, 1 
pile per day 

1.8 60 0.56 60 

OSP 1.8 50 0.46 50 

IRC 1.8 50 0.46 50 

 

Table 3-33 Predicted numbers of harbour seal at risk of cumulative PTS from piling activities 

Scenario Flee speed 
(m/s) 

Cumulative PTS 

NE anchors, 8 piles per day 1.8 0 (0 - 0) 

NE anchors, 1 pile per day 1.8 0 (0 - 0) 

SE anchors, 8 piles per day 1.8 0 (0 - 0) 

SE anchors, 1 pile per day 1.8 0 (0 - 0) 

W anchors, 8 piles per day 1.8 0 (0 - 0) 

W anchors, 1 pile per day 1.8 0 (0 - 0) 

Concurrent 8 piles a day 1.8 0 (0 - 0) 

OSP 1.8 0 (0 - 0) 

IRC 1.8 0 (0 - 0) 

 

3.1.9.2 Disturbance 

56. Numbers of harbour seal predicted to be disturbed as a result of different piling scenarios 

based on EDRs are presented in Table 3-34. Estimates based on underwater noise modelling 

and dose response relationships are provided in Table 3-35.  
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Table 3-34 Predicted numbers of harbour seal disturbed from piling activities based on Effective 
Deterrence Ranges 

Scenario Pile number Disturbance 

NE anchors 9.4 km 0 (0 - 0) 

15 km 0 (0 - 0) 

SE anchors 9.4 km 0 (0 - 0) 

15 km 0 (0 - 0) 

W anchors 9.4 km 0 (0 - 0) 

15 km 0 (0 - 0) 

Concurrent 9.4 km 0 (0 - 0) 

15 km 0 (0 - 0) 

OSP 9.4 km 0 (0 - 0) 

15 km 0 (0 - 0) 

IRC 9.4 km 0 (0 - 0) 

15 km 0 (0 - 0) 

 
Table 3-35 Predicted numbers of harbour seal disturbed from piling activities, based on the Whyte 
et al., 2020 dose response relationship 

Scenario Disturbance 

NE anchors 1 (1 - 1) 

SE anchors 1 (1 - 1) 

W anchors 1 (1 - 2) 

Concurrent 2 (1 - 2) 

OSP 1 (1 - 2) 

IRC 3 (3 - 4) 

 

3.2 POPULATION LEVEL IMPACTS PREDICTED USING IPCOD  

3.2.1 Minke whale 

3.2.1.1 Single location eight piles per day scenario 

57. Median predicted population sizes over a sample of the years simulated by the iPCoD 

modelling, and the counterfactual population size (the population size in the impacted 

scenario as a proportion of the population size in the baseline scenario) are presented in Table 

3-36. 

58. Median predicted population growth rate over a sample of the years simulated by the iPCoD 

modelling, and the counterfactual population growth rate (the growth rate of the impacted 

scenario as a proportion of the growth rate of the baseline scenario) are presented in Table 

3-37. 

59. Simulated population trajectories are presented in Figure 3-1. 
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Table 3-36 Median (± 95% confidence intervals) predicted population sizes over a sample of the 
years simulated by the iPCoD modelling, and the counterfactual population size 

Year Description Unimpacted 
population 

Impacted 
population 

Counterfactual 
population size 

2036 Piling year 1 10,225 (9,030 – 
11,066) 

10,215 (9,027 – 
11,064) 

0.999 

2037 Piling year 2 10,164 (8,824 – 
11,504) 

10,134 (8,740 – 
11,464) 

0.997 

2038 One year following piling 10,172 (8,590 – 
11,571) 

10,119 (8,504 – 
11,516) 

0.995 

2039 Two years following piling 10,108 (8,742 – 
11,786) 

10,024 (8,609 – 
11,662) 

0.992 

2040 Three years following piling 10,142 (8,586 – 
11,923) 

10,045 (8,509 – 
11,813) 

0.990 

2045 Eight years following piling 10,071 (8,226 – 
12,328) 

9,909 (8,137 – 
12,172) 

0.984 

2050 Thirteen years following piling 9,961 (7,893 – 
12,782) 

9,804 (7,748 – 
12,548) 

0.984 

2055 Eighteen years following piling 9,931 (7,620 – 
13,312) 

9,745 (7,549 – 
13,147) 

0.981 

2060 Twenty-three years following 
piling 

9,902 (7,146 – 
13,443) 

9,730 (7,038 – 
13,266) 

0.983 

 

Table 3-37 Median (± 95% confidence intervals) predicted population growth rates over a sample of 
the years simulated by the iPCoD modelling, and the counterfactual population size 

Year Description Unimpacted 
population 

Impacted 
population 

Counterfactual 
population 
growth rate 

2036 Piling year 1 1.000 (0.883 - 
1.082) 

0.999 (0.883 - 
1.082) 

0.999 

2037 Piling year 2 0.997 (0.929 - 
1.061) 

0.995 (0.924 - 
1.059) 

0.999 

2038 One year following piling 0.998 (0.943 - 
1.042) 

0.996 (0.940 - 
1.040) 

0.998 

2039 Two years following piling 0.997 (0.962 - 
1.036) 

0.995 (0.958 - 
1.033) 

0.998 

2040 Three years following piling 0.998 (0.966 - 
1.031) 

0.996 (0.964 - 
1.029) 

0.998 

2045 Eight years following piling 0.998 (0.978 - 
1.019) 

0.997 (0.977 - 
1.018) 

0.998 

2050 Thirteen years following piling 0.998 (0.983 - 
1.015) 

0.997 (0.982 - 
1.014) 

0.999 

2055 Eighteen years following piling 0.999 (0.985 - 
1.013) 

0.998 (0.985 - 
1.013) 

0.999 

2060 Twenty-three years following 
piling 

0.999 (0.986 - 
1.011) 

0.998 (0.985 - 
1.010) 

0.999 
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Figure 3-1 Population trajectories of baseline and impacted populations of minke whale modelled 
using iPCoD based on the single location, eight piles per day piling scenario 
 

3.2.1.2 Single location one pile per day scenario 

60. Median predicted population sizes over a sample of the years simulated by the iPCoD 

modelling, and the counterfactual population size are presented in Table 3-38. 

61. Median predicted population growth rate over a sample of the years simulated by the iPCoD 

modelling, and the counterfactual population growth rate are presented in Table 3-39. 

62. Simulated population trajectories are presented in Figure 3-2. 
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Table 3-38 Median (± 95% confidence intervals) predicted population sizes over a sample of the 
years simulated by the iPCoD modelling, and the counterfactual population size 

Year Description Unimpacted 
population 

Impacted 
population 

Counterfactual 
population size 

2036 Piling year 1 10,274 (9,106 – 
11,132) 

10,264 (9,106 – 
11,130) 

0.999 

2037 Piling year 2 10,285 (8,866 – 
11,436) 

10,226 (8,839 – 
11,373) 

0.994 

2038 Piling year 3 10,264 (8,696 – 
11,734) 

10,152 (8,526 – 
11,641) 

0.989 

2039 Piling year 4 10,196 (8,632 – 
11,836) 

10,021 (8,438 – 
11,719) 

0.983 

2040 One year following piling 10,144 (8,578 – 
12,028) 

9,937 (8,358 – 
11,799) 

0.980 

2041 Two years following piling 10,123 (8,516 – 
11,862) 

9,875 (8,218 – 
11,656) 

0.976 

2042 Three years following piling 10,080 (8,461 – 
12,058) 

9,801 (8,151 – 
11,830) 

0.972 

2047 Eight years following piling 10,075 (8,002 – 
12,538) 

9,731 (7,678 – 
12,175) 

0.966 

2052 Thirteen years following piling 10,033 (7,748 – 
12,860) 

9,621 (7,397 – 
12,532) 

0.959 

2057 Eighteen years following piling 9,934 (7,364 – 
13,244) 

9,508 (7,027 – 
12,905) 

0.957 

2060 Twenty-one years following piling 9,986 (7,250 – 
13,480) 

9,612 (6,924 – 
13,109) 

0.963 
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Table 3-39 Median (± 95% confidence intervals) predicted population growth rates over a sample of 
the years simulated by the iPCoD modelling, and the counterfactual population size 

Year Description Unimpacted 
population 

Impacted 
population 

Counterfactual 
population 
growth rate 

2036 Piling year 1 1.004 (0.890 - 
1.088) 

1.004 (0.890 - 
1.088) 

0.999 (1.000 - 
1.000) 

2037 Piling year 2 1.003 (0.931 - 
1.057) 

1.000 (0.930 - 
1.054) 

0.997 (0.999 - 
0.997) 

2038 Piling year 3 1.001 (0.947 - 
1.047) 

0.998 (0.941 - 
1.044) 

0.996 (0.993 - 
0.997) 

2039 Piling year 4 0.999 (0.958 - 
1.037) 

0.995 (0.953 - 
1.035) 

0.996 (0.994 - 
0.998) 

2040 One year following piling 0.998 (0.965 - 
1.033) 

0.994 (0.960 - 
1.029) 

0.996 (0.995 - 
0.996) 

2041 Two years following piling 0.998 (0.970 - 
1.025) 

0.994 (0.964 - 
1.022) 

0.996 (0.994 - 
0.997) 

2042 Three years following piling 0.998 (0.973 - 
1.024) 

0.994 (0.968 - 
1.021) 

0.996 (0.995 - 
0.997) 

2047 Eight years following piling 0.999 (0.980 - 
1.017) 

0.996 (0.976 - 
1.015) 

0.997 (0.997 - 
0.998) 

2052 Thirteen years following piling 0.999 (0.984 - 
1.014) 

0.996 (0.981 - 
1.012) 

0.998 (0.997 - 
0.998) 

2057 Eighteen years following piling 0.999 (0.985 - 
1.012) 

0.997 (0.983 - 
1.011) 

0.998 (0.998 - 
0.999) 

2060 Twenty-one years following piling 0.999 (0.986 - 
1.011) 

0.998 (0.985 - 
1.010) 

0.998 (0.998 - 
0.999) 
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Figure 3-2 Population trajectories of baseline and impacted populations of minke whale modelled 
using iPCoD based on the single location, one pile per day piling scenario 
 

3.2.1.3 Concurrent scenario 

63. Median predicted population sizes over a sample of the years simulated by the iPCoD 

modelling, and the counterfactual population size are presented in Table 3-40. 

64. Median predicted population growth rate over a sample of the years simulated by the iPCoD 

modelling, and the counterfactual population growth rate are presented in Table 3-41 

65. Simulated population trajectories are presented in Figure 3-3 
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Table 3-40 Median (± 95% confidence intervals) predicted population sizes over a sample of the 
years simulated by the iPCoD modelling, and the counterfactual population size 

Year Description Unimpacted 
population 

Impacted 
population 

Counterfactual 
population size 

2036 Piling year 1 10,250 (9,068 – 
11,120) 

10,241 (9,044 – 
11,106) 

0.999 

2037 Piling year 2 10,268 (8,890 – 
11,516) 

10,192 (8,810 – 
11,475) 

0.993 

2038 One year following piling 10,217 (8,704 – 
11,676) 

10,097 (8,541 – 
11,578) 

0.988 

2039 Two years following piling 10,215 (8,634 – 
11,878) 

10,037 (8,476 – 
11,732) 

0.983 

2040 Three years following piling 10,185 (8,486 – 
11,786) 

9,990 (8,292 – 
11,654) 

0.981 

2045 Eight years following piling 10,079 (8,220 – 
12,522) 

9,811 (7,932 – 
12,243) 

0.973 

2050 Thirteen years following piling 9,997 (7,886 – 
12,910) 

9,676 (7,638 – 
12,566) 

0.968 

2055 Eighteen years following piling 9,947 (7,483 – 
13,475) 

9,635 (7,250 – 
13,272) 

0.969 

2060 Twenty-three years following 
piling 

9,935 (7,249 – 
13,854) 

9,604 (6,992 – 
13,383) 

0.967 

 

Table 3-41 Median (± 95% confidence intervals) predicted population growth rates over a sample of 
the years simulated by the iPCoD modelling, and the counterfactual population size 

Year Description Unimpacted 
population 

Impacted 
population 

Counterfactual 
population 
growth rate 

2036 Piling year 1 1.002 (0.887 - 
1.087) 

1.001 (0.884 - 
1.086) 

0.999 

2037 Piling year 2 1.002 (0.932 - 
1.061) 

0.998 (0.928 - 
1.059) 

0.996 

2038 One year following piling 1.000 (0.948 - 
1.045) 

0.996 (0.942 - 
1.042) 

0.996 

2039 Two years following piling 1.000 (0.959 - 
1.038) 

0.995 (0.954 - 
1.035) 

0.996 

2040 Three years following piling 0.999 (0.963 - 
1.029) 

0.995 (0.959 - 
1.026) 

0.996 

2045 Eight years following piling 0.999 (0.978 - 
1.020) 

0.996 (0.975 - 
1.018) 

0.997 

2050 Thirteen years following piling 0.998 (0.983 - 
1.016) 

0.996 (0.981 - 
1.014) 

0.998 

2055 Eighteen years following piling 0.999 (0.984 - 
1.014) 

0.997 (0.983 - 
1.013) 

0.998 

2060 Twenty-three years following 
piling 

0.999 (0.986 - 
1.012) 

0.997 (0.985 - 
1.011) 

0.999 
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Figure 3-3 Population trajectories of baseline and impacted populations of minke whale modelled 
using iPCoD based on the single location, concurrent piling scenario 
 

3.2.2 Coastal bottlenose dolphin 

3.2.2.1 Single location eight piles per day scenario 

66. Median predicted population sizes over a sample of the years simulated by the iPCoD 

modelling, and the counterfactual population size are presented in Table 3-42 

67. Median predicted population growth rate over a sample of the years simulated by the iPCoD 

modelling, and the counterfactual population growth rate are presented in Table 3-43. 

68. Simulated population trajectories are presented in Figure 3-4. 
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Table 3-42 Median (± 95% confidence intervals) predicted population sizes over a sample of the 
years simulated by the iPCoD modelling, and the counterfactual population size 

Year Description Unimpacted 
population 

Impacted 
population 

Counterfactual 
population size 

2036 Piling year 1 236 (210 - 256) 236 (210 - 256) 1.000 

2037 Piling year 2 244 (210 - 274) 244 (210 - 274) 1.000 

2038 One year following piling 252 (214 - 288) 252 (212 - 288) 1.000 

2039 Two years following piling 262 (218 - 302) 262 (218 - 302) 1.000 

2040 Three years following piling 272 (222 - 318) 272 (222 - 318) 1.000 

2045 Eight years following piling 328 (254 - 406) 326 (254 - 406) 0.994 

2050 Thirteen years following piling 390 (292 - 494) 388 (292 - 494) 0.995 

2055 Eighteen years following piling 466 (328 - 624) 464 (326 - 620) 0.996 

2060 Twenty-three years following 
piling 

555 (382 - 770) 554 (378 - 766) 0.998 

 

Table 3-43 Median (± 95% confidence intervals) predicted population growth rates over a sample of 
the years simulated by the iPCoD modelling, and the counterfactual population size 

Year Description Unimpacted 
population 

Impacted 
population 

Counterfactual 
population 
growth rate 

2036 Piling year 1 1.035 (0.921 - 
1.123) 

1.035 (0.921 - 
1.123) 

1.000 

2037 Piling year 2 1.034 (0.960 - 
1.096) 

1.034 (0.960 - 
1.096) 

1.000 

2038 One year following piling 1.034 (0.979 - 
1.081) 

1.034 (0.976 - 
1.081) 

1.000 

2039 Two years following piling 1.035 (0.989 - 
1.073) 

1.035 (0.989 - 
1.073) 

1.000 

2040 Three years following piling 1.036 (0.995 - 
1.069) 

1.036 (0.995 - 
1.069) 

1.000 

2045 Eight years following piling 1.037 (1.011 - 
1.059) 

1.036 (1.011 - 
1.059) 

0.999 

2050 Thirteen years following piling 1.036 (1.017 - 
1.053) 

1.036 (1.017 - 
1.053) 

1.000 

2055 Eighteen years following piling 1.036 (1.018 - 
1.052) 

1.036 (1.018 - 
1.051) 

1.000 

2060 Twenty-three years following 
piling 

1.036 (1.021 - 
1.050) 

1.036 (1.020 - 
1.050) 

1.000 
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Figure 3-4 Population trajectories of baseline and impacted populations of coastal bottlenose 
dolphin modelled using iPCoD based on the single location, eight piles per day piling scenario 
 

3.2.2.2 Single location one pile per day scenario 

69. Median predicted population sizes over a sample of the years simulated by the iPCoD 

modelling, and the counterfactual population size are presented in Table 3-44. 

70. Median predicted population growth rate over a sample of the years simulated by the iPCoD 

modelling, and the counterfactual population growth rate are presented in Table 3-45. 

71. Simulated population trajectories are presented in Figure 3-5. 
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Table 3-44 Median (± 95% confidence intervals) predicted population sizes over a sample of the 
years simulated by the iPCoD modelling, and the counterfactual population size 

Year Description Unimpacted 
population 

Impacted 
population 

Counterfactual 
population size 

2036 Piling year 1 236 (214 - 258) 236 (214 - 258) 1.000 

2037 Piling year 2 244 (214 - 274) 244 (212 - 274) 1.000 

2038 Piling year 3 252 (214 - 288) 252 (212 - 288) 1.000 

2039 Piling year 4 262 (218 - 304) 262 (214 - 304) 1.000 

2040 One year following piling 272 (220 - 320) 272 (218 - 318) 1.000 

2041 Two years following piling 282 (228 - 336) 282 (228 - 336) 1.000 

2042 Three years following piling 292 (228 - 350) 290 (228 - 350) 0.993 

2047 Eight years following piling 350 (260 - 436) 348 (258 - 436) 0.994 

2052 Thirteen years following piling 416 (298 - 542) 416 (294 - 542) 1.000 

2057 Eighteen years following piling 500 (342 - 680) 498 (340 - 674) 0.996 

2060 Twenty-one years following piling 560 (370 - 752) 554 (368 - 752) 0.989 

 

Table 3-45 Median (± 95% confidence intervals) predicted population growth rates over a sample of 
the years simulated by the iPCoD modelling, and the counterfactual population size 

Year Description Unimpacted 
population 

Impacted 
population 

Counterfactual 
population 
growth rate 

2036 Piling year 1 1.035 (0.938 - 
1.132) 

1.035 (0.938 - 
1.132) 

1.000 

2037 Piling year 2 1.034 (0.969 - 
1.096) 

1.034 (0.964 - 
1.096) 

1.000 

2038 Piling year 3 1.034 (0.979 - 
1.081) 

1.034 (0.976 - 
1.081) 

1.000 

2039 Piling year 4 1.035 (0.989 - 
1.075) 

1.035 (0.984 - 
1.075) 

1.000 

2040 One year following piling 1.036 (0.993 - 
1.070) 

1.036 (0.991 - 
1.069) 

1.000 

2041 Two years following piling 1.036 (1.000 - 
1.067) 

1.036 (1.000 - 
1.067) 

1.000 

2042 Three years following piling 1.036 (1.000 - 
1.063) 

1.035 (1.000 - 
1.063) 

0.999 

2047 Eight years following piling 1.036 (1.011 - 
1.056) 

1.036 (1.010 - 
1.056) 

1.000 

2052 Thirteen years following piling 1.036 (1.016 - 
1.052) 

1.036 (1.015 - 
1.052) 

1.000 

2057 Eighteen years following piling 1.036 (1.019 - 
1.051) 

1.036 (1.018 - 
1.051) 

1.000 

2060 Twenty-one years following piling 1.037 (1.020 - 
1.049) 

1.036 (1.019 - 
1.049) 

1.000 
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Figure 3-5 Population trajectories of baseline and impacted populations of coastal bottlenose 
dolphin modelled using iPCoD based on the single location, one pile per day piling scenario 

 

3.2.2.3 Concurrent scenario 

72. Median predicted population sizes over a sample of the years simulated by the iPCoD 

modelling, and the counterfactual population size (the population size in the impacted 

scenario as a proportion of the population size in the baseline scenario) are presented in Table 

3-46. 

73. Median predicted population growth rate over a sample of the years simulated by the iPCoD 

modelling, and the counterfactual population growth rate (the growth rate of the impacted 

scenario as a proportion of the growth rate of the baseline scenario) are presented in Table 

3-47. 

74. Simulated population trajectories are presented in Figure 3-6. 
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Table 3-46 Median (± 95% confidence intervals) predicted population sizes over a sample of the 
years simulated by the iPCoD modelling, and the counterfactual population size 

Year Description Unimpacted 
population 

Impacted 
population 

Counterfactual 
population size 

2036 Piling year 1 236 (212 - 254) 236 (212 - 254) 1.000 

2037 Piling year 2 246 (210 - 270) 244 (208 - 270) 0.992 

2038 One year following piling 254 (214 - 286) 254 (212 - 286) 1.000 

2039 Two years following piling 264 (214 - 302) 262 (212 - 300) 0.992 

2040 Three years following piling 274 (218 - 316) 272 (218 - 316) 0.993 

2045 Eight years following piling 324 (252 - 398) 324 (252 - 398) 1.000 

2050 Thirteen years following piling 386 (288 - 484) 386 (286 - 484) 1.000 

2055 Eighteen years following piling 464 (318 - 602) 460 (318 - 602) 0.991 

2060 Twenty-three years following 
piling 

556 (374 - 742) 554 (374 - 742) 0.996 

 

Table 3-47 Median (± 95% confidence intervals) predicted population growth rates over a sample of 
the years simulated by the iPCoD modelling, and the counterfactual population size 

Year Description Unimpacted 
population 

Impacted 
population 

Counterfactual 
population 
growth rate 

2036 Piling year 1 1.035 (0.930 - 
1.114) 

1.035 (0.930 - 
1.114) 

1.000 

2037 Piling year 2 1.039 (0.960 - 
1.088) 

1.034 (0.955 - 
1.088) 

0.996 

2038 One year following piling 1.037 (0.979 - 
1.078) 

1.037 (0.976 - 
1.078) 

1.000 

2039 Two years following piling 1.037 (0.984 - 
1.073) 

1.035 (0.982 - 
1.071) 

0.998 

2040 Three years following piling 1.037 (0.991 - 
1.067) 

1.036 (0.991 - 
1.067) 

0.999 

2045 Eight years following piling 1.036 (1.010 - 
1.057) 

1.036 (1.010 - 
1.057) 

1.000 

2050 Thirteen years following piling 1.036 (1.016 - 
1.051) 

1.036 (1.015 - 
1.051) 

1.000 

2055 Eighteen years following piling 1.036 (1.017 - 
1.050) 

1.036 (1.017 - 
1.050) 

1.000 

2060 Twenty-three years following 
piling 

1.036 (1.020 - 
1.048) 

1.036 (1.020 - 
1.048) 

1.000 
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Figure 3-6 Population trajectories of baseline and impacted populations of coastal bottlenose 
dolphin modelled using iPCoD based on the single location, concurrent piling scenario 
 

3.2.3 Offshore bottlenose dolphin 

3.2.3.1 Single location eight piles per day scenario 

75. Median predicted population sizes over a sample of the years simulated by the iPCoD 

modelling, and the counterfactual population size are presented in Table 3-48. 

76. Median predicted population growth rate over a sample of the years simulated by the iPCoD 

modelling, and the counterfactual population growth rate are presented in Table 3-49. 

77. Simulated population trajectories are presented in Figure 3-7. 
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Table 3-48 Median (± 95% confidence intervals) predicted population sizes over a sample of the 
years simulated by the iPCoD modelling, and the counterfactual population size 

Year Description Unimpacted 
population 

Impacted 
population 

Counterfactual 
population size 

2036 Piling year 1 1,878 (1,664 – 
1,996) 

1,874 (1,660 – 
1,986) 

0.998 

2037 Piling year 2 1,876 (1,610 – 
2,032) 

1,853 (1,532 – 
2,026) 

0.988 

2038 One year following piling 1,861 (1,566 – 
2,056) 

1,832 (1,488 – 
2,048) 

0.984 

2039 Two years following piling 1,850 (1,540 – 
2,068) 

1,816 (1,458 – 
2,064) 

0.982 

2040 Three years following piling 1,840 (1,514 – 
2,086) 

1,810 (1,452 – 
2,078) 

0.984 

2045 Eight years following piling 1,785 (1,390 – 
2,132) 

1,758 (1,370 – 
2,122) 

0.985 

2050 Thirteen years following piling 1,720 (1,280 – 
2,168) 

1,690 (1,260 – 
2,154) 

0.983 

2055 Eighteen years following piling 1,678 (1,216 – 
2,180) 

1,645 (1,190 – 
2,162) 

0.980 

2060 Twenty-three years following 
piling 

1,618 (1,134 – 
2,216) 

1,595 (1,112 – 
2,196) 

0.986 

 

Table 3-49 Median (± 95% confidence intervals) predicted population growth rates over a sample of 
the years simulated by the iPCoD modelling, and the counterfactual population size 

Year Description Unimpacted 
population 

Impacted 
population 

Counterfactual 
population 
growth rate 

2036 Piling year 1 0.996 (0.882 - 
1.058) 

0.994 (0.880 - 
1.053) 

0.998 

2037 Piling year 2 0.997 (0.924 - 
1.038) 

0.991 (0.901 - 
1.036) 

0.994 

2038 One year following piling 0.996 (0.940 - 
1.029) 

0.990 (0.924 - 
1.028) 

0.995 

2039 Two years following piling 0.995 (0.951 - 
1.023) 

0.991 (0.938 - 
1.023) 

0.995 

2040 Three years following piling 0.995 (0.957 - 
1.020) 

0.992 (0.949 - 
1.020) 

0.997 

2045 Eight years following piling 0.995 (0.970 - 
1.012) 

0.993 (0.969 - 
1.012) 

0.998 

2050 Thirteen years following piling 0.994 (0.974 - 
1.009) 

0.993 (0.973 - 
1.009) 

0.999 

2055 Eighteen years following piling 0.994 (0.978 - 
1.007) 

0.993 (0.977 - 
1.007) 

0.999 

2060 Twenty-three years following 
piling 

0.994 (0.980 - 
1.006) 

0.993 (0.979 - 
1.006) 

0.999 
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Figure 3-7 Population trajectories of baseline and impacted populations of offshore bottlenose 
dolphin modelled using iPCoD based on the single location, eight piles per day piling scenario 
 

3.2.3.2 Single location one pile per day scenario 

78. Median predicted population sizes over a sample of the years simulated by the iPCoD 

modelling, and the counterfactual population size are presented in Table 3-50. 

79. Median predicted population growth rate over a sample of the years simulated by the iPCoD 

modelling, and the counterfactual population growth rate are presented in Table 3-51. 

80. Simulated population trajectories are presented in Figure 3-8. 
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Table 3-50 Median (± 95% confidence intervals) predicted population sizes over a sample of the 
years simulated by the iPCoD modelling, and the counterfactual population size 

Year Description Unimpacted 
population 

Impacted 
population 

Counterfactual 
population size 

2036 Piling year 1 1,884 (1,702 – 
2,012) 

1,876 (1,686 – 
2,008) 

0.996 

2037 Piling year 2 1,874 (1,630 – 
2,050) 

1,852 (1,550 – 
2,048) 

0.988 

2038 Piling year 3 1,867 (1,604 – 
2,066) 

1,832 (1,476 – 
2,060) 

0.981 

2039 Piling year 4 1,854 (1,560 – 
2,096) 

1,820 (1,402 – 
2,082) 

0.982 

2040 One year following piling 1,850 (1,512 – 
2,112) 

1,815 (1,406 – 
2,092) 

0.981 

2041 Two years following piling 1,840 (1,494 – 
2,112) 

1,801 (1,410 – 
2,096) 

0.979 

2042 Three years following piling 1,822 (1,472 – 
2,136) 

1,788 (1,392 – 
2,118) 

0.981 

2047 Eight years following piling 1,776 (1,360 – 
2,172) 

1,736 (1,310 – 
2,158) 

0.977 

2052 Thirteen years following piling 1,730 (1,246 – 
2,210) 

1,688 (1,200 – 
2,200) 

0.976 

2057 Eighteen years following piling 1,672 (1,168 – 
2,234) 

1,636 (1,116 – 
2,230) 

0.978 

2060 Twenty-one years following piling 1,657 (1,106 – 
2,228) 

1,608 (1,070 – 
2,192) 

0.970 
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Table 3-51 Median (± 95% confidence intervals) predicted population growth rates over a sample of 
the years simulated by the iPCoD modelling, and the counterfactual population size 

Year Description Unimpacted 
population 

Impacted 
population 

Counterfactual 
population 
growth rate 

2036 Piling year 1 0.999 (0.902 - 
1.067) 

0.995 (0.894 - 
1.065) 

0.996 

2037 Piling year 2 0.997 (0.930 - 
1.043) 

0.991 (0.907 - 
1.042) 

0.994 

2038 Piling year 3 0.997 (0.947 - 
1.031) 

0.990 (0.922 - 
1.030) 

0.994 

2039 Piling year 4 0.996 (0.954 - 
1.027) 

0.991 (0.929 - 
1.025) 

0.995 

2040 One year following piling 0.996 (0.957 - 
1.023) 

0.992 (0.943 - 
1.021) 

0.996 

2041 Two years following piling 0.996 (0.962 - 
1.019) 

0.992 (0.953 - 
1.018) 

0.996 

2042 Three years following piling 0.995 (0.965 - 
1.018) 

0.992 (0.958 - 
1.017) 

0.997 

2047 Eight years following piling 0.995 (0.973 - 
1.012) 

0.993 (0.970 - 
1.011) 

0.998 

2052 Thirteen years following piling 0.995 (0.976 - 
1.009) 

0.993 (0.974 - 
1.009) 

0.999 

2057 Eighteen years following piling 0.995 (0.978 - 
1.008) 

0.994 (0.976 - 
1.008) 

0.999 

2060 Twenty-one years following piling 0.995 (0.979 - 
1.007) 

0.994 (0.978 - 
1.006) 

0.999 
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Figure 3-8 Population trajectories of baseline and impacted populations of offshore bottlenose 
dolphin modelled using iPCoD based on the single location, one piles per day piling scenario 
 

3.2.3.3 Concurrent scenario 

81. Median predicted population sizes over a sample of the years simulated by the iPCoD 

modelling, and the counterfactual population size are presented in Table 3-52. 

82. Median predicted population growth rate over a sample of the years simulated by the iPCoD 

modelling, and the counterfactual population growth rate are presented in Table 3-53. 

83. Simulated population trajectories are presented in Figure 3-9. 
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Table 3-52 Median (± 95% confidence intervals) predicted population sizes over a sample of the 
years simulated by the iPCoD modelling, and the counterfactual population size 

Year Description Unimpacted 
population 

Impacted 
population 

Counterfactual 
population size 

2036 Piling year 1 1,882 (1,672 – 
2,004) 

1,874 (1,658 – 
2,000) 

0.996 

2037 Piling year 2 1,878 (1,646 – 
2,048) 

1,850 (1,542 – 
2,036) 

0.985 

2038 One year following piling 1,860 (1,572 – 
2,080) 

1,832 (1,492 – 
2,070) 

0.985 

2039 Two years following piling 1,856 (1,532 – 
2,084) 

1,822 (1,490 – 
2,082) 

0.982 

2040 Three years following piling 1,840 (1,492 – 
2,098) 

1,808 (1,446 – 
2,092) 

0.983 

2045 Eight years following piling 1,774 (1,360 – 
2,158) 

1,749 (1,338 – 
2,122) 

0.986 

2050 Thirteen years following piling 1,710 (1,252 – 
2,198) 

1,680 (1,222 – 
2,174) 

0.982 

2055 Eighteen years following piling 1,656 (1,202 – 
2,214) 

1,630 (1,176 – 
2,184) 

0.984 

2060 Twenty-three years following 
piling 

1,604 (1,124 – 
2,218) 

1,583 (1,104 – 
2,202) 

0.987 

 

Table 3-53 Median (± 95% confidence intervals) predicted population growth rates over a sample of 
the years simulated by the iPCoD modelling, and the counterfactual population size 

Year Description Unimpacted 
population 

Impacted 
population 

Counterfactual 
population 
growth rate 

2036 Piling year 1 0.998 (0.886 - 
1.063) 

0.994 (0.879 - 
1.060) 

0.996 

2037 Piling year 2 0.998 (0.934 - 
1.042) 

0.990 (0.904 - 
1.039) 

0.993 

2038 One year following piling 0.995 (0.941 - 
1.033) 

0.990 (0.925 - 
1.032) 

0.995 

2039 Two years following piling 0.996 (0.949 - 
1.025) 

0.991 (0.943 - 
1.025) 

0.995 

2040 Three years following piling 0.995 (0.954 - 
1.022) 

0.992 (0.948 - 
1.021) 

0.996 

2045 Eight years following piling 0.994 (0.968 - 
1.014) 

0.992 (0.966 - 
1.012) 

0.999 

2050 Thirteen years following piling 0.993 (0.973 - 
1.010) 

0.992 (0.971 - 
1.010) 

0.999 

2055 Eighteen years following piling 0.994 (0.978 - 
1.008) 

0.993 (0.977 - 
1.007) 

0.999 

2060 Twenty-three years following 
piling 

0.994 (0.980 - 
1.007) 

0.993 (0.979 - 
1.006) 

0.999 
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Figure 3-9 Population trajectories of baseline and impacted populations of offshore bottlenose 
dolphin modelled using iPCoD based on the single location, concurrent piling scenario 
 

3.2.4 Harbour porpoise 

3.2.4.1 Single location eight piles per day scenario 

84. Median predicted population sizes over a sample of the years simulated by the iPCoD 

modelling, and the counterfactual population size are presented in Table 3-54. 

85. Median predicted population growth rate over a sample of the years simulated by the iPCoD 

modelling, and the counterfactual population growth rate are presented in Table 3-55. 

86. Simulated population trajectories are presented in Figure 3-10. 
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Table 3-54 Median (± 95% confidence intervals) predicted population sizes over a sample of the 
years simulated by the iPCoD modelling, and the counterfactual population size. Numbers in 
brackets are the upper and lower confidence intervals 

Year Description Unimpacted population Impacted population Counterfactual 
population size 

2036 Piling year 1 16,0012 (14,6001 – 
17,0932) 

15,9591 (14,5461 – 
17,0404) 

0.997 

2037 Piling year 2 15,9999 (14,3383 – 
17,4817) 

15,8128 (14,1040 – 
17,2550) 

0.988 

2038 One year 
following piling 

15,9662 (14,1073 – 
17,9351) 

15,6864 (13,8161 – 
17,5836) 

0.982 

2039 Two years 
following piling 

16,0068 (13,8504 – 
18,3069) 

15,7856 (13,6611 – 
17,9382) 

0.986 

2040 Three years 
following piling 

15,9993 (13,6569 – 
18,3375) 

15,8161 (13,4833 – 
17,9272) 

0.989 

2045 Eight years 
following piling 

15,8218 (12,9857 – 
19,2762) 

15,6215 (12,8109 – 
18,9944) 

0.987 

2050 Thirteen years 
following piling 

15,7637 (12,5747 – 
20,3590) 

15,6173 (12,4108 – 
20,1244) 

0.991 

2055 Eighteen years 
following piling 

15,8299 (12,0334 – 
20,9869) 

15,6376 (11,9127 – 
20,5225) 

0.988 

2060 Twenty-three 
years following 
piling 

15,8185 (11,5441 – 
21,4533) 

15,6492 (11,3638 – 
21,1077) 

0.989 
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Table 3-55 Median (± 95% confidence intervals) predicted population growth rates over a sample of 
the years simulated by the iPCoD modelling, and the counterfactual population size 

Year Description Unimpacted 
population 

Impacted 
population 

Counterfactual 
population 
growth rate 

2036 Piling year 1 1.002 (0.915 - 
1.071) 

1.000 (0.911 - 
1.067) 

0.997 

2037 Piling year 2 1.001 (0.948 - 
1.046) 

0.995 (0.940 - 
1.040) 

0.994 

2038 One year following piling 1.000 (0.960 - 
1.040) 

0.994 (0.953 - 
1.033) 

0.994 

2039 Two years following piling 1.001 (0.965 - 
1.035) 

0.997 (0.962 - 
1.030) 

0.997 

2040 Three years following piling 1.000 (0.969 - 
1.028) 

0.998 (0.967 - 
1.023) 

0.998 

2045 Eight years following piling 0.999 (0.980 - 
1.019) 

0.998 (0.978 - 
1.018) 

0.999 

2050 Thirteen years following piling 0.999 (0.984 - 
1.016) 

0.999 (0.983 - 
1.016) 

0.999 

2055 Eighteen years following piling 1.000 (0.986 - 
1.014) 

0.999 (0.985 - 
1.013) 

0.999 

2060 Twenty-three years following 
piling 

1.000 (0.987 - 
1.012) 

0.999 (0.986 - 
1.011) 

1.000 
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Figure 3-10 Population trajectories of baseline and impacted populations of harbour porpoise 
modelled using iPCoD based on the single location, eight piles per day piling scenario 

3.2.4.2 Single location one pile per day scenario 

87. Median predicted population sizes over a sample of the years simulated by the iPCoD 

modelling, and the counterfactual population size are presented in Table 3-56. 

88. Median predicted population growth rate over a sample of the years simulated by the iPCoD 

modelling, and the counterfactual population growth rate are presented in Table 3-57. 

89. Simulated population trajectories are presented in Figure 3-11. 
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Table 3-56 Median (± 95% confidence intervals) predicted population sizes over a sample of the 
years simulated by the iPCoD modelling, and the counterfactual population size 

Year Description Unimpacted 
population 

Impacted population Counterfactual 
population size 

2036 Piling year 1 160,028 (146,596 - 
171,111) 

159,547 (146,119 – 
170,829) 

0.997 

2037 Piling year 2 159,885 (143,667 - 
175,676) 

157,968 (140,307 – 
173,964) 

0.988 

2038 Piling year 3 159,374 (141,407 - 
177,876) 

156,170 (136,252 – 
175,038) 

0.980 

2039 Piling year 4 159,576 (138,292 - 
180,635) 

155,833 (133,605 – 
178,160) 

0.977 

2040 One year following 
piling 

159,600 (137,975 - 
183,715) 

155,884 (133,368 – 
180,291) 

0.977 

2041 Two years following 
piling 

158,797 (135,414 - 
184,566) 

156,048 (133,095 – 
180,748) 

0.983 

2042 Three years 
following piling 

159,187 (133,065 - 
188,401) 

155,731 (131,212 – 
185,250) 

0.978 

2047 Eight years 
following piling 

158,345 (128,143 - 
198,518) 

155,276 (125,673 – 
193,662) 

0.981 

2052 Thirteen years 
following piling 

157,346 (122,226 - 
206,499) 

154,568 (119,247 – 
202,079) 

0.982 

2057 Eighteen years 
following piling 

158,191 (116,937 - 
211,518) 

155,233 (115,478 – 
206,504) 

0.981 

2060 Twenty-one years 
following piling 

158,527 (114,499 - 
217,945) 

155,811 (112,496 – 
211,722) 

0.983 
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Table 3-57 Median (± 95% confidence intervals) predicted population growth rates over a sample of 
the years simulated by the iPCoD modelling, and the counterfactual population size 

Year Description Unimpacted 
population 

Impacted 
population 

Counterfactual 
population 
growth rate 

2036 Piling year 1 1.002 (0.918 - 
1.072) 

0.999 (0.915 - 
1.070) 

0.997 

2037 Piling year 2 1.001 (0.949 - 
1.049) 

0.995 (0.938 - 
1.044) 

0.994 

2038 Piling year 3 0.999 (0.960 - 
1.037) 

0.993 (0.949 - 
1.031) 

0.993 

2039 Piling year 4 1.000 (0.965 - 
1.031) 

0.994 (0.956 - 
1.028) 

0.994 

2040 One year following piling 1.000 (0.971 - 
1.028) 

0.995 (0.965 - 
1.025) 

0.995 

2041 Two years following piling 0.999 (0.973 - 
1.024) 

0.996 (0.970 - 
1.021) 

0.997 

2042 Three years following piling 1.000 (0.974 - 
1.024) 

0.996 (0.972 - 
1.021) 

0.997 

2047 Eight years following piling 0.999 (0.982 - 
1.018) 

0.998 (0.980 - 
1.016) 

0.998 

2052 Thirteen years following piling 0.999 (0.984 - 
1.015) 

0.998 (0.983 - 
1.014) 

0.999 

2057 Eighteen years following piling 1.000 (0.986 - 
1.013) 

0.999 (0.985 - 
1.012) 

0.999 

2060 Twenty-one years following piling 1.000 (0.987 - 
1.013) 

0.999 (0.986 - 
1.011) 

0.999 
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Figure 3-11 Population trajectories of baseline and impacted populations of harbour porpoise 
modelled using iPCoD based on the single location, one pile per day piling scenario 
 

3.2.4.3 Concurrent scenario 

90. Median predicted population sizes over a sample of the years simulated by the iPCoD 

modelling, and the counterfactual population size are presented in Table 3-58. 

91. Median predicted population growth rate over a sample of the years simulated by the iPCoD 

modelling, and the counterfactual population growth rate are presented in Table 3-59. 

92. Simulated population trajectories are presented in Figure 3-12. 
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Table 3-58 Median (± 95% confidence intervals) predicted population sizes over a sample of the 
years simulated by the iPCoD modelling, and the counterfactual population size 

Year Description Unimpacted population Impacted population Counterfactual 
population size 

2036 Piling year 1 160,140 (146,210 – 
171,113) 

159,592 (145,691 – 
170,391) 

0.997 

2037 Piling year 2 159,936 (141,844 - 
175,647) 

157,888 (139,059 – 
173,494) 

0.987 

2038 One year 
following piling 

159,708 (140,387 - 
179,535) 

156,635 (136,644 – 
174,817) 

0.981 

2039 Two years 
following piling 

159,586 (138,900 - 
182,266) 

156,699 (136,419 – 
178,441) 

0.982 

2040 Three years 
following piling 

159,403 (137,148 - 
183,042) 

157,250 (135,449 – 
182,097) 

0.986 

2045 Eight years 
following piling 

159,747 (129,826 - 
194,241) 

157,263 (128,188 – 
192,346) 

0.984 

2050 Thirteen years 
following piling 

159,408 (124,968 – 
202,496) 

157,437 (124,080 – 
198,365) 

0.988 

2055 Eighteen years 
following piling 

159,103 (119,668 – 
211,338) 

156,728 (117,936 – 
207,428) 

0.985 

2060 Twenty-three 
years following 
piling 

159,484 (114,821 – 
213,802) 

156,360 (113,055 – 
210,136) 

0.980 

 

Table 3-59 Median (± 95% confidence intervals) predicted population growth rates over a sample of 
the years simulated by the iPCoD modelling, and the counterfactual population size 

Year Description Unimpacted 
population 

Impacted 
population 

Counterfactual 
population 
growth rate 

2036 Piling year 1 1.003 (0.916 - 
1.072) 

1.000 (0.913 - 
1.067) 

0.997 

2037 Piling year 2 1.001 (0.943 - 
1.049) 

0.995 (0.933 - 
1.043) 

0.994 

2038 One year following piling 1.000 (0.958 - 
1.040) 

0.994 (0.949 - 
1.031) 

0.994 

2039 Two years following piling 1.000 (0.966 - 
1.034) 

0.995 (0.961 - 
1.028) 

0.995 

2040 Three years following piling 1.000 (0.970 - 
1.028) 

0.997 (0.968 - 
1.027) 

0.997 

2045 Eight years following piling 1.000 (0.980 - 
1.020) 

0.999 (0.978 - 
1.019) 

0.998 

2050 Thirteen years following piling 1.000 (0.984 - 
1.016) 

0.999 (0.983 - 
1.015) 

0.999 

2055 Eighteen years following piling 1.000 (0.986 - 
1.014) 

0.999 (0.985 - 
1.013) 

0.999 

2060 Twenty-three years following 
piling 

1.000 (0.987 - 
1.012) 

0.999 (0.986 - 
1.011) 

0.999 
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Figure 3-12 Population trajectories of baseline and impacted populations of harbour porpoise 
modelled using iPCoD based on the single location, concurrent piling scenario 
 

3.2.5 Grey seal 

3.2.5.1 Single location eight piles per day scenario 

93. Median predicted population sizes over a sample of the years simulated by the iPCoD 

modelling, and the counterfactual population size are presented in Table 3-60. 

94. Median predicted population growth rate over a sample of the years simulated by the iPCoD 

modelling, and the counterfactual population growth rate are presented in Table 3-61. 

95. Simulated population trajectories are presented in Figure 3-13. 



Buchan Offshore Wind  Appendix 10.2 Marine Mammals and Other Megafauna Technical Report 
Environmental Impact Assessment Page 65 
 

Table 3-60 Median (± 95% confidence intervals) predicted population sizes over a sample of the 
years simulated by the iPCoD modelling, and the counterfactual population size 

Year Description Unimpacted 
population 

Impacted population Counterfactual 
population size 

2036 Piling year 1 105,199.5 (95,517 – 
111,757) 

105,199.5 (95,517 – 
111,757) 

1.000 

2037 Piling year 2 106,631 (94,113 – 
115,373) 

106,631 (94,113 – 
115,373) 

1.000 

2038 One year following 
piling 

108,429.5 (93,898 – 
118,893) 

108,429.5 (93,898 – 
118,893) 

1.000 

2039 Two years following 
piling 

110,232 (93,105 – 
123,049) 

110,232 (93,105 – 
123,049) 

1.000 

2040 Three years following 
piling 

111,327 (93,831 – 
125,150) 

111,327 (93,831 – 
125,150) 

1.000 

2045 Eight years following 
piling 

119,323 (94,685 – 
145,578) 

119,323 (94,685 – 
145,578) 

1.000 

2050 Thirteen years 
following piling 

127,660.5 (92,577 – 
165,590) 

127,660.5 (92,577 – 
165,590) 

1.000 

2055 Eighteen years 
following piling 

137,126 (94,933 – 
183,655) 

137,126 (94,933 – 
183,655) 

1.000 

2060 Twenty-three years 
following piling 

146,700.5 (98,647 – 
208,122) 

146,700.5 (98,647 – 
208,122) 

1.000 

 

Table 3-61 Median (± 95% confidence intervals) predicted population growth rates over a sample of 
the years simulated by the iPCoD modelling, and the counterfactual population size 

Year Description Unimpacted 
population 

Impacted 
population 

Counterfactual 
population 
growth rate 

2036 Piling year 1 1.049 (0.953 - 
1.115) 

1.049 (0.953 - 
1.115) 

1.000 

2037 Piling year 2 1.031 (0.969 - 
1.073) 

1.031 (0.969 - 
1.073) 

1.000 

2038 One year following piling 1.026 (0.978 - 
1.058) 

1.026 (0.978 - 
1.058) 

1.000 

2039 Two years following piling 1.024 (0.982 - 
1.053) 

1.024 (0.982 - 
1.053) 

1.000 

2040 Three years following piling 1.021 (0.987 - 
1.045) 

1.021 (0.987 - 
1.045) 

1.000 

2045 Eight years following piling 1.018 (0.994 - 
1.038) 

1.018 (0.994 - 
1.038) 

1.000 

2050 Thirteen years following piling 1.016 (0.995 - 
1.034) 

1.016 (0.995 - 
1.034) 

1.000 

2055 Eighteen years following piling 1.016 (0.997 - 
1.031) 

1.016 (0.997 - 
1.031) 

1.000 

2060 Twenty-three years following 
piling 

1.015 (0.999 - 
1.030) 

1.015 (0.999 - 
1.030) 

1.000 
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Figure 3-13 Population trajectories of baseline and impacted populations of grey seal modelled 
using iPCoD based on the single location, eight piles per day piling scenario 
 

3.2.5.2 Single location one pile per day scenario 

96. Median predicted population sizes over a sample of the years simulated by the iPCoD 

modelling, and the counterfactual population size are presented in Table 3-62. 

97. Median predicted population growth rate over a sample of the years simulated by the iPCoD 

modelling, and the counterfactual population growth rate are presented in Table 3-63. 

98. Simulated population trajectories are presented in Figure 3-14. 
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Table 3-62 Median (± 95% confidence intervals) predicted population sizes over a sample of the 
years simulated by the iPCoD modelling, and the counterfactual population size 

Year Description Unimpacted 
population 

Impacted population Counterfactual 
population size 

2036 Piling year 1 105,338 (94,800 – 
111,874) 

105,338 (94,800 – 
111,874) 

1.000 

2037 Piling year 2 106,853 (93,469 – 
115,521) 

106,853 (93,469 – 
115,521) 

1.000 

2038 Piling year 3 108,461 (92,052 – 
119,702) 

108,461 (92,052 – 
119,702) 

1.000 

2039 Piling year 4 110,076 (93,402 – 
122,379) 

110,076 (93,402 – 
122,379) 

1.000 

2040 One year following 
piling 

111,547.5 (93,556 – 
126,720) 

111,547.5 (93,556 – 
126,720) 

1.000 

2041 Two years following 
piling 

112,938 (93,029 – 
129,569) 

112,926 (93,029 – 
129,569) 

1.000 

2042 Three years 
following piling 

114,622.5 (92,634 – 
134,102) 

114,622.5 (92,634 – 
134,102) 

1.000 

2047 Eight years 
following piling 

122,944 (93,693 – 
153,053) 

122,944 (93,693 – 
153,053) 

1.000 

2052 Thirteen years 
following piling 

131,002 (95,695 – 
172,391) 

131,002 (95,695 – 
172,391) 

1.000 

2057 Eighteen years 
following piling 

140,223 (96,971 – 
190,521) 

140,223 (96,971 – 
190,521) 

1.000 

2060 Twenty-one years 
following piling 

147,669 (98,724 – 
204,550) 

147,669 (98,724 – 
204,550) 

1.000 
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Table 3-63 Median (± 95% confidence intervals) predicted population growth rates over a sample of 
the years simulated by the iPCoD modelling, and the counterfactual population size 

Year Description Unimpacted 
population 

Impacted 
population 

Counterfactual 
population 
growth rate 

2036 Piling year 1 1.051 (0.946 - 
1.116) 

1.051 (0.946 - 
1.116) 

1.000 

2037 Piling year 2 1.032 (0.966 - 
1.073) 

1.032 (0.966 - 
1.073) 

1.000 

2038 Piling year 3 1.027 (0.972 - 
1.061) 

1.027 (0.972 - 
1.061) 

1.000 

2039 Piling year 4 1.024 (0.982 - 
1.051) 

1.024 (0.982 - 
1.051) 

1.000 

2040 One year following piling 1.022 (0.986 - 
1.048) 

1.022 (0.986 - 
1.048) 

1.000 

2041 Two years following piling 1.020 (0.988 - 
1.044) 

1.020 (0.988 - 
1.044) 

1.000 

2042 Three years following piling 1.019 (0.989 - 
1.042) 

1.019 (0.989 - 
1.042) 

1.000 

2047 Eight years following piling 1.017 (0.994 - 
1.036) 

1.017 (0.994 - 
1.036) 

1.000 

2052 Thirteen years following piling 1.016 (0.997 - 
1.032) 

1.016 (0.997 - 
1.032) 

1.000 

2057 Eighteen years following piling 1.015 (0.998 - 
1.030) 

1.015 (0.998 - 
1.030) 

1.000 

2060 Twenty-one years following piling 1.016 (0.999 - 
1.029) 

1.016 (0.999 - 
1.029) 

1.000 
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Figure 3-14 Population trajectories of baseline and impacted populations of grey seal modelled 
using iPCoD based on the single location, one pile per day piling scenario 
 

3.2.5.3 Concurrent scenario 

99. Median predicted population sizes over a sample of the years simulated by the iPCoD 

modelling, and the counterfactual population size are presented in Table 3-64. 

100. Median predicted population growth rate over a sample of the years simulated by the iPCoD 

modelling, and the counterfactual population growth rate are presented in Table 3-65. 

101. Simulated population trajectories are presented in Figure 3-15. 
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Table 3-64 Median (± 95% confidence intervals) predicted population sizes over a sample of the 
years simulated by the iPCoD modelling, and the counterfactual population size 

Year Description Unimpacted 
population 

Impacted population Counterfactual 
population size 

2036 Piling year 1 105,396.5 (95,258 – 
112,303) 

105,396.5 (95,258 – 
112,303) 

1.000 

2037 Piling year 2 107,381.5 (94,851 – 
115,808) 

107,381.5 (94,851 – 
115,808) 

1.000 

2038 One year following 
piling 

108,715 (94,491 – 
119,511) 

108,717.5 (94,484 – 
119,506) 

1.000 

2039 Two years following 
piling 

110,345.5 (93,388 – 
123,212) 

110,342 (93,382 – 
123,217) 

1.000 

2040 Three years following 
piling 

112,157 (94,868 – 
126,099) 

112,155 (94,875 – 
126,093) 

1.000 

2045 Eight years following 
piling 

119,567 (92,757 – 
145,200) 

119,563.5 (92,759 – 
145,188) 

1.000 

2050 Thirteen years 
following piling 

128,520 (95,399 – 
162,600) 

128,515.5 (95,387 – 
162,578) 

1.000 

2055 Eighteen years 
following piling 

138,511 (100,019 – 
183,602) 

138,515 (100,016 – 
183,546) 

1.000 

2060 Twenty-three years 
following piling 

148,007 (98,575 – 
203,888) 

147,983 (98,575 – 
203,888) 

1.000 

 

Table 3-65 Median (± 95% confidence intervals) predicted population growth rates over a sample of 
the years simulated by the iPCoD modelling, and the counterfactual population size 

Year Description Unimpacted 
population 

Impacted 
population 

Counterfactual 
population 
growth rate 

2036 Piling year 1 1.051 (0.950 - 
1.120) 

1.051 (0.950 - 
1.120) 

1.000 

2037 Piling year 2 1.035 (0.973 - 
1.075) 

1.035 (0.973 - 
1.075) 

1.000 

2038 One year following piling 1.027 (0.980 - 
1.060) 

1.027 (0.980 - 
1.060) 

1.000 

2039 Two years following piling 1.024 (0.982 - 
1.053) 

1.024 (0.982 - 
1.053) 

1.000 

2040 Three years following piling 1.023 (0.989 - 
1.047) 

1.023 (0.989 - 
1.047) 

1.000 

2045 Eight years following piling 1.018 (0.992 - 
1.038) 

1.018 (0.992 - 
1.038) 

1.000 

2050 Thirteen years following piling 1.017 (0.997 - 
1.033) 

1.017 (0.997 - 
1.033) 

1.000 

2055 Eighteen years following piling 1.016 (1.000 - 
1.031) 

1.016 (1.000 - 
1.031) 

1.000 

2060 Twenty-three years following 
piling 

1.016 (0.999 - 
1.029) 

1.016 (0.999 - 
1.029) 

1.000 
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Figure 3-15 Population trajectories of baseline and impacted populations of grey seal modelled 
using iPCoD based on the single location, concurrent piling scenario 
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