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3.3 
25. 

Potential Energy Anomaly 
Seawater density is fundamentally a function of its equation of state, where density (p) increases 
as temperature (T) decreases and salinity (S) increases. In a typical stratified environment, solar 

heating at the surface creates a warm, buoyant upper layer, while colder, saltier - and thus denser 
- water occupies the depths. This vertical density gradient establishes the gravitational potential 
energy distribution of the water column. To disrupt this state and mix the layers, external work must 
be performed. This is often quantified by the PEA (</J ), which represents the mechanical energy per 
unit volume (in Joules per cubic metre, J/m3 ) required to fully mix the water column. In the context 
of offshore wind energy, submerged structures act as a source of this mechanical energy, 
converting kinetic energy from tides and currents into turbulence that "lifts" the denser bottom 
water, thereby increasing the total potential energy of the system and weakening the stratification. 

26. To assess if the floating offshore unit (FOUs) can change water column structure, within the WFDA, 
instantaneous vertical profiles of water temperature and salinity were used to calculate 
instantaneous vertical profiles of water density. These density profiles were used to determine the 
stratification strength of the water column through the PEA which is calculated as: 

1 JH </J(t) = - (p(z, t) - p0)gz dz 
H o 

where </J is the PEA, g is gravity, p is the instantaneous density profile, Po is the well-mixed density 
profile, z is the vertical elevation, and His the water depth. 

27. A PEA of zero indicates a fully mixed column, while positive values indicate varying degrees of 
stratification. Following the Scottish Government Guidance, a PEA value of 20 J/m3 or higher 
suggests significant stratification, which can impact nutrient availability and oxygen levels in aquatic 
environments (Scottish Government, 2020). 

28. Plate 3.13 shows the monthly averaged PEA inside the Bellrock WFDA. A ±20% band around the 
20 J/m3 threshold was used to define: a weakly stratified water column when 16 J/m3 < 
</J <24 J/m3 , a stratified water column when </J 2:'.24 J/m3, and well mixed water column when </J ~16 
J/m3• The plate shows that during summer months (June, July, August) a strong stratification 
develops inside the Bellrock WFDA. 
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Plate 3.13: Monthly and Spatially Averaged Potential Energy Anomaly Inside the Bellrock WFDA 
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29. Plate 3.14 shows the PEA spatial distribution around the Bellrock WFDA. Location of mixed water 
column (PEA<20 J/m3) have been blanked. Stratification starts developing in May in the east of the 
Bellrock WFDA. In June a weak stratification develops within most of the Bellrock WFDA with 
slightly larger PEA values in the east. In July and August the stratification is the strongest and 
comprises most of the Bellrock WFDA. After August stratification starts to weaken meaning that 
the water column becomes well mixed. However, due to the persistently higher PEA values on the 
east, the water column in the Bellrock WFDA becomes fully mixed by October. 
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Plate 3.14: Monthly Averaged Potential Energy Anomaly Maps 
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30. Temperature and salinity data from the SSW-RS (Barton et al. 2022) were used to analyse the 

vertical structure of temperature and salinity, and to calculate the PEA within the WFDA. 

31. Analysis of the temperature data reveal that thermic stratification within the Bell rock WFDA occurs 

during summer months due to insolation. The thermocline develops due to warmer surface waters 
compared to rest of the water column. Vertical profiles of water temperature in the longitudinal and 
latitudinal direction show that the thermocline develops between April and September at depths 

between 10 m and 20 m. The thermocline is strongest during July and August when the difference 

in surface and bottom temperature is 5 °C. 

32. Analysis of salinity concentration in the water column reveal weak stratification within the Bellrock 

WFDA. The halocline is always stronger to the east of the WFDA when compared to the west. The 
maximum difference between surface concentration and the bottom of the water column is 0.125 g/I 
(moderate halocline). This largest value occurs only during June, while during the rest of the year 

the halocline is weak (differences less than 0.05 g/I). Vertical profiles of salinity concentration along 
a longitudinal and latitudinal transect reveal that the halocline develops at depths between 15 m to 

20 m. During July and August the vertical profiles reveal a veneer of high concentration water 

around 15 m to 25 m below surface. 

33. Instantaneous vertical profiles of water temperature and salinity were used to calculate 
instantaneous vertical profiles of water density. These were used to calculate the PEA, which 
represents the energy required to break the stratification and fully mix the water column. Analysis 

of the PEA shows that the Bellrock WFDA is strongly stratified (PEA> 24 J/m3) during June, July, 
and August, while it is well mixed during the rest of the year (PEA< 16 J/m3). Spatial variation of 

PEA shows that stratification is stronger on the east side of the Bellrock WFDA. 
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