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Abstract— The nature of the flow at in-stream tidal 

energy sites is particularly important for predicting array 

and device performance, and also for operations and 

maintenance planning. Flow characteristics of Ramsey 

Sound, based on analysis of 2 weeks of Acoustic Doppler 

Current Profiler (ADCP) data from the site of the 

Deltastream device are presented here, alongside tide gauge 

data from the nearby Standard Port of Milford Haven. The 

ADCP was located approximately 300 m across the channel, 

at the northern end of Ramsey Sound, where the channel 

width was 1200 m and the mean depth was approximately 

33 m. The flow dynamics were examined specifically to look 

at times potentially suitable for offshore operations. Results 

demonstrate that flow velocities exhibited clear asymmetry, 

with stronger flows on the northerly directed flood tide than 

on the ebb. Cross correlation indicated that the flow speed 

generally led the elevation by 20 minutes.  In contrast to the 

expected theory, the current strength at mid-depth was 

stronger than at the surface on the maximum flood tide.  The 

maximum flow speed in the tide was reasonably predictable 

from the tide range at Milford Haven. A threshold-based 

analysis of the ADCP measurements allowed the duration 

of slow-moving water to be identified for operation 

planning. 

 

Keywords—Tidal energy, ADCP measurements, Ramsey 

Sound.  

I. INTRODUCTION 

HE nature of the flow at in-stream tidal energy sites 

is particularly important for predicting array and 

device performance [1], and also for operations and 

maintenance planning. Previous developers have reported 

issues such as the choice of vessel, cost of operations, and 

the limits of operation of deployment vessels affecting 

deployment, maintenance and recovery [2]. The dynamics 

of the flow around slack water has been of particular 

interest at Ramsey Sound in Pembrokeshire (UK) for 

recovery of an existing turbine, the Tidal Energy Limited 

‘Deltastream’ (Figure 1), and also for deployment of future 
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turbines using locally sourced vessels, such as the KML 

vessel ‘Sarah Grey’ (Figure 2).  

Ramsey Sound is of variable geometry, measuring 

approximately 2-3 km long, 0.8-1.5 km wide, and with 

depths up to 69 m below Chart Datum (Figure 3).  The tidal 

dynamics of West Wales are macro-tidal, semi-diurnal and 

largely dominated by the M2 component [4], with Ramsey 

sound sitting within a partially standing wave system in 

the Irish sea [5]. The tidal range at Milford Haven (to the 

South) is 6.29 m, and 4.02 m at Fishguard (to the North). 

Peak flows at the northern end of Ramsey Sound have 
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Fig. 1. Tidal Energy Limited ‘Deltastream’ device prior to 

deployment in Ramsey Sound. Source [3].   

 
  

 
Fig. 2. Local vessel: Sarah Grey. Source: KML 
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been measured using an ADCP at up to 3 m/s, and flows 

are flood dominated  [6]. Data from both ship-based ADCP 

transects [7] and numerical modelling [8, 9] indicates 

considerable spatial variability in the flow, due to features 

such as Horse Rock, a mid-channel trench, bed roughness 

variability, and rocks on the western side of the channel 

known as The Bitches. 

 

The seabed is made up of bedrock, gravel and coarse 

sand [10, 11].  The flow is roughly bi-directional, with 

dominant flood flows heading to the North [3, 6, 7].  

Analysis of turbine scale Turbulent Kinetic Energy (TKE) 

has shown TKE is larger on the flood tide, and there are 

longer turbulent lengthscales (up to ~15 m) on the flood 

tide than on the ebb (up to ~11 m) [9].  The peak energy 

flux through the sound has been estimated at up to 180 

MW, although the extractable power was estimated in the 

region 7.2 to 21.8 MW [7].  

During 2015 a 400 kW tidal energy device was placed in 

the sound in a depth of approximately 35 m.  The device 

was a 3 bladed fixed pitch rotor with 12 m diameter, 

mounted on a gravity base, standing 18.1 m tall overall and 

with a hub 12.1 m above the bed [3, 12].  The effect of the 

turbine on the flow has been modelled using similar 

geometry and flow speeds to the Ramsey Sound 

deployment and indicates flow recovery by 10 turbine 

diameters (D) downstream [13]. In-situ ADCP 

measurements on the device measuring flows arriving at 

the turbine indicate that the flow is affected up to 0.75 D 

upstream [12]. 

This paper examines data from Ramsey Sound from the 

perspective of operations management and planning for 

tidal energy device deployment, operation, maintenance, 

and recovery. 

II. METHOD 

Flow characteristics of Ramsey Sound were analysed, 

using simultaneous ADCP measurements from the Sound 

and tide gauge data from Milford Haven, which is the 

closest Standard Port.  The ADCP was located 

approximately 300 m across the channel, at the northern 

end of Ramsey Sound, where the channel width was 1200 

m and the mean depth was approximately 33 m. The 

ADCP was adjacent to the location of the Deltastream tidal 

energy device. The flow dynamics were examined 

specifically to look at times potentially suitable for offshore 

operations, but also in response to operational questions 

about the flow dynamics raised by developers at the site. 

The ADCP (Figure 4) was an RDI 600 kHz Workhorse 

Sentinel.  

 

Two weeks of data from 18th February 2009 to 21st March 

2009 were used in the analysis, spanning a complete 

spring-neap cycle. For the majority of the analysis, mean 

flow values were used, calculated at 10-minute intervals 

over 33 x 1 m depth bins, from 2.27 m above seabed to the 

surface.  

III. RESULTS 

Results demonstrate that ADCP data can reveal a range 

of information that is relevant to marine operations.  In 

particular, the work at Ramsey has found that flow 

velocities exhibited clear asymmetry, with stronger flows 

on the flood tide (northerly) than on the ebb (Figure 5). 

 Peak mean flows on the spring flood appear to reach 

3.19 m/s, consistent with [6], however analysis of the data 

against rank suggests the highest three measurements are 

slightly greater than the general data distribution, and a 

maximum of 2.75 m/s is possibly more realistic. The ebb 

(southerly) maximum was 2.01 m/s. The residual tide 

(average over the two weeks) was 0.14 m/s in a northerly 

direction. The spring–neap variability was clearly visible, 

with neap tide northerly flows peaking at 1.68 m/s and 

southerly flows reaching 1.29 m/s The maximum depth 

recorded at the ADCP was 35.4 m. The minimum was 30.39 

 
Fig. 3.  Location of Ramsey Sound (inset) and ADCP position in the 

sound (red dot). Figure components sourced from Edina Digimap. 

Chart is UK Admiralty Chart 1482. 
  

 
Fig. 4. ADCP in deployment housing from a similar deployment at 

the same location in Ramsey Sound. Source: [12]. 
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m, giving a range of 5.05 m. The mean measured depth was 

33.01 m. For the same period, the range at Milford Haven 

was 7.08 m.  Generally, the range in Ramsey Sound was 

smaller than that at Milford Haven by a factor of 0.68. The 

two were approximately linearly related, with an r2 of 0.96. 

The current strength in the water column was stronger 

than at the surface (Figure 6).  On a typical spring, the flow 

was maximum at 20.27 m above bed at 2.85 m/s, whilst 

near the surface (29.27 m above bed) it was 2.66 m/s, 

suggesting the surface velocity is reduced by a factor of 

0.93.  A similar effect was evident on the ebb tide although 

the reduction was less, with a factor of 0.95.  The precise 

reason for this is unclear, however the implication is that 

(a) surface-based measurements may underestimate the 

velocity slightly and (b) both the log profile and the 1/nth 

power law profiles [14] may give inaccuracies if the surface 

layers are used to predict the velocities over the profile.  

 

The flood (northerly) current maximum was 

approximately in phase with high water at the nearby 

standard port of Milford Haven (Figure 7). This is 

consistent with the tide being a progressive wave at 

Ramsey. This is in agreement with previous modelling and 

analysis of the Irish Sea region [15].  

 

There was considerable variation in the measured 

current speed around the time of the maximum 

(Northerly) flow, suggesting large scale turbulence. This 

also makes identification of the timing and magnitude of 

the peak northerly flow awkward. This variability may 

emanate from either the line of rocks known as the 

‘Bitches’, or from an underwater feature called ‘Horse 

Rock’. Both of these features are to the South of the ADCP 

location. Cross-correlation indicated that the flow in 

Ramsey Sound led HW Milford Haven by 20 minutes 

(Figure 8).  

 

This is useful information for tidal device operators 

because times of HW Milford are published by the UK 

Admiralty and generally available, while the timing of the 

maximum flow speeds are not.  

The magnitude of the maximum flow speed (Umax) in the 

tide was reasonably predictable from the tide range at 

Milford (R),  revealing separate linear relationships for the 

flood and ebb (Figure 9).   

 

 

 
Fig. 5. Depth and flow velocity over a 2-week cycle.    

 
  

 
Fig. 6. Velocity profiles for a Spring tide. 

 
  

` 

Fig. 7. Velocity (red) and tidal elevation (blue).   

 
  

 

 
Fig. 8. Cross correlation between velocity and elevation.    
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Tidal asymmetry means that the flood and ebb velocities 

were of different magnitudes for the same tidal range. 

 

ADCP measurements allowed the duration of slow-

moving water to be identified for operation planning. 

Using a threshold of 0.75 m/s, it was found that spring 

tides gave a working window of less than 1 hr, while neap 

tides gave a window greater than 2 hrs. (Figure 10). 

 

 In order to plan operations, it is useful to be able to 

predict the time of slack water on site from the tide times 

at a standard port. At Ramsey, slack water occurred 

generally at tide heights of approximately mid water level. 

To give predictability, the duration between slack water in 

Ramsey Sound and HW Milford Haven was identified 

both for the flood tide and the ebb tide (Figure 11). 

 

When considering the flood tide, the slack water was 

generally ‘earlier’ before HW when the tidal range was 

larger. However, what is notable for operations is that 

during neap tides (small range), the slack water varied in 

time from 2.5 hrs to 3.5 hrs before HW. A similar trend was 

observed for the ebb slack, but the duration was more 

variable, taking 2.6 hrs to 4.4 hrs to settle to zero.  It is 

unclear exactly why there is this variability, however the 

implication for operations is that sufficient time has to be 

allowed in the timing of slack water. Slack water times 

may vary by an hour, and the time of slack is less 

predictable on neap tides than on springs.  

Operators on site reported across channel oscillations in 

velocity, making vessel positioning difficult during 

operations. Spectral analysis of the across-channel flows 

allows the frequency of such oscillations to be identified.   

The spectral analysis of the ADCP velocity time series are 

presented tentatively here, because the beam separation 

angle leads to uncertainty in the instantaneous velocity 

time series.   

The ADCP data was sampled at 1 Hz, and for this 

analysis was separated into runs of length 2048 points (34 

minutes).  Spectral analysis was applied to flood, slack and 

ebb tide data runs separately, following the approach of 

[16]. Each run was separated into four non-overlapping 

sections of 512 points, with 3 overlapping sections, giving 

a frequency resolution of 1.8 x 10-3 Hz up to the Nyquist 

frequency of 0.5 Hz. This results in 12.04 degrees of 

freedom. Lower and upper factors for the 95% confidence 

intervals on spectral peaks are therefore 0.5 and 2.7, 

respectively, following [17].  

The across channel flows (East-West) were analysed at 

the time of maximum northerly flow, maximum southerly 

flow, and at the turn of the current (slack water). The 

analysis revealed the largest variance on the northerly 

flow, indicative of turbulence at this time, and the least 

variance at slack water. There was some evidence of low 

frequency oscillations in the current at f = 0.015 Hz. This 

𝑈𝑚𝑎𝑥,𝑓𝑙𝑜𝑜𝑑 = 0.24𝑅 + 1.16 (1) 

𝑈𝑚𝑎𝑥,𝑒𝑏𝑏 = 0.16𝑅 + 0.84 (2) 

 
Fig. 9. Prediction of maximum flow rates from tide range.  

  

 
Figure 10: Identification of operation windows on Springs/Neaps.   

 
Fig. 11. Length of time between slack water (Ramsey Sound) and 

high water (Milford Haven) on the flood tide (top) and the ebb tide 

(bottom).     
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peak was largest during the northerly flow and remained 

at slack water (Figure 12).  

The period of these across-channel flow oscillations was 

approximately 68.9 s, which is roughly consistent with the 

observations of operators. It is possible that there is an 

across-channel standing wave at this frequency. Shallow 

water approximations in depth 30 m would suggest a 

wave speed of 17 m/s, and a wavelength of 1,183 m.  The 

ADCP and tidal energy device was located approximately 

300 m across the channel, where the channel width was 

approximately 1200 m.  The position of the ADCP would 

therefore correspond to a node in an across-channel 

standing wave (Figure 13), where across-channel velocity 

variations would be largest (Figure 14).  Oscillations 

would be less evident in the surface elevation. 

IV. DISCUSSION 

The measurements reported here give similar values of 

flow speed to those measured previously [6, 7]. The 

general phase relationship between the tidal elevation and 

the along-channel flow velocity in the sound indicates a 

progressive tidal wave locally in this region, sitting within 

the larger scale system indicated by [5], and modelled by 

[4].  A mid-depth maximum in flow speed identified here, 

consistent with previous measurements [9], particularly 

during peak flows on the flood tide. The fine lengthscales 

of turbulence of order 1-15 m identified by [9] are not 

investigated further here, however the data here supports 

the observation of a lower frequency across channel 

oscillation with a scale ~1 km not previously mentioned in 

the literature.  While prior work focusses largely on the 

power production potential from maximum flow speeds 

in the peak ebb and flood (e.g. [4]), the work here gives 

some focus to the slack tide window, due to the interest in 

this time for operations on site.   

Numerical models also have great potential for 

predicting regional flows near tidal energy devices (e.g. [8, 

10], and such models may be interrogated to obtain slack 

water periods. Further to this, ADCP deployment and data 

analysis offers the opportunity to gain insight into the 

variability of timing and duration of potential operation 

windows, and also for better understanding the dynamics 

of the site.  Variability in the flows may occur from a range 

of variable driving forces (such as wind, waves and 

barometric pressure) that are awkward to include in 

regional flow models in this context, because of the 

relatively short durations of prediction capability of 

weather systems compared to tidal flows.   

The low frequency oscillations in the flow were first 

reported by operators on site, making some vessel-based 

operations very challenging. While initial data analysis 

and an across channel resonance is suggested here, driving 

mechanisms including eddies and shear driven 

instabilities in the currents arising from the morphology 

are possible (e.g. [18]).  Further work is required to 

investigate the process in more detail.  

It is noted that in analysing the time series from the 

ADCP, the beam separation may lead to some uncertainty 

in the instantaneous values of current at any point.  For 

fine scale turbulence analysis, careful analysis of the data 

is required (e.g. [9]). Larger scale flow structures which are 

coherent across spatial scales much greater than the ADCP 

beam spacing are likely to be less sensitive to this issue.   

Operations and planning in light of sound 

understanding of hydrodynamics at tidal energy sites is 

critical for future economic success of the tidal energy 

sector [19]. The results shown here from an ADCP 

deployment in Ramsey Sound have demonstrated the 

capability to give useful tools for planning deployment, 

maintenance and recovery operations at the site, when 

used in conjunction with tide data from a local standard 

port.  The observations here illustrate some of the range of 

analyses that is possible, to help quantify some of the 

conditions on site for operators.   

Further investigation of Ramsey Sound data and data 

from other sites will help identify how the approaches and 

analyses used here may be applied to other sites. While 

 
Fig. 12. Spectral analysis of cross-channel flow oscillations    

  

 

 
Fig. 13. Normalised elevation in a standing wave.  

  
 

 
Fig. 14. Normalised velocity in a standing wave.  
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understanding the dynamics of such channels is of critical 

importance for planning, installation, maintenance, and 

recovery of large-scale installations, it is also important for 

smaller deployments to support isolated island 

community projects [20], where financial margins may be 

smaller. 

V. CONCLUSIONS 

Analysis of an ADCP data set from Ramsey Sound has 

shown that (i) the data set can be analysed specifically to 

inform operations planning and (ii) gives specific insight 

into new hydrodynamic features.  Results demonstrate 

that flow velocities exhibited clear asymmetry, with 

stronger flows on the northerly directed flood tide than on 

the ebb. Cross-correlation indicated that the flow speed in 

Ramsey Sound generally led the elevation at the local 

standard port of Milford Haven by 20 minutes.  At peak 

flow, the current strength in the mid water column was 

stronger than at the surface.  The maximum flow speed in 

the tide was reasonably predictable from the tide range at 

Milford Haven. An assumed working window, defined by 

a threshold when the current speed was < 0.75 m/s, 

indicated that there was a ~1 hr working window on 

spring tides, compared to ~2 hrs on the ebb.  The neap 

flood tide working window was the longest, due to tidal 

asymmetry. The time of slack water compared to HW 

indicated some variability, and could be up to an hour 

different for similar tide ranges. This variability was 

greatest for smaller tide ranges when 

recovery/deployment/maintenance operations would be 

most favourable.  Initial indications supported the 

observation of a low-frequency across-channel motion.  

  

ACKNOWLEDGEMENT 

The authors wish to thank Chloe Pickering (KML) for 

kindly contributing the image of the Sarah Grey. 

 

REFERENCES  

[1] Coles, D.S., Blunden, L.S., Bahaj, A.S., 2020. The energy yield 

potential of a large tidal stream turbine array in the Alderney 

Race, Phil. Trans. R. Soc. A, 378:20190502. 

[2] Black and Veatch, 2020. Lessons Learnt from Meygen Phase 1A. 

Final Summary Report. Report for BEIS. 30pp. 

[3] Harrold, M., Ouro, P., 2019. Rotor loading characteristics of a 

full-scale tidal turbine, Energies 12 (6). doi:10.3390/en12061035. 

[4] Horrillo-Caraballo, J.M., Yin, Y., Fairley, I., Karunarathna , H.,  

Masters, I., Reeve, D.E., 2021. A comprehensive study of the 

tides around the Welsh coastal waters.  Estuarine, Coastal and 

Shelf Science 245. DOI:10.1016/j.ecss.2021.107326. 

[5] Huntley, D.A., 1980. Tides on the north-west European 

continental shelf. In: Banner, F. T., Collins, M.B., Massie, K.S. 

(Eds.), The North-West European Shelf Seas: the Sea Bed and 

the Sea in Motion II. Physical and Chemical Oceanography, and 

Physical Resources, Elsevier Oceanography Series, vol. 24. 

Elsevier Scientific Publishing Company, Amsterdam, pp. 301–

351. Part B. 

[6] Evans, P.,  Mason-Jones, A., Wilson, C., Wooldridge, C.,  

O'Doherty, T., O'Doherty, D., 2015. Constraints on extractable 

power from energetic tidal straits. Renewable Energy, 81 (2015) 

707-722. DOI: 10.1016/j.renene.2015.03.085. 

[7] Fairley, I., Evans, P., Wooldridge, C., Willis, M., Masters, I., 

2013. Evaluation of tidal stream resource in a potential array 

area via direct Measurements. Renewable Energy 57 (2013) 70-

78. DOI: 10.1016/j.renene.2013.01.024. 

[8] Mackie, L.,  Evans, P.S.,   Harrold, M.J.,  O'Doherty, T., Piggott, 

M.D., Angeloudis, A., 2021. Modelling an energetic tidal strait: 

investigating implications of common numerical configuration 

choices. Applied Ocean Research 108 

doi.org/10.1016/j.apor.2020.102494. 

[9] Togneri, M., Masters, I., 2016. Micrositing variability and mean 

flow scaling for marine turbulence in Ramsey Sound. J. Ocean 

Eng. Mar. Energy 2:35–46. DOI 10.1007/s40722-015-0036-0.  

[10] Haverson, D., Bacon, J., Smith, H.C.M., Venugopal, V., Xiao, Q., 

2018. Modelling the hydrodynamic and morphological impacts 

of a tidal stream development in Ramsey Sound. Renewable 

Energy 126(2018) 876-887. 

[11] Tidal Energy Ltd, 2012. Tidal Stream Energy Demonstration 

Array St David’s Head Pembrokeshire Environmental Scoping 

Report. Online, Available: 

http://www.marineenergywales.co.uk/wp-

content/uploads/2018/05/TEL-St-Davids-Head-Scoping-Report-

Aug12.pdf 

[12] Harrold, M., Ouro, P., O’Doherty, T., 2020. Performance 

assessment of a tidal turbine using two flow references. 

Renewable Energy 153.  624-633. 

doi.org/10.1016/j.renene.2019.12.052. 

[13] Frost, C.H., Evans, P.S., Morris, C.E., Mason-Jones, A., 

O’Doherty, T., O’Doherty, D.M., 2014. The Effect of Axial Flow 

Misalignment on Tidal Turbine Performance. 1st International 

Conference on Renewable Energies OffshoreAt: Lisbon, 

Portugal. DOI: 10.13140/RG.2.1.1214.7688. 

[14] Soulsby, R.L., 1990. Tidal-current boundary layers.In: The Sea, 

Volume 9,Part A, Ocean Engineering Science, B. Le Mehaute 

and D.M. Hanes Eds, Wiley, New York, pp.523-566. 

[15] Ward, S., Robins, P., Lewis, M., Iglesias, G., Hashemi, M. R., 

Neill, S. (2018). Tidal stream resource characterisation in 

progressive versus standing wave systems. Applied Energy, 

220, 274-285. DOI: 10.1016/j.apenergy.2018.03.059. 

[16] Nuttal, A.H., 1971. Spectral estimation by means of overlapped 

FFT processing of windowed data. Naval Underwater Systems 

Center Report No. 4169, New London, CT, USA (and 

supplement NUSC TR-4169S). 

[17] Jenkins, G.M., Watts, D.G., 1968. Spectral analysis and its 

applications, Holden-Day, San Fransisco, CA, 525pp. 

[18] Oltman-Shay, J., Howd, P.A. and Birkemeier, W.A., 1989. Shear 

instabilities of the mean longshore current. 2. Field 

observations. Journal of Geophysical Research, 94, 18031- 

18042. 

[19] Coles, D.S., Angeloudis, A., Greaves, D., Hastie, G., Lewis, M., 

Mackie, L., McNaughton, J., Miles, J., Neill, S., Piggott, M., 

Risch, D., Scott, B., Sparling, C., Stallard, T., Thies, P., Walker, 

S., White, D., Willden, R., Williamson, B., 2021. A review of the 

UK and British Channel Islands practical tidal stream energy 

resource, Proc. R. Soc. A 20210469. 

https://doi.org/10.1098/rspa.2021.0469 

[20] Coles, D.S., Angeloudis, A., Goss, Z., Miles, J., 2021. Tidal 

stream vs. wind energy: The value of cyclic power when 

combined with short-term storage in hybrid systems, Energies, 

14:1106. 

 

  


