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1 INTRODUCTION 

1.1.1.1 The fish encounter models for migrating fish, inward to the rivers within Swansea Bay, 

require the definition of olfactory trails. Olfactory trails are very approximate pathways fish 

are expected to follow from the Severn Estuary to the river mouth. Concerns have been 

raised that the original hydrodynamic models, used for the prediction of the olfactory 

trails, where not well enough resolved around the river mouths. Furthermore, the original 

models did not include any major riverine flows into the Bay.  

1.1.1.2 The reason why only minor river flows were included in the coastal processes modelling is 

that river flows are usually inconsequential at the appropriate scale. The volumes of water 

involved from rivers (in Swansea Bay) are a dimension less than those moved in tides. 

Nevertheless, with respect to olfactory trails, it was unknown if high river flows, and well 

resolved river entrances (especially related to the 500+ meter entrance walls of the Tawe) 

would impact the shape of the trails. If the olfactory trails become entrained in the lagoon, 

there is danger of a very severe risk from a strong exiting current containing a false trail. It 

is the present scientific opinion that adult salmon, for instance, are attracted to the mouth 

of their natal river by olfactory trails in the range of 20 km to 1 km away. Then, closer to 

entry, adults are assumed to respond to outbound river water flow conditions, flow 

patterns and relative salinity. The balance between these behavioural signals is unknown. 

The lagoon water is likely to have relatively high salinity; but strong currents containing 

olfactory signal may be attractive. In general it is thought that returning adult fish would be 

able to avoid the turbines and thus, in modelling a passive response to the currents, the 

model is predicting worst case. However, if fish were attracted toward the turbines, the 

entrainment could be much higher.  The aim of this briefing note is to present more 

detailed modelling on olfactory trails to answer the questions implied above. 

  



2 METHOD 

2.1.1.1 The results files for this study were for a small spatial area focused around Swansea Bay for 

a duration of 3 days over the spring tidal phase. The results files are a small subset of the 

overall hydrodynamic model which extends far out into the Irish Sea, the Celtic Sea and 

contains the entire Bristol Channel and Severn Estuary. Therefore there are no boundary 

conditions for these results sections (other than the termination at the boundary itself). 

The spatial resolution of this model was higher than the previous instantiation of this 

model used for the encounter modelling (Fig 1, and Fig 2). This model included the Tawe 

entrance walls as dry land. 

2.1.1.2 River flow was set constant to 10% exceedance values (accessed: 

http://www.ceh.ac.uk/data/nrfa/data/meanflow.html?59001) 

Tawe:  30 cumecs (m3 s-1) 

Neath:23 cumecs (m3 s-1) 

Afan: 12 cumecs (m3 s-1) 

2.1.1.3 The model was looped to run in a continuous way by selection of several reference points 

in the Bay and matching tidal state. Thus the model ran a continuous spring tidal phase 

indefinitely. This was appropriate because, in all cases, entrainment was most severe 

during this tidal phase and the model running time was limited to around 5 days. 

2.1.1.4 There were 10,000 passive drifting particles released from points close to where flows 

from the rivers dispersed through the model domain. For the Tawe this release point was 

within the harbour guidance walls, whereas for the Neath an appropriate point of release 

was further out into the bay. The model was operated for 5 days with 10,000 particles 

released continually. The releases were evenly distributed in time. Those particles which 

were beached or struck the domain boundaries were returned to the release point. 

Minimum water depth assumed dry was 10 cm. Time step was 60 s (10 s in the vertical). 

Particles were randomly distributed in the water column and neutrally buoyant.  

 

http://www.ceh.ac.uk/data/nrfa/data/meanflow.html?59001


 

Figure 1. Section of the hydrodynamic model grid around the proposed lagoon of the high 
resolution version of the coastal processes model. The mean approximate spatial resolution was 
63 m. Colour scale is depth in metres. Axis ticks are OSGB grid in meters. 



 

Figure 2. Section of the low resolution version of the coastal processes model. The mean 
approximate spatial resolution was 248 m. Colour scale is depth in metres. Axis ticks are OSGB grid 
in meters. 

  



3 RESULTS 

3.1 Videos 

3.1.1.1 Videos were produced of 4 scenarios. Table 1. Fig. 3 

 Scenario Video output file 

1 Tawe with proposed tidal lagoon in place HDTaweLagOlf.mp4 

2 Tawe without proposed tidal lagoon in place HDTaweBaseOlf.mp4 

3 Neath with proposed tidal lagoon in place HDSchemeNeathOutOlf.mp4 

4 Neath without proposed tidal lagoon in place HDBaseNeathOutOlf.mp4 

 

 

Figure 3. Still frame from video output. The black dots are passive drifters that have been released 
at the mouth of the Tawe (red dot) evenly distributed over 5 days of the model run. Colours 
represent depth. 



3.2 Dispersal kernel 

3.2.1.1 Particle positions every 5 minutes were recorded on a 100 x 100 square grid placed across 

the centre of the modelled area. The grid spacing was 100 m. This led to a maximum of 

14.4 million particle positions being registered in 5 days of the model run. This grid then 

represents a dispersal kernel which is a probability surface (formally only a probability 

surface when normalised to sum to unity). That is, the dispersal kernel value in a grid 

square is correlated to the probability that a single packet of substance released from the 

river mouth will be within that square element of the grid within any given 5 minute step 

over the 5 days of the model run. This therefore is the most complete 2D spatial 

representation of the olfactory dispersal surface, under the fundamental assumptions of 

the model. For ease of presentation it is usual to plot the logarithm of this surface (Figs. 4, 

5, 6, and 7). This is because the highest levels of the dispersal kernel are usually much 

higher than the majority and so the logarithmic conversion is designed to give much more 

relative prominence to very low values, while maintaining a smoothly increasing scale from 

the minimum to the maximum value. It is interesting that human, and it is assumed animal, 

sensory perception is often on a logarithmic scale. This is true of intensity and tone in the 

case of the aural sense for instance (consider the standard western musical scale). (Release 

from the Afan was tested, there was no interaction with the lagoon.) 



 

Figure 3. The Tawe existing olfactory trail. The olfactory trail as predicted by the log 
transformed numerical dispersal kernel (N=14.4 million) (grey scale) across a 100 m grid in the 
centre of the modelled zone. For reference of scale 1 to 11 on greyscale represents e1=2.7 to 
e11=59000 particle records in a 100 m x 100 m square element in any 5 minute period throughout 5 
days. The whiter colours relate to stronger olfactory stimuli. This pattern confirms the prediction 
that the existing olfactory trail leading to the Tawe exits Swansea Bay almost exclusively just to 
the south of the Mumbles (the point and two islands at mid left of this figure). All particles 
started from position of red dot, release evenly spread over the 5 day period. 



 

Figure 4. The Neath existing olfactory trail. The olfactory trail as predicted by the log 
transformed numerical dispersal kernel (N=14.4 million) (grey scale) across a 100 m grid in the 
centre of the modelled zone. For reference of scale 1 to 11 on greyscale represents e1=2.7 to 
e11=59000 particle records in a 100 m x 100 m square element in any 5 minute period throughout 5 
days. The lighter colours relate to stronger olfactory stimuli. This pattern confirms the prediction 
that the olfactory trail leading to the Neath exits Swansea Bay almost exclusively just to the south 
of the Mumbles (the point and two islands at mid left of this figure) in the same way as for the 
Tawe. However the trail has two arms closer to the release point, one which heads directly south 
west and the other which curls into the Bay to the north west before dissipating and joining the 
exit path. These are caused by the high and low tidal excursions of the particle stream. 



 

Figure 5. The Tawe predicted olfactory trail. The olfactory trail as predicted by the log 
transformed numerical dispersal kernel (N=14.4 million) (grey scale) across a 100 m grid in the 
centre of the modelled zone. For reference of scale 1 to 11 on greyscale represents e1=2.7 to 
e11=59000 particle records in a 100 m x 100 m square element in any 5 minute period throughout 5 
days. The lighter colours relate to stronger olfactory stimuli. The primary olfactory trails leading 
to the Neath exit Swansea Bay just to the south of the Mumbles (the point and two islands at 
mid left of this figure). A weaker trail is evident to the south east low water coastline. The 
strength of the olfactory signal in the lagoon is lower than any other area (with any signal), and 
the strength in the exit plume area directly left of the turbine gap in the wall of the lagoon is also 
correspondingly low because of this. The olfactory trail is strongest on the western wall. There 
are two main pathways at the exit to the Bay caused by particle positions at the tidal extremes. 



 

Figure 6. The Neath predicted olfactory trail. The olfactory trail as predicted by the log 
transformed numerical dispersal kernel (N=14.4 million) (grey scale) across a 100 m grid in the 
centre of the modelled zone. For reference of scale 1 to 11 on greyscale represents e1=2.7 to 
e11=59000 particle records in a 100 m x 100 m square element in any 5 minute period throughout 5 
days. The lighter colours relate to stronger olfactory stimuli. The primary olfactory trails leading 
to the Neath exit Swansea Bay just to the south of the Mumbles (the point and two islands at 
mid left of this figure). A weaker trail is evident to the south east. The strength of the olfactory 
signal in the lagoon is appreciably lower than any other area (in the Bay), and the strength in the 
exit plume area directly left of the turbine gap in the wall of the lagoon is also correspondingly 
low because of this. The olfactory trail is strongest on the eastern wall. There is a single main 
pathway at the exit to the Bay. 



4 DISCUSSION 

4.1.1.1 The results confirm that it is not likely that the lagoon will entrain water from the rivers to 

such an extent that the olfactory signal from the lagoon exit could overwhelm the signal 

from either river. The reason for this is that the turbines draw from the comparatively 

deep water toward the exit of the Bay, and the pattern of holding and release, out of 

phase with the tides, means that particles near the walls are flushed from potential 

entering positions before the turbines begin to draw.  

4.1.1.2 The trail patterns will be altered by the proposed lagoon. The strongest pathways appear 

to be approximately unchanged, but there will be weak additional paths, and the general 

concentration of the signal on the main path will be diminished. The relative importance of 

strength of signal in comparison to path pattern is unknown. However, considering it is 

thought that these signals are sensed up to 50 km away from natal rivers, in less tidally 

energetic areas, it is likely that the fish can determine very small differences in 

concentration of these cues and thus signal strength may not be a primary determinant at 

these ranges (15-10 km). 

4.1.1.3 The model of olfactory trails could be improved by a knowledge of what chemical is 

employed by the fish for this purpose. There may be several types of chemical cue or a 

combination, and there may also be a process of re-enforcement by fish following the trails 

of conspecifics and fellow travellers to their natal rivers (this is known to be the case for 

lamprey for instance). Since the composition of the signal is unknown, so are the decay 

characteristics in water and other factors such as buoyancy and reactivity to temperature, 

sunlight, salinity and any other environmental factors. These are all usually also highly 

dependent on turbulence and mixing forces, and thus the impact of the intense and 

unusual turbulence at the turbines may have a positive or negative effect on signal 

strength in the immediate vicinity of the turbines.  



4.1.1.4 The behaviour of fish with respect to plume following an olfactory trail is little understood. 

The positioning and movement behaviour of fish may lead to them sensing an olfactory 

path in a different way to that which is modelled. For instance if a fish was led to its natal 

river by orientation with respect to sediment emerging from the river, the patterns of 

disposition of sediment on the bed may be more indicative of olfactory trail than free 

moving buoyant particles. Sediment deposition is more dependent on a non-linear 

(threshold dominated) process. Fish may also orientate themselves passively to an 

olfactory plume by holding a position in an outgoing tide (there is little evidence for this in 

adult salmon or trout but this may well be the case for juvenile eels which are known to 

swim to the bed on each outgoing tide) 
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