
 

 

 

 

 

Title: Swansea Tidal Lagoon: Water 

Velocities through the Turbines and the 

Extent of the fish ‘draw zone’ 

 

Technical Note 
Document No. 580N0402 

Date: 16/09/14 

Prepared by: Dr Andy Turnpenny 

  



                                                   Turnpenny Horsfield Associates  

2 | P a g e  

 

1 Introduction 
Angling bodies have enquired about the extent of the ‘draw zone’ for fish in proximity to the 

turbines (see email from Phil Jones, dated 14 July 2014). The term 'draw zone' refers to the 

velocity contour that constitutes a point of no return, so that fish crossing it are unlikely to 

have the swimming power to swim away from the turbines, resulting in them being drawn 

involuntarily through the turbines. 

This aspect has been considered in relation to the potential use of acoustic fish deterrents 

("AFDs") as a mitigation (which may not be required in any event). AFDs can only be 

effective if the fish receive a loud enough acoustic stimulus to deter them at a point where 

they are still able to swim away. A summary is given below. 

The velocities through the turbines are also of interest to the angling bodies in relation to the 

possibility of fish being attracted to the turbines due to the flow emitted and then being able 

to pass through the turbines by swimming against the turbine flow.   TLSB has commented 

that the attraction flow is not considered to be an issue as fish would not be able to ascend 

the high velocities present at the actual turbines. This is discussed further below.  

2 Fish swimming ability 
Table 1 lists swimming speeds for herring (clupeids), bass and salmonids, at illustrative sizes. 

On this basis the ‘draw zone’ would be defined as the area within the 110 cm/s (1.1m/s) 

velocity contour, as the sizes of fish shown (and larger) would be able to escape provided 

they did not enter this zone.  The swimming data are taken from published studies. 

 

 

Table 1 Swimming speeds of fish  

 

Temp C L (cm) 

Maximum Swimming 

Speed (cm/s) 

Maximum Swimming 

Speed (ms-1) 

Clupeids* 12 25 112 1.12 

 
18 25 136 1.36 

Bass* 12 25 111 1.11 

 
18 25 145 1.45 

Salmonid** 12 12 110 1.1 

Salmonid*** 12 40 240 2.4 

Salmonid*** 12 75 450 4.5 

*Environment Agency, 2005  

**Peake & McInley, 1998, in EA 2005 

*** Solomon, 1988 
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3 Draw Zone 

The ABPmer hydraulic model, used in the fish behaviour models, gives the flow conditions 

throughout Swansea bay and in the vicinity of the turbines. The period of interest is at the 

maximum flow on flood tide generation, when flow passes from outside the Lagoon to inside. 

Figure 1 gives velocity contours as shades of colour, the ‘hotter’ colours showing higher 

velocity values. From this it is seen that the 1.1m/s contour or “draw zone” extends out to 20-

30m from the turbine house (the exact position within this range will shift according to 

prevailing weather and tidal conditions). 

 

Figure 1  Velocity field plot of Swansea Bay tidal turbines operating at maximum inflow 

during flood cycle generation (ABPmer model) 

4 Acoustic Fish Deterrents 

Therefore, for AFDs to be effective, the fish must receive a loud enough acoustic stimulus to 

deter them before entering the “draw zone” 20-30m in front of the turbine entrances in 

order to allow them to be able to swim away. Preliminary modelling of the AFD systems will 

be undertaken prior to implementation to refine the design as identified in the AEMP, Table 

8.1. 

  

Velocity Fields

1.1 m/s

1.1 m/s line is within 20-30 m of turbine entrances 
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5 Velocities at the turbines 

Within the turbines themselves (and therefore inside the turbine/sluice gate housing 

structure) the velocity reaches a maximum at the turbine runner, which ranges between 

around 8.2-12.3 ms-1 (Table 2). Based on the swimming speeds presented in Table 1 (1.1 - 4.5 

m/s), no fish will be able to ascend these high velocities. As such, concerns in relation to fish 

being attracted to, and swimming through, the turbines are not considered to be an issue.   

The thesis tested was whether the flows from the turbines would mimic the attraction of a 

river in spate and thereby attract fish to the turbines, thereby causing them to be entrained 

in the turbines.  However, the flow rates at the turbines are shown to be higher than the 

swim speeds of key receptors, meaning that they could not be entrained in this way. 

 
Table 2 Axial water velocities at turbine house entrance and in runner section 

at maximum and minimum generating flows. 

Parameter Turbine Flow ms-1 Velocity at Runner 

ms-1 

Velocity  at Seaward 

Opening ms-1 

Min flow 280 8.16 1.63 

Max flow 472 12.31 2.46 

 

Between the turbine runner and the inlet and out points of the turbine and sluice gate 

housing there is a gradual widening and deepening of the water galleries. This gives an 

overall approximately fivefold increase in wetted cross-section (, reducing entrance and exit 

velocities to 1.6-2.5 ms-1. As explained in section 3 of this note, this reduces with distance 

from the turbine sluice gate house itself. 
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