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TLSB Note Fish Turbine Encounter Modelling Chapter 9 

Topic: Encounter model output, clarification Tables 2 and 3, Appendix 9.3 
 
1.0  Introduction 

1.0.1 This clarification note addresses Fish Turbine Encounter Modelling. It considers how the output 
of the encounter modelling was recorded and how sensitivity was explored as recorded in ES 
Appendix 9.3. In particular, some example output tables in Appendix 9.3 are explained in more 
detail.   

1.0.2 It should be noted that as stated at Section 4.0 Calibration Examples, the tables in Appendix 9.3 
were provided for illustrative purposes and did not form part of the final results that were 
presented in Chapter 9 of the Environmental Statement. In particular the table based on adult 
trout (Appendix 9.3, Table 3) was used to illustrate the section on salmon (Appendix 9.3, Table 
2) although the caption did not explain this.  Further clarification of the data in this table is 
provided in Section 2.4 of this clarification note. 

1.0.3 It is important to note that the results of the individual based model which were presented in 
Chapter 9 were only used to inform expert opinion about the likely environmental impact of the 
Project. It is, furthermore, important to note that the model explicitly targets (i.e. is used to 
resolve) uncertainty relating to the behavior and physiology of the fish in question, and the 
uncertainty in the physical environment. Thus the model will not deliver an absolute single 
prediction but rather a probabilistic based estimate of the likely impact with a high degree of 
predictive reliability nonetheless. In the model, as in reality, situations which have a very low 
probability of occurrence do sometimes occur, and so some single results may be difficult to 
understand in isolation. Since the model is targeted at capturing the uncertainty the final results 
are the product of many iterations of the model, taking account of unlikely outcomes as well as 
likely consequences. 

2.0 Encounter model results 
 
2.1 Summary of parameter setting 
 
2.1.1 The individual based model of fish tracks the journeys of 10,000 particles every 60 seconds for 

several days.  The model particles move as a result of a combination of powered swimming and 
the tidal currents. The object of the model is to see how many particles, representing individual 
fish, interact with the turbines and sluices in the proposed tidal lagoon. There is a set of 
parameters in the model which determine the final result, but how these influence the result 
precisely is not simple – otherwise the model would be unnecessary.  Some of these parameters 
are “unknown” in reality and so there is some “uncertainty” about their value, whilst others are 
known to be variable in reality.  In this context, certainty is relative and affected by the state of 
scientific knowledge.  For instance, swimming speed in any population of fish is variable, due to 
size differences in fish, but also due to condition of fish, including their immediate feeding 
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history, their immediate environmental situation, their longer term history of feeding and their 
environmental history.  So the model addresses and resolves uncertainty in fish swimming speed 
by giving each of the 10,000 fish in the model a different swimming speed drawn from the full 
range of potential swimming speeds for a given fish species.  Swimming speed is determined by 
two parameters: average and range.  These are included in the model as mean and standard 
deviation of a normal distribution of fish speeds.  They are expressed in body lengths per second 
and so the actual input is a mean length of fish, and a standard deviation of length in units of 
length (m).  

2.1.2 Other parameters are straight forwardly expressed in terms of a range only. For instance, the 
navigational parameter of directedness, also known as steadfastness, which relates to track 
tortuosity, sinuosity or ‘wigglyness’, is input as a single standard deviation value of randomly 
selected noise added at each step (the mean being no noise). Some parameters are selected 
from normal distributions, like speed explained above, while others are selected from uniform 
distributions – such as start time, or starting position within release zone.  

2.2 Main target results 

2.2.1 At each step of the encounter model the movement of each particle is examined to see if its 
movement has crossed over a turbine or a sluice, and in which direction. These primary results 
are recorded in a table of 10000 rows and 5 columns. The rows are one for each fish, the 
columns are number of crosses inward and outwards over the two banks of turbines assessed 
(east and west) and the number of crosses either way over the sluices1.  Other secondary results 
are recorded. The final positions of all the model fish are kept (interim positions are often 
discarded due to memory limitations), a sub-set of fish positions throughout their journeys can 
be kept. Any other information existent in the model at any step can be recorded and stored. 

2.3 Other explanatory results 

2.3.1 Other results can be drawn from the model derived directly from the above tables. For instance, 
the number of occasions when a single fish went through the turbines more than once, or if 
more fish went through the east turbines as opposed to the west. Other results can be taken 
from the final positions of all the fish, such as whether they ended in the lagoon or outside, or 
how far away from the river mouth did they get. Although the model resolves the relative 
numbers of fish going through the east versus west turbine banks and Table 3 shows these 
figures, this detail is not material to the assessment because by the time the fish have entered 
the draw zone of the turbines, under the model rules they must go through one bank or the 
other, therefore neither represents a preferable location. 

1 As described in clarification note TLSB 9-3, the arrangement of turbines and sluices proposed is now down-
selected to an arrangement of sixteen turbines and eight sluice gates.  As that note explains, this produces a more 
benign effect than the arrangement assessed and examined above. 
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2.4 Explanation of illustrative tables 

2.4.1 The following table was reproduced in Appendix 9.3 for illustrative purposes:  

Table 3. Results for adult trout for N=10,000 

 
 West 

Crosses 
Sluice 
Crosses 

East 
Crosses 

No. fish 
turbine 
encountering 
turbines 

1 turbine 
cross 

2 turbine 
crosses 

3 turbine 
crosses 

4 turbine 
crosses 

         
Spring1 881 530 165 621 273 291 39 17 
 873 489 175 625 275 298 34 15 
Spring2 639 328 73 427 193 198 24 9 
Spring3 1301 766 176 752 291 313 76 48 
Spring4 254 194 37 149 62 52 21 10 
Spring5 343 196 24 174 54 79 20 14 
Neap6 203 144 29 110 39 48 9 8 
Neap7 8 9 1 5 1 4 0 0 
 

1. Western approach Navstep 5, determination 0.2, speed 1.233 bl 
2. Western approach Navstep 4, determination 0.1, speed 1.5 bl 
3. Eastern approach, nav 4, det 0.2, 1.5 bl, route 05E 
4. Eastern approach, 4, 0.2, 1.5, route 05E 
5. Eastern approach, 4, 0.2, 1.5, route 06E 
6. Eastern approach 

 
Explanation for table columns 

2.4.2 West crosses: Total number of times that fish that went over the west bank of turbines in either 
direction. This is an addition of columns 1 and 2 (in and out) of the primary results table (as 
described in para 2.2.1). 

2.4.3 Sluice crosses and east crosses: are similar to west crosses above, with sluice crosses being the 
total number of times that fish went over the sluice gates in each direction, and east crosses, 
being the total number of times that fish went over the eastern turbines in each direction. 

2.4.4 Note: the total interaction with the turbines or sluices is an addition of all these numbers, say 
for the last row this would be 8 + 9 + 1 = 18 exclusive interactions. However, this may involve 
multiple crosses for single fish. In fact, this is as predicted by the model because most fish of this 
type (trail following) go in and come out each time.  

2.4.5 Number of fish encountering turbines: This is the number of fish that make at least one passage 
in or out of either bank of turbines, but does not include sluice passages. This is the number of 
all the rows in the primary results table (section 2.2.1) that have values over one, in either the 
in/out columns of either the east or west bank of turbines. 

2.4.6 1,2,3,4 turbine crosses: These columns record the number of multiple crosses by recording 
instances of multiple incoming crosses on both the turbine banks. (Number of rows with values 
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over 1, 2, 3 etc, in either of the incoming columns on the primary results table.) The last row in 
the table shows: there were 18 (8+9+1 from first three columns) crosses of anything, by 5 fish 
(4th column). Looking at the multiple turbine crosses, there was one instance of one cross (5th 
column) – so it is possible to conclude that one fish came in once through the turbine and left 
via the sluice. This leaves 4 fish that must all have entered through the turbines twice (8 of 9 
total turbine crosses) and left through the sluices twice (8 out of 9 total sluice crosses). 

Note 1. Cross checking multiple passes 
2.4.7 The information in this table cannot be cross checked by using the information within the table, 

and this is not the purpose of the table. For instance, the inward crosses were used to consider 
multiple turbine interactions to broadly capture the number of fish recirculating – in particular 
to see if these numbers tail off quickly or are maintained or even increased over time. The shape 
of the decay was the target of this analysis. The reason for this is not to cross check consistency 
– which was done elsewhere in the model and following processing of results.  

2.4.8 Most fish that went in to the lagoon came out again, so the number of inward crossings broadly 
captures the in/out process, but ‘out’ turbine passes would not show up in these multiple pass 
decay figures.  Since most fish that entered the lagoon exited the histogram of multiple passes 
had few frequencies above zero in the odd columns. This histogram was difficult to analyse 
visually as a decay process in a few columns, and would have been too complicated to include in 
the table.  This process was initially thought to be a potential impact, in that fish might be 
captured in a type of recirculating eddy and be unable to escape. In fact, the demonstration that 
this was not probable was one of the earliest benefits of using the model.  

2.4.9 It should be noted that negative figures record the difference between fish that were outside 
and inside the Lagoon after a model run. Most trail-following fish will begin outside the lagoon 
and leave the lagoon once they have entered. These numbers then show the number that 
entered but which have been unable to leave the lagoon during that model run. In all cases 
these were very low numbers, but they can be negative (for instance when an individual enters 
but does not leave). These data were crossed checked by calculation in two ways (position of 
particles and number of crosses over turbine/sluice). This analysis leads to one negative and one 
positive number which were very close in absolute value. For area usage based on species, these 
numbers were higher and provide some indication of whether there has been a net inflow or 
outflow from the lagoon (namely an inward or outward migration).   

Note 2 Difference between runs 
2.4.8 The difference between rows 4 and 5 is not evident within Appendix 9.3. The notes (3 and 4) are 

not different. The difference in this case relates to start period around the high and low tides. 
The particles started movement in a temporal window around either the high tide or the low 
tide. This window could be anywhere between 2 and 8 hours long. Many different start periods 
were tested. The worst plausible case (i.e. a reasonable worst case) was chosen in the final 
analysis. This table was used as an illustration of the process of exploration. 
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