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AIM:  

Demonstrate the ability to numerically model the 

change in ambient hydrodynamics resulting from the 

installation of wave and tidal device arrays and couple 

the models to associated ecological models. 
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• Whilst there are numerous numerical modelling 

approaches simulating MECs, there is no information 

how model specific the output of the results are. 

 

• Each modelling package uses different numerical 

approaches to solve shallow water equations. 

 

• Differences also in model setup: Grid resolution, 

geographical extent and time scale. 

 

THE COMPARISON OF TIDAL TURBINE IMPLEMENTATION  

IN TWO NUMERICAL MODELS  
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USED TWO MODELLING PACKAGES: 

 

• MIKE 21 – Commercially widely used 

 

 

• Fluidity - Novel open source code 

 

 

MIKE21: Part of an integrated suite of modelling tools: 

               Particle tracking 

               EcoLab 

               Spectral waves 

 

Fluidity: Developing rapidly 

              Mesh adaptivity 
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No turbine: Solutions of the two models were very similar 

With turbine: Some difference in local velocities but minor 
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SIGNIFICANCE OF RESULTS 

 

• Any numerical model developed can be exploited for 

their strengths at the appropriate scales (grid 

resolution and computational cost)  

 

• Knowledge that results are not model specific 

 

• Working this up into a benchmark for model 

comparison and validation. 
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SPECTRAL WAVE MODELLING  

 

 
SW model has been validated and can be used to investigate 

effects of array layout and damping levels on the wave field. 
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IMPACTS OF TIDAL ARRAYS ON LARGE SCALE 

DISPERSAL PROCESSES  

Larval dispersal 

Modiolus sp. larvae by: Jose Farinas Franco 

Plankton 

Life history: Most organisms spend part/all of their life in 

the water column. 
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Question:  

How will tidal arrays influence dispersal processes? 

Method: 

 

• Using generic model domain 

• Implemented turbine arrays (1, 5, 55) 

• Comparing two approaches of larval dispersal modelling 

 

 1. Eularian transport in EcoLab implemented as a 

              conserved tracer 

 

 2. Particles 

 

• Run is 30 days, a  realistic time frame of many larvae before 

settlement and includes two neaps and springs.  
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PRELIMINARY RESULTS 

• In areas where 95% of the mass accumulated (first 1/3 of 

the basin), we observed a maximum 2% change between 

simulations (control vs. turbines).  

 

• A one time-step lag was evident (5 minutes) between 

simulations (control vs. turbines).  

 

• A spatial difference in concentration in the basin (north vs. 

south) is evident due to turbine placement in the Narrows. 
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SENSITIVITY MAPPING OF NURSERY GROUNDS OF 

IMPORTANT FISH SPECIES IN THE UK WATERS 

Map potential array locations in relation to important fish & 

shellfish habitats (spawning, nursery and feeding grounds) 

and migration routes and identify potential conflicts 
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• Spawning areas for most fish species are largely located off-shore 

 

• MEC arrays located in shallow waters and close to shore will overlap 

with spawning areas to only a minor extent 

 

• Some overlap between spawning areas and MEC arrays located further 

off shore  

 

However 

 

• The relative spatial scales of spawning and nursery areas compared 

with the areas suitable for Marine Energy extraction would indicate 

there may be little impact at a European shelf-sea scale.  

 

• Further work will be undertaken to understand and attempt to resolve 

issues at the smaller, specific fish stock, scale. 

MAJOR FINDINGS 
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FUTURE DIRECTION 

• Implement existing ecological descriptions e.g. NZPD model (nutrient, 

zooplankton, phytoplankton, detritus) – compare these between Fluidity and 

MIKE21 

 

• Extend ecological models to include macroalgae and other functional groups 

e.g. ERSEM 

 

• Use these existing approaches in an end to end life cycle model coupled with 

hydrodynamic models for higher trophic groups  

Spawning 

Plankton Adults 

Case studies Pentland Firth: 

 

Edible crab - Cancer pagurus (Shellfish) 

Herring - Clupea harengus (Pelagic species) 

Atlantic Salmon - Salmo salar (Migratory species) 



HIGHLIGHTS 
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Using Fluidity or MIKE we can model the changes in the 

hydrodynamic flow-field resulting from the deployment 

of MEC arrays and know that results will be cross 

comparable 

 

Have modelled realistic changes in the wave energy 

field due to WECS  

 

In areas where 95% of the mass accumulated (first 1/3 

of the basin), we observed a maximum 2% change 

between simulations (control vs. turbines).  

 

Close inshore MECs will overlap with spawning areas to 

only a minor extent 


