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Today…. 

Environmental effects of marine energy development 
Addressing information needs nationally and 
internationally: Tethys and Annex IV 

Information available on Tethys: a tour of the website 

Annex IV report: 
Marine animals and turbine blades 

Effect of noise on marine animals  

Removing energy from marine systems 

Future of Annex IV 
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Environmental Effects of Marine Energy 

Clear drivers for marine energy development 
BUT 
Stakeholders have concerns about potential 
impacts 
Regulatory/consenting processes are not 
well established 

 
RESULTING IN: 

Need for good information on potential 
effects 
Sharing of information broadly 

 
THIS 

Lead WWPTO to direct PNNL to develop 
Tethys (online knowledge management 
system) 
International community (lead by US) to 
develop Annex IV April 17, 2013 3 
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Annex IV – A Concept in Sharing Information 
and Analyses Internationally  

OES ExCo approved Annex IV in 2009 
Proposed by US; US Dept of Energy as Operating Agent 
Other US federal partners: BOEM, FERC, NOAA 
Seven Annex IV nations: US, New Zealand, Canada, Denmark, Spain, Ireland 
and South Korea  



Purpose of Annex IV Database 

Annex IV is designed to: 
“Facilitate efficient government oversight of ocean energy systems 
development by expanding our baseline knowledge of environmental 
effects and monitoring methods; 
“Ensure that existing information and data on environmental monitoring 
are more widely accessible to those in the industry; national, state, and 
regional governments; and the public; and    
“Facilitate knowledge and information transfer”.  

 
The Annex IV database, housed in Tethys provides the basis for 
bringing together information from international sources on: 

Monitoring results from deployed wave and tidal devices and arrays; 
Results of research studies in the field, laboratory, and modeling; and  
Provides a searchable, accessible, source of that information. 
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Home Page 

Tethys was created by 
PNNL to support DOE and 
OES programs 

Easily search the entire 
site for keywords 



Knowledge Base 

Alphabetically sort 
each column by 
clicking the header 

Apply keyword 
searches within the 
knowledge base 

Data export 
options available 

Filter items by 
selecting categories 
from these lists 



Knowledge Base 

Select multiple 
categories to 
specialize your search 



Document 

Download a PDF 
version of the report 

Automatically 
generated citation 



Map Viewer 

Similar search 
capabilities with 
filters and keywords 

Colored bubbles 
represent different 
media types 

Media available for the N. 
America, Europe, Africa, Asia, 
and Australia/New Zealand 



Map Viewer 



Map Viewer 



US Permitting Site 

Access to all documentation 
for this project via the link 
to the FERC website 



Connections 



Connections 



Connections 



Connections 



Annex IV Final Report 
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Content of the Report: 
 

Background on Annex 
Objectives, Case Studies 
Database description 
Data collection methods 
Three Case Studies: 

Interaction of Marine Animals with Turbine 
Blades 
Effects of Acoustic Output from Tidal and 
Wave Devices on Marine Animals 
Effects on Physical Systems  

 

 



Case Study Process 

• Objectives 
1. Collect data on the specific interaction from installed marine energy 

projects; 
2. Collect additional information from research studies in laboratories, in 

the field and from models;  
3. Evaluate information to determine what we know about the interaction; 

and  
4. Identify key gaps in data and studies.  

 
• Lines of Evidence 
• Conclusions of Analyses 
• Data Gaps and Research Needs 
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Lines of Evidence - Interaction of Marine 
Animals with Turbine Blades  
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Field Studies 
SeaGen observations of marine mammals in Strangford Lough, Northern Ireland 
(MCT) 
Observations of fish around a tidal turbine in Cobscook Bay, Maine, USA (ORPC)  
Fish passage through a hydrokinetic river turbine on the Mississippi River, USA  
(Hydro Green) 
Video observations of fish around a tidal turbine at the European Marine Energy 
Center, Scotland  (OpenHydro) 
Acoustic measurements of fish and birds around tidal turbines, New York, USA 
(Verdant) 

Laboratory Experiments 
Alden Lab flume studies 
Conte Lab open water flume studies 

Modeling encounters between Animals and Hydrokinetic Turbines   
Fish and Harbor Porpoise Encounter Model (SAMS) 
Estimating the consequences of encounter with a tidal turbine (PNNL/SNL) 
 
 

 
 



Conclusions: Interaction of Marine Animals 
with Turbine Blades 

21 

No evidence to date suggests 
direct interaction of marine 
mammals, birds, or fish with tidal 
turbine blades likely to be a 
significant problem. 

Attraction of animals to turbines 
could increase risk. 

Data collected from short 
deployments may not scale to 
large long term deployments.  

Monitoring around multi-turbine 
arrays needed 

 



Conclusions: Effects of Acoustic Output from 
Tidal and Wave Devices on Marine Animals 
 
CS#2 
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Field deployments need to 
measure ambient sound and 
propagation prior to deployment, to 
measure the sound of the device. 

Dose/response relationships 
needed to understand potential 
responses of animals.  

Have to determine if sound from 
multiple devices is additive or 
multiplicative  

Acoustic outputs and effects are 
needed for a range of devices, as 
well as the anchors, moorings, and 
foundations. 



Conclusions: Effects on Physical Systems 
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Great measurements challenges: 
Model validation 
Turbulence 
Effects from specific marine energy 
devices 
Coupling nearfield with farfield 
Cumulative effects 

Nearfield changes not likely at the 
small pilot but could occur at large 
scale. 
It is not known if a tipping point 
exists for farfield changes that might 
affect the overall waterbody;  
Need better measurements of 
turbulence and inflow to devices for 
estimating environmental changes. 



The Future of Annex IV 
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Input from experts’ workshop (Sept 2012) and from discussions with other 
nations = much remains to be done 
US committed to continuing effort 
Proposal going to OES ExCo in May to request additional 3 years 
Scope: 

Continued collection and analysis of project monitoring data and research 
information 
Push to create Tethys/Annex IV as a commons for collaboration for researchers, 
developers, regulators, stakeholders 
More direct hands-on participation by scientists in other nations 
Support for international conference on environmental effects of marine energy 
(like EIMR in Orkney April 2012) 

Hope to have more and more nations join the effort! 
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Thank you for your attention! 

mailto:andrea.copping@pnl.gov
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