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Abstract 

In this report we describe 1) the expansion of the PNNL hydrodynamic model domain to include the 
continental shelf along the coasts of Washington, Oregon, and Vancouver Island and model refinement in 
neashore regions; and 2) the approach and progress in developing the online/Internet disseminations of 
model results and outreach efforts in support of the Puget Sound Operational Forecast System (PS-OPF).  
Submittal of this report completes the work on Task 2.1.2, Effects of Physical Systems, Subtask 2.1.2.1, 
Hydrodynamics, for fiscal year 2010 of the Environmental Effects of Marine and Hydrokinetic Energy 
project. 
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Project Overview 

Energy generated from the world’s oceans and rivers offers the potential to make substantial 
contributions to the domestic and global renewable energy supply.  The U.S. Department of Energy 
(DOE) Office of Energy Efficiency and Renewable Energy (EERE) Wind and Water Power Program 
supports the emerging marine and hydrokinetic (MHK) energy industry.  As an emerging industry, MHK 
project developers face challenges with siting, permitting, construction, and operation of pilot- and 
commercial-scale facilities, as well as the need to develop robust technologies, secure financing, and gain 
public acceptance.   

In many cases, little is known about the potential effects of MHK energy generation on the aquatic 
environment from a small number of devices or a large-scale commercial array.  Nor do we understand 
potential effects that may occur after years or decades of operation.  This lack of knowledge affects the 
solvency of the industry, the actions of regulatory agencies, the opinions and concerns of stakeholder 
groups, and the commitment of energy project developers and investors.   

To unravel and address the complexity of environmental issues associated with MHK energy, Pacific 
Northwest National Laboratory (PNNL) is developing a program of research and development that draws 
on the knowledge of the industry, regulators, and stakeholders and builds on investments made by the 
EERE Wind and Water Power Program.  The PNNL program of research and development—together 
with complementary efforts of other national laboratories, national marine renewable energy centers, 
universities, and industry—supports DOE’s market acceleration activities through focused research and 
development on environmental effects and siting issues.  Research areas addressed include  

• categorizing and evaluating effects of stressors – Information on the environmental risks from 
MHK devices, including data obtained from in situ testing and laboratory experiments (see other tasks 
below) will be compiled in a knowledge management system known as Tethys to facilitate the 
creation, annotation, and exchange of information on environmental effects of MHK technologies.  
Tethys will support the Environmental Risk Evaluation System (ERES) that can be used by 
developers, regulators, and other stakeholders to assess relative risks associated with MHK 
technologies, site characteristics, waterbody characteristics, and receptors (i.e., habitat, marine 
mammals, and fish).  Development of Tethys and the ERES will require focused input from various 
stakeholders to ensure accuracy and alignment with other needs. 

• effects on physical systems – Computational numerical modeling will be used to understand the 
effects of energy removal on water bodies from the short- and long-term operation of MHK devices 
and arrays.  Initially, PNNL’s three-dimensional coastal circulation and transport model of Puget 
Sound will be adapted to test and optimize simulated tidal technologies that resemble those currently 
in proposal, laboratory trial, or pilot study test stages.  This task includes assessing changes to the 
physical environment (currents, waves, sediments, and water quality) and the potential effects of 
these changes on the aquatic food webs) resulting from operation of MHK devices at both pilot- and 
commercial-scale in river and ocean settings.   

• effects on aquatic organisms – Testing protocols and laboratory exposure experiments will be 
developed and implemented to evaluate the potential for adverse effects from operation of MHK 
devices in the aquatic environment.  Initial studies will focus on electromagnetic field effects, noise 
associated with construction and operation of MHK devices, and assessment of the potential risk of 
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physical interaction of aquatic organisms with devices.  A variety of fish species and invertebrates 
will be used as test animals, chosen due to their proximity to and potential susceptibility to MHK 
devices. 

• permitting and planning – Structured stakeholder communication and outreach activities will 
provide critical information to the project team to support execution of other project tasks.  Input from 
MHK technology and project developers, regulators and natural resource management agencies, 
environmental groups, and other stakeholder groups will be used to develop the user interface of 
Tethys, populate the database, define the risk attributes of the ERES, and communicate results of 
numerical modeling and laboratory studies of exposure of test animals to MHK stressors.  This task 
will also include activities to promote consideration of renewable ocean energy in national and local 
Coastal and Marine Spatial Planning activities.   

 The team for the Environmental Effects of MHK Energy development project is made up of staff, 
faculty, and students from 

• Pacific Northwest National Laboratory 

o Marine Sciences Laboratory (Sequim and Seattle, Washington) 

o Risk and Decision Sciences (Richland, Washington) 

o Knowledge Systems (Richland, Washington) 

• Oak Ridge National Laboratory (Oak Ridge, Tennessee) 

• Sandia National Laboratories (Albuquerque, New Mexico; Carlsbad, California) 

• Oregon State University, Northwest National Marine Renewable Energy Center (Newport, Oregon) 

• University of Washington, Northwest National Marine Renewable Energy Center (Seattle, 
Washington) 

• Pacific Energy Ventures (Portland, Oregon). 
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Acronyms and Abbreviations 

ADCIRC Advanced Circulation (model) 
DOE U.S. Department of Energy 
EERE DOE Office of Energy Efficiency and Renewable Energy 
ERES Environmental Risk Evaluation System 
FVCOM Finite Volume Coastal Ocean Model 
MHK marine and hydrokinetic 
NAM-WRF North American Mesoscale – Weather Research and Forecasting (model) 
NCEP National Centers for Environmental Protection 
NCOM Navy Coastal Ocean Model 
NOAA National Oceanic and Atmospheric Administration 
NOS National Ocean Service 
NRL Naval Research Laboratory 
NWS National Weather Service 
PS-CTM Puget Sound Circulation and Transport Model 
PNNL Pacific Northwest National Laboratory 
PS-OFS Puget Sound Operational Forecast System 
USGS U.S. Geological Survey 
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1.0 Introduction 

The task described in this report included two components:  1) expansion of the Puget Sound 
Operational Forecast System (PS-OPF) model domain to include the continental shelf along the coasts of 
Washington, Oregon, and Vancouver Island and 2) online/Internet disseminations of model results and 
outreach efforts, including continued development of the PS-OPF.   The modeling effort and results of the 
dissemination subtask are summarized in the following sections. 
 

2.0 Expansion of the Model Domain  

To consider the effects of tidal energy propagating from the open ocean and upwelling, the existing 
Puget Sound model developed based on the Finite Volume Coastal Ocean Model (FVCOM) needed to be 
extended further out to the continental shelf.  The hydrodynamic model of the Salish Sea was expanded to 
the continental shelf with inclusion of the coasts of Vancouver Island, Washington and Oregon.  A new 
model grid with coverage of the northeastern Pacific Ocean was constructed using the University of 
Washington digital elevation model data as well as bathymetry data obtained from the National Oceanic 
and Atmospheric Administration (NOAA) (Figure 1).  The model is driven by eight major tidal 
harmonics extracted from the Advanced Circulation (ADCIRC) model tide predictions in the Pacific 
Ocean.   

The modeling effort also included refinement of nearshore regions and improvement of temperature 
simulation.  Key regions such as Bellingham Bay and the Nisqually Estuary have been further refined in 
the updated model to better simulate the nearshore process in those important estuaries and bays.  
Examples of tidal elevations at the southern and northern open boundaries are shown in Figure 2.  Model 
runs were conducted to simulate tidal propagation along the Pacific Northwest coast and in Puget Sound.  
Time series plots of tidal elevations at the entrances to the Strait of Juan de Fuca, Admiralty Inlet, and 
Seattle harbor are shown in Figure 3.  Water surface contours at high tide (with respect to Seattle) and low 
tide are presented in Figure 4.  Velocity contours/vectors at flood tide and ebb tide are shown in Figure 5. 

 

3.0 Online/Internet Dissemination of  
Model Results and Outreach 

This component was completed and model results were presented to the 11th International 
Conference of Estuarine and Coastal Modeling (ECM11) in November 2009 in Seattle, Washington.  The 
model now contains new components such as a linkage of hydrodynamic solution files to NOAA’s oil 
spill trajectory model GNOME and real-time model validation to NOAA’s Physical Oceanographic Real-
Time System (PORTS) datasets.  A peer-reviewed paper was accepted for publication in the conference 
proceedings.1

                                                      
1 Yang Z, T Khangaonkar, J Chase, and T Wang.  Puget Sound Operational Forecast System - A Real-time 
Predictive Tool for Marine Resource Management and Emergency Responses.  Tobe published by the American 
Society of Civil Engineers in the proceedings for the 11th International Conference on Estuarine and Coastal 
Modeling. 

  A copy of the paper is provided in Appendix A.  This subtask also included continued 
development of the PS-OFS, such as using NOAA Nation Centers for Environmental Protection (NCEP) 



 

2 

meteorological outputs to drive sea temperate simulation in PS-OFS. A peer-reviewed manuscript 
describing this work was submitted for publication in the International Journal of Ocean and Climate 
Systems.2

 

   Appendix B provides a copy of the manuscript submitted for review.  The architecture of the 
PS-OFS is shown in Figure 6. 

Figure 1. Model Grid and Bathymetry 

                                                      
2 Yang Z, T Khangaonkar, and T Wang.  Use of advanced meteorological model output for coastal ocean modeling 
in Puget Sound.  International Journal of Ocean and Climate Systems; in review. 
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Figure 2. Tidal Boundary Conditions 

 

 

Figure 3. Predicted Tidal Elevations in Puget Sound 
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Figure 4. Tidal Elevations at Low Tide (Left Panel) and High Tide (Right Panel) with Respect to 

South Sound 

 
 

 
Figure 5. Tidal Currents at Ebb Tide (Left Panel) and Flood Tide (Right Panel) in the Salish Sea and 

Northwest Coast 
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Figure 6. Architecture of the Puget Sound Operational Forecast System 
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