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SNL Vision: Environmental Thrust Area

m Help stakeholders overcome environmental and regulatory
challenges through technical innovation and outreach.

- Develop MHK-Specific tools to accurately characterize the influence of
MHK-Devices on the environment.

- Use the tools to design environmentally friendly MHK developments,
allaying environmental concerns and accelerating the permitting process.

- Transfer technology to promote environmentally responsibly power
generation and be stewards of the next generation of clean energy.

- SNL key areas of work:
+ CEC marine mammal interaction analysis
+ Physical environmental effects of WEC arrays
+ Physical environmental effects of CEC arrays
+ CEC acoustic signature predictions




Environment Technology Sustainability

Integral Consulting Inc.

e Multidisciplinary science and engineering consulting

» Practice areas focused in supporting Marine Renewable
Energy

— Development and application of innovative technology and modeling
tools

— Perform environmental and ecosystem risk assessments



MHK Effects: Physical System

m What is the ‘Physical System’? m Key Questions:
- Water body - How is the physical environment
. Seabed changed by MHK installations?

m Potential Physical Effects Include + Are the changes significant and cause
h in fl for concern?

e g - Can mitigation strategies be effective?
- Changes in water quality

- Changes in sediment dynamics




MHK Effects: Physical System

Known Knowns
Known Unknowns

Issues studied to date:
* Numerical Simulations of
the physical effects due to

Unknown Unknowns

Issues that are unknown:

MHK Arrays Issues that need to » Salinity and temperature
» WEC site-specific effects on be studied: e e o i
waves and currents and « Feedback to - Effects on Birds and
subsequent seabed Regional Ecology other non-aquatic
changes « Habitat impacts species
» CEC alteration of currents, |
sediment dynamics, and e B
water quality in tidal and Impact/Cost:
riverine systems « Effects on far-field
Not as Important: E:?r%ll(jlr;?ilon
» Small numbers of devices seabed ar’ld water
deployed in most quality ’

environments




Conduct a Complete Assessment

Recommend a two tiered
approach for site physical
evaluations

The first tier develops an
overall conceptual site model
based on available
information

The second tier outlines more
detailed collection and
analysis of site information

Define CSM boundaries (littoral cell(s))

Define the relevant physical processes (wind, waves, currents)
Define the planned wind farm design parameters (size, number)
Define the scour and sediment mobility potential
Define the environmental parameters to evaluate (sediment
transport patterns, ecology, water quality)

Assemble existing site-specific data
Define objectives of the CSM

Does Tier 1
analysis
sufficiently
address objectives
with an acceptable
level of
uncertainty?

NO

Site Analysis [Tier 2 Analysis]
Collect additional bathymetric /topographic data
Collect additional hydrodynamic data (waves, currents)
Collect additional sediment characterization data (grain size,
cohesive /fnon-cohesive)
Collect additional site-specific terrestiial and marine development
data (coastline development)
Construct and operate mumerical and physical models
Evaluate data and model results

i e e e e e k. o I ]

Complete a thorough
\




Physical Risk Matrix

- Probability Impact
- Insiginificant Minor Moderate Major Catastrophic
(well within the [(small disruption (sustained (impacts that (Full loss of
normal phyisical in alteration severely MHK, local
dynamics) localphysicalpro requring damage environment is
cesses, but little continuous environment or irrepairably
damage) mitigation or | cause failure of damaged)
remediation) the system)
| Certain (> 90%)

' Likely (50% to 90%)

| Moderate (10% to 50%)

|
' Rare (<10%)




Physical Assessment Tools

MetOcean data:
m Geophysical Surveys

m Wave and Current
Measurement

m Wind Measurement

Geotechnical data:

m Physical Core Data

m Sediment Erosion Rates

m SPlI Camera

m Other Seabed Parameters

Modeling Tools:

m Wave and circulation
m High-fidelity CFD

m Sediment Transport m—
m Water Quality




Summary of Findings

Numerical evaluations have been performed for both Current Energy
Converters (CEC) and Wave Energy Converters (WEC)

* Overall Findings

— Small arrays (~10) of CEC/WEC devices have minimal effect on
the physical environment — SITE SPECIFIC

— As array size increases, effects increase and require further
study

* Current Energy Converters

— Small arrays have localized effects on ‘potential’ benthic habitat
and water column with minimal effect far-field

* Wave Energy Converters

— Small offshore arrays (~10) have minimal near-field effects and
minimal potential for affecting far-field transport patterns
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Wave Energy Converters

Previous Studies

JTETHYS

Title: Modeling Analysis of the Sensitivity of
Shoreline Change to a Wave Farm
Authors: Millar, D., Smith, H., Reeve, D.

Change of shoreline wave climate caused
by the installation of a wave farm is
assessed using the SWAN wave model. At
probable wave energy transmission
levels, the predicted change in
shoreline wave climate is small.
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Name: Coastal defense using wave farms:
The role of farm-to-coast distance
Researcher: J. Abanades®, D. Greaves, G.

lglesias

The location of a wave farm and, in
particular, its distance to the coast is one of
the key aspects in a wave energy project.
The results show that a wave farm
closest to the beach offers the highest
degree of coastal protection (up to 20%
of beach erosion reduction).

Title:Sediment Transport Study
Authors:0zkan-Haller, H., Allan, J., Barth,

J.,Haller, M., Holman, R., Ruggiero, P.

Baseline observations and modeling at the
proposed wave energy conversion (WEC)
array site near Reedsport, OR are recorded
Report includes beach and shoreline
morphodynamics, direct survey as well as
video observations of the submerged
bathymetry, wave modeling, and in-situ and
radar observations of the waves.



http://tethys.pnnl.gov/author/ozkan-haller-h
http://tethys.pnnl.gov/author/allan-j
http://tethys.pnnl.gov/author/barth-j
http://tethys.pnnl.gov/author/barth-j
http://tethys.pnnl.gov/author/haller-m
http://tethys.pnnl.gov/author/holman-r
http://tethys.pnnl.gov/author/ruggiero-p-0
http://tethys.pnnl.gov/author/millar-d
http://tethys.pnnl.gov/author/millar-d
http://tethys.pnnl.gov/author/smith-h-0
http://tethys.pnnl.gov/author/reeve-d-1
http://tethys.pnnl.gov/author/reeve-d-1

Previous Studies

Current Energy Converters

Title: Tidal resource extraction in the
Pentland Firth, UK: Potential impacts on flow
regime and sediment transport in the Inner
Sound of Stroma

Authors: Martin-Short, R., Hill, J., Kramer,
S.,Avdis, A., Allison, P., Piggott, M.

A numerical model is used to conduct a
series of simulations to investigate changes
due to the presence of tidal turbine arrays. It
is found that arrays in excess of 85
turbines have the potential to affect bed
shear stress distributions.

JTETHYS

Title: Modeling the Far Field Hydro-
Environmental Impacts of Tidal Farms - A Focus
on Tidal Regime, Intertidal Zones and Flushing
Authors: Nash, S., O'Brien, N., Olbert,

A. Hartnett, M.

2-D Numerical modeling of Shannon Esturary
to predict changes in the tidal regime and
flushing characteristics. Water levels and
Flushing parameters were shown to be
altered and varied with rotor spacing.
Inundation and increased residence times
were identified, which could change habitat
and pollutant transport in the region.
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Title: Impact of Tidal-Stream Arrays in Relation to the Natural Variability
of Sedimentary Processes
Authors: Robins, P., Neill, S., Lewis, M.

At a site in the Irish Sea we collect measurements of sediment type
and bathymetry, apply a high resolution unstructured
morphodynamic model, and a spectral wave model in order to
quantify natural variability due to tidal and wave conditions. We then
simulate the impacts of tidal-stream energy extraction using the
morphodynamic model. Our results suggest that the sedimentary
impacts of ‘first generation’ TEC arrays (i.e. less than 50 MW),
at this site, are within the bounds of natural variability and are,
therefore, not considered detrimental to the local environment.



http://tethys.pnnl.gov/author/nash-s
http://tethys.pnnl.gov/author/obrien-n
http://tethys.pnnl.gov/author/olbert
http://tethys.pnnl.gov/author/olbert
http://tethys.pnnl.gov/author/hartnett-m
http://tethys.pnnl.gov/author/martin-short-r
http://tethys.pnnl.gov/author/martin-short-r
http://tethys.pnnl.gov/author/martin-short-r
http://tethys.pnnl.gov/author/martin-short-r
http://tethys.pnnl.gov/author/hill-j
http://tethys.pnnl.gov/author/kramer-s
http://tethys.pnnl.gov/author/kramer-s
http://tethys.pnnl.gov/author/avdis
http://tethys.pnnl.gov/author/avdis
http://tethys.pnnl.gov/author/allison-p
http://tethys.pnnl.gov/author/piggott-m
http://tethys.pnnl.gov/author/robins-p
http://tethys.pnnl.gov/author/neill-s
http://tethys.pnnl.gov/author/lewis-m

CURRENT ENERGY CASE STUDIES



Modeling Current Energy Converters

Evaluation of CEC devices to maximize power
production and minimize environmental effects

— Modeling includes:
e CEC module (simulates wake
generation)
e Sediment dynamics module

— Validation against flume-scale data sets

Tidal range change (m)

— Applied at various sites to evaluate CEC
array size vs. environmental effects

=
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— Technical Outreach LB
* User’s Manual, Training courses and Optimization ~

materials

H
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MHK Energy Extraction

MHK module simulates

Decreased momentum

Increased turbulent
kinetic energy

Increased turbulence
dissipation rate

These quantities are
simulated to accurately
model effects on system
hydrodynamics

16



Flow Turbine
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Cobscook Bay Model - Demonstration

100 X 100-m* grid

5 Turbines (1/cell) 5 X 5m? grid

1-turbine
occupies 6 cells

Bottom Elev (m)
0 [Time 0.000]  -45
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Cobscook Bay - CEC Physical Environmental Effects

 Near-Field
— Velocity reduction in wake

— Velocity increase locally causing scour and alterations in near-bed
transport

— Potential to impact near-field benthic communities and fish
behavior

— Low to Moderate
* Far-Field
— Minor alterations to water levels in the estuary
— Negligible alterations in flushing
— Low far-field environmental effect

19



SNL-EFDC Application and Tech Transfer

aaaaaaaaa

* Model Application — San Francisco Bay
* Investigated tidal flushing and range for 30,
150, & 300 CEC arrays.
* Minor effects observed for largest CEC
array.

*Model Application — Mississippi River | S UL
* Investigated performance, flood hazard, T g cr
and sedimentation concerns for 12, 132,
534 CEC arrays (FFP)
*SNL-EFDC technical transfer
* Completed two training courses

* 3 more courses for FY13 (Verdant, ORPC-
ME, ORPC-AK)

Bottom Elev (m)

2 [Time0.000] -108
HE B
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WAVE ENERGY CASE STUDIES



Wave Energy Converter Module

i OSUTWB A E i t
« SNL-SWAN: Tool for evaluating changes to wave e —

propagation due to the presence of WEC devices _
— Enhanced TU Delft code \ .

y

o)

3 <
*  WEC module absorbs wave energy as a function of
device characteristics
— Validation against flume-scale data sets
— Applied at various sites to evaluate WEC array
size/configuration vs. environmental effects
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Offshore WEC Array Modeling

23

Monterey Bay was used as a
test location for the offshore
WEC array modeling tools

Extensive oceanographic
data sets available for
baseline model evaluation

The baseline hydrodynamics
and wave models provide an
excellent development
example

6.86 &
12242 12205 121.98 12181 122 12205 121.98

Longitude {*W) Longitude {“W)

6% Transmission

Latituds (°N)

111111111111

Longitude (“W)




Modeling Wave Driven Circulation

m Hydrodynamics Model

- The SNL-EFDC three-dimensional, vertically hydrostatic,
free surface, hydrodynamic model

m Incorporation of Wave Effects

- Wave generated radiation shear stresses from SNL-SWAN
are incorporated as a source of shear momentum
equations

- The wave dissipation is incorporated as a source term in
the turbulent transport equations

24



Hydrodynamic Model Validation

e A10km by 10 km domain
was used

* A nearshore ADCP was used
to measure currents

....
.......

e Drifter studies were used to
gualitatively compare
nearshore circulation
patterns
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Seabed Risk Assessment

26

Bathymetry, modeled waves and
currents, and seabed characteristics
are integrated in a classification
system

A scoring criteria defines the risk to
offshore environment due to
seabed stability alterations

How big is the change?

Bathyinetry Waves anid Currents Sediment Chavacteristics

Develop Evaluation

Score Criteria
{Assign Scores to

Evaluation Datasets




Example Evaluation

e Spatial maps of stability and mobility
potential are developed from the risk
assessment

 Comparisons of baseline (above) and
array (below) scenarios can be made
to evaluate impacts on array
infrastructure and the local
environment

27
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Monterey Bay - WEC Physical Environmental Effects

e Small Array Near-Field

— Deep water physical effects are negligible for surface following WEC

— Potential to impact near-field benthic communities and fish behavior
dependent on mooring system

— Low
e Small Array Far-Field
— Minor alterations to sediment transport patterns
* Potential for near shore sediment transport alteration

— Negligible alterations in circulation
— Low to Moderate far-field environmental effect

* Effects may be used to enhance sediment management
programs

28
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SUPPLEMENTAL TOOLS
AND
FURTHER CONSIDERATIONS



Measurement Tools

30

Unigue tools are being continually
improved to inform modeling of
seabed stability

Tools for measuring sediment transport
— ASSET Flume and SEAWOLF Flume

Unique Features
— Mobile facility

— Reproduce large shear stresses to
simulate extreme storm events

— Measure erosion with depth

Used to quantify and understand
erosion rate/transport mode

Side View

Sediment Core
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Near-Field Scour

31

Near field scour in the vicinity of MHK
array infrastructure (support and
cabling) is examined as baseline
analysis methods are detailed

A B
¢ —— » ——
A B

Scour propagation

Elevation

Scour

Horseshoe
Vortex




Near-Field Scour Model Studies

m Near field scour in the vicinity
of wind farm infrastructure
(support and cabling) is
examined as baseline analysis
methods are detailed

m SNL-EFDC is being used for
high resolution simulations of
scour in the vicinity of
supports

m Preliminary results are shown
at the right

32
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SUMMARY



Summary

34

Quantitative methods can be used to evaluate the effects of
MHK arrays in nearshore coastal regions and rivers

Small arrays (~10) of CEC/WEC devices have minimal effect
on the physical environment — SITE SPECIFIC

As array size increases, effects increase and require further
study

Effects may be used to enhance sediment management
programs

Initial evaluation strongly suggests adaptive management
strategies




MHK Effects: Physical System

Known Knowns
Known Unknowns

Issues studied to date: U N known U nknownS

* Numerical Simulations of
the physical effects due to Issues that are unknown:

MINAIERS Issues that need to « Salinity and temperature
« WEC site-specific effects on be studied: stratification effects

WERED EITe| GUAETIE e + Feedback to + Effects on Birds and
subsequent seabed Regional Ecology other non-aquatic
changes « Habitat impacts species
« CEC alteration of currents, y
sediment dynamics, and Uncertain
water quality in tidal and Impact/Cost:
TS PR R - Effects on far-field
Not as Important: (r:?gjlr;?ign
+ Small numbers of devices seabed ar’ld water
deployed in most ualit ’
environments q v
Paths
Forward

» Further linkage between physical and ecological processes is being developed
» Modeling tools, and guidance for application of the tools, are being deployed to provide
easy end user application for site-specific evaluation
35+ Field tools are being investigated to fold into the overall evaluation framework
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