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Abstract : This study aims to develop a guideline of environmental assessment for tidal current energy development in Korea. Based on an
extensive discussion of the environmental effects of tidal current energy, this study provides an appropriate guideline for environmental assessment on
tidal current energy development in Korea. The guideline includes a method for proper site selection and specific techniques for environmental impact
assessment. The guideline for environmental impact assessment consists of four steps - including current condition investigation, impact predictions,
identification and incorporation of mitigation measures, and post environmental monitoring - to effectively predict and assess impacts of tidal current

energy development on the ocean environment. It is expected that the guideline can facilitate the often demanding environmental assessment review

process and to reduce the time taken for it.
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Fig. 1. Potential tidal current energy density map in
Korea(KHOA, 2013).
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Table 1. Site selection factors for tidal current energy development

Category Factor

Tidal current
energy

Depth of

water

Potential tidal current energy

Considering device types: jacket, floating, and
underwater types

Economic constraints (installation and
maintenance costs, including transmission cable)
and Socio-environmental constraints (conflicts
with marine transportation, fishery zone, coastal
landscapes, and so on)

Distance to
coast

* Environment Conservation Sea Area and
Special Management Sea Area (Marine
Environment Management Act, Article 15)
Wetland Conservation Area (Wetland
Conservation Act, Article 8)

Environment Conservation Sea Area (Marine
Ecosystem Conservation and Management Act,
Atticle 25)

Costal and Marine National Park, Natural Park
Protection, and Natural Park Environment Zone
(Natural Park Act, Article 4 and 18)

Costal Conservation Area (Costal Management
Act, Article 15)

Undersea Scenic Zone (Framework Act on
Marine Fishery Development, Article 28)
Ecological and Scenery Conservation Area,
Natural Reserve Area, and City/Do Ecological
and Scenery Conservation Areas (Natural
Environment Conservation Act, Article 12, 22
and 23)

Special Wildlife Protection Area (Wildlife
Protection Act, Article 27)

Fishery Resource Conservation Area (National
Land Plan and Use Act, Article 6 and 40)
Other marin environment and marine
ecosystem conservation areas enforced by the
other acts

Environmental
Conservation
Area*

Marine transportation(Fairways and shipping lines,
Fishery zone, Military training fields,
Transmission, Cable Areas, Pipeline Areas,
Resource extraction sites, Recreation areas (boat
ramps, diving sites, marinas), weather observation
and research sites, and so on

Marine
Activity

Others Effects of device on birds and marine ecosystems

*maps for each conservation areas are available in Kim et al.
(2013)'s study
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The results of the “local knowledge™ workshop: a) fisheries stakeholder output, b)
recreational sailing stakeholder output, c¢) tourism stakeholder output.
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Fig. 2. Site selection for tidal current energy development through interactive marine spatial planning(Alexander et al., 2012).
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Table 3. Investigation of condition and prediction of environmental impact
. Investigation ..
Category Indicator - - - Prediction
Survey point Time period
* At least 2 points around device R
Sea level * At least 2 points around project site Aéarle?)tbs(z:?\e/ation
i e At least 2 points around the boundary of {more than 30
Tidal & ocean current numerical model davs if conduct
e If possible, overlay with the survey points for segsonal surve
Wave water temperature, salinity, marine algae, inevitably) Y,
sediment, water quality, ecosystem Y e Use of verified
Marine : :
physical & gl({?riglrrilgegtcopography e All areas of influence * Seasonal survey iﬁilg;’ilgael ng?lel
submarine ; -
t h * Coastline and submarine topography: areas of | , * At leat one year
PO Suspended & surface influence . . . (S e::‘rsi(())g?i e simulation
se diI;nent ¢ Multiple points around device and project site o%servatio i
* Point for surface sediment: overlay with the necessa )n,
survey points for suspended sediment Ty
. * Multiple points around project site .
\l?vlégt}t,letrragllglsggv fction * At least 1 AWS point around project site for | , iﬁs&l&alﬁxgey
weather observation Y
Marine water quality * At least 2 points around device * Continuos . ¢ Intercompatible
. . h . observation:
Marine * At least 2 points around project site water model to the
water * At least 2 points around the points for temperature and marine physical
quality & Marine sediment marine physical and submarine topography salirll) i & submarine
sediment e Over with the survey points for sea level, . Seasogal survey: topography
marine algae, sediment, ecosystems Y models
the others
* At least 2 points around device
e At least 2 points around project site
Phytoplankton and * At least 2 points for phytoplankton and
zooplankton zooplankton « Mathematical
Marine and * Over with the survey points for sea level, model
benthic marine algae, sediment, ecosystems e Seasonal survey | * Conceptual
ecosystem Marine algae and * At least 2 points around device model
phanerogam * At least 2 points around project site  Empirical model
Fish and fish eggs * Varied by project scale (within a 15km
and larvae radius)
Benthic organism * Multiple points
e At least 2 points around device * Numerical
Acoustic . * At least 2 points around project site . analysis method
effects Noise * At least 2 points around the boundary of Seasonal survey | Acoustical

open sea

modeling

F A5V & ol&dto ASAEY FIE SAHINL
F7t= edE 29 Eq 9 gy doHE T3 3o
ul=hA 3ltt, Hydrophone?] -5, AA| | FAE| IS

A = A S(pseudo-noise)©] H=E=Hl, pseudo-noise™
hydrophone®] FW 9= F{7F AU7taA A7) Fap4 <)
Ago® AA ZFTHTANA B AgHE TR0
o} o}, w2kA] hydrophonedl E& H 3 Yh(flow shields)e]t
¥ 58l = (drifting) hydrophoneS: AF-8-3l= A o] w4 sld),

3.2 YOS

EFe] oF BANHE S5 FARS ol
of o8 EAHNOE A% wE AU AT here A
sh= ol ez BAoth 2FWA YL Aitrel
AFAGDA B Qo] WA Bk Sold W WG
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Fig. 3. Underwater Sound Propagation Paths(California Department

of Transportation, 2009).
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Table 4. Potential mitigation strategies for tidal current energy development

Indicator Priority area General recommendations for mitigation
. . Minimize anchor sizes
Egg?tsstegssmm structure: on benthic Minimize number of moorings and slack lines
Y Streamline support structures.
Minimize lights, shroud lights, or use strobes instead of constant
Presence of Effects of static structure on the water lighting.

devices: static
effects

column and/or surface

Design structure to be less desirable for pinniped haul out.
Streamline support structures.

Disruption of habitat and motive species
during device maintenance

Work windows should be scheduled to minimize impacts to fish
(resident and migratory), migratory birds, and marine mammals.
Follow best practices for containing anti-fouling coatings during
biofouling removal.

Presence of
devices:
dynamic effects

Potential for direct interactions of marine
species with turbine rotor

Increase visibility of rotors to fish.

Acoustic avoidance measures

Shock absorbers on leading edges of blades.
Temporary device shutdown.

Biofouling prevention needs are poorly
defined

Avoid use of anti -foul ing biocides when possible.

eCfl%:(r:rt];cal Eeedsi?;gﬁ?ssm of pollutants from disturbed Use directional drilling to minimize disturbance to nearshore areas.
Potential for large oil spills Turbine design should minimize volume of lubricants and hydraulic
fluid.
dEr)isﬁiﬁSIVG transient pressure from pile Schedule construction timing to minimize adverse effects.
Acoustic S . . "Soft start" pile driving.
Behavioral responses to increases in .
effects . . Bubble curtains.
noise (broad band or tonal) from device Desien devi S .
operation esign devices to minimize acoustic output.
Electromagnetic | Behavioral disruption from electric and ?ur_y power Eablisé bl
effects magnetic fie 1ds wist cores for caples.

Run DC cables of opposing polarity in close proximity.

Energy removal

Changes to far-field physical environment
and habitat

Minimize power dissipated by mixing of turbine wakes with free
stream.

Streamline support structures.

Adapt patterns of device operation to avoid interfering with
seasonally important events.

Cumulative
effects

Effects on large, mobile species

Limit number of devices at a given location until effects of operation

are sufficiently understood.

Effects of energy removal

Projects should begin at small scale and increase incrementally to
commercial scale.

Difficulty of predicting, detecting, and
attributing changes to the
presence/operation of tidal energy devices

Projects should begin at small scale and increase incrementally to
commercial scale.

Source: Polagye et al.(2010).
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