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Abstract : This study evaluated tidal stream energy resources according to tidal flow properties around Uido off the west coast of, Jeollanam-do,
South Korea. A feasibility study was first carried out through the collection of bathymetry data and tidal phase information. For this simulation, a
depth-averaged 2D ADCIRC (Advanced Circulation) model for real sea situations was applied to a Finite Element Method (FEM) approach for tides
given the variation of tidal current speed. Hydrodynamics were simulated with 4 major tidal constituents (Mo, S, K;, and O)) dfter setting up 4
observation points. From the real depth-averaged model simulation results, it was found that the spring tide Higher High Water (HHW) and tidal
current speed values at the 4 observation points were about 2.2 m and 1.33 m/s, respectively. The ADCIRC model results were analyzed with
reference to the Korea Hydrographic and Oceanographic Agency's (KHOA) observed data for verification. Furthermore, using topographical
characteristics via the Tidal Flux Method (TFM), tidal energy density distribution was calculated, indicating a maximum tidal energy density of about
1.75 kWi for the 5 assessment areas around Uido. The tidal energy density was evaluated with conmsideration given to topographical characteristics

as well as tidal elevation and tidal current speed to determine an optimum tidal farm candidate.
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Fig. 1. Location of Uido in Korea.
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Table 1. Outlines of experiments and boundary conditions for ADCIRC

Parameters Set up
Model type 2DDI(2D-Depth Integrated)
Bottom stress/friction Constant Quadratic
Friction coefficient 0.005
Start time 00:00am, 1st October, 2006
Ramping time 1 day
Specified run time 15 days
Time steps 5 seconds
Mesh nodes 55,146
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Table 2. Examples of tidal major 8 constituents

Tidal constituent Period ﬁéﬁf&ry
(hrs) o(h™ )

M, (Principal lunar) 12.42 28.9841
S, (Principal solar) 12.00 30.0000
K, (Luni-solar semi-dinural) 11.97 30.0821
N, (Larger lunar elliptic) 12.66 28.4397
K, (Luni-solar diurnal) 23.93 15.0410
O, (Principal lunar diurnal) 25.82 13.9430
P, (Principal solar diurnal) 24.07 14.9589
@, (Larger lunar elliptic) 26.87 13.3986
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Fig. 2. Enlarged views of the finite element mesh around Uido.
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Fig. 5. Comparison of observed and modeled tidal currents at OP-3.

>
a
O
HU
L
o
3L
d
k)

A
Hu e ol
P Lo

I
Lo
ul|

2odu o Hu
o
B
[ol
10 gl
I

do -

L
- =l
G5
o
o,
k1
'S

iR

o 45 foro NN
B
B> i
N o W R
g

e
o

=i

]
ol & o] &3 l‘%_zq(CaseB)S]-b
o] o ogk x99 871 %
AF2)l oJF x9jAto] 5 o] &3
o] &3l %53 tH(Jung, 2010).

>
i,
!
i)
o
iin)
i
=
&
=2
ftlo
N
1-1}1
HU
r
|\
N
)
fo

(S
lo,
24

E‘L/K J 2z Al
=4

=)

1.4 (CaseC)gt

i N T
>1:=4
iz
BN

B
tio

Z Nobs
Z Neal

N(B) ppen = 1(A) e, < (11)

2778
Z:774

Z Nobs
Z Neal

n(c)open = n(A)open x

21D n(A),,., = 40 F4 2402 A4tE
dzrozA B= AAHY o= AY

143t

gl

- Observed Calculated
=g 2
£ Case A
£ 15
->u 1 1 7 a3
¥ A AR R RA
£ os i} L et
£ bl EVELET RV
g o s sl B i i
e 2
€ Case B
£ 15
2 ; T
Y ot el
2 [§I HHLLE ¥
N T [ AL [ gttt
3 os
£ iafy | ALAN| | ' At
a .
£ Case C
é‘ 1.5 4
E 8 7 2 Al i 1
% ) 1kl \l\li i
X T R A
2 I -i ‘ : i gl [ il
g o — S R
1 2 3 4 5 [ 7 8 9 10 11 12 13 14 15
(b)
Z919 F ok Zn, ol Zols A& At 299 B
AT A CaseC DAl F7IHA5Y) ALME ARE
o] &3l n(B),,.,° &713F AXG 47) A2 2 8 74
B gol 9@ 29Agtel Aolg q8a RALAS
H Fdgons AE4e w9k
Fig. 5% tlEM o2 0p39 29 ¥ 2Fe] By 74
& B9 Azl ) =AY ATE 2R 2@
CaseAt (b))t o]l =7/&9 Fetert vtAl 4 = AARE,
CaseBCSt 2ol WARAZ B3 o) FHeg FYAA
Tk OP-32 #5573 5 withe] F4lo] 7hd kal S29F 4

Aghe x7] LI ZF(Higher high
mE A, U2 A7
=2k 025 s Aol &

SICEERIEEUD
al

water) 2.2m, A IL3LZ 2.06

Z5F4 EF 133msE YER

Bog 29y Ay AA o2 A A Z(Lower low water)
o 29 % 2HL F gde] HluA A sHA T O
x719 1ax BY Aie AA ASUNE w8 4t
A e AL & F Uk 2Ey #ASHA dF A9
RS A o ¥ Fdx A AUzF{EATE 24 DA
3HA @i, dAsHA fFAE = S 2[5 Wsrt
A AGe whel Bl FFo R FAE 2 AFAE B
A& & Atk

- 191 -



OHLV] EYXE
A e 4
A= Aa23% i%(’ﬂﬁ?] UL 74]*} dHez A4
gk folkel 3ok Alo]o] S AadSE TRl

Fig. 6. Bathymetry of Uido, showing assessment area for tidal

energy.

Time-series
Energy Density
(kw/m?)

175 0.80

0.00 0.00
(Aal]  [Aa2-5]

Fig. 7. Tidal energy density around Uido (Time-series energy

density).

A R B ASHAAE S & A s fER
2 At AE A8sd Fig 73 22 oy AREX
g == Ak folk MdEel HAAF Aal2 A
L75kW/M 9] ojux] Mg BQIth o] Aal d%el F4]
W 2FE5e] FA% WMetE Qe £ oux FExE e
e Ao 4% 5 v

T Aa29h Aa3> At A Abelel] fiAle) v Al Y2
ol A 2f&o] et g ezA & duA Uxs
Zidstal ot At A Abole] Aol wlel oz gk

W AEs - R

o
[ot
i
tio
o
o,
K

2N k% Al 17209] S-S THA 2R 4

Fgdshs qgw Qd W v 2xE mgid.

paash pas Apols] A e At 35m ole] 2 S

gz A e 50 Folrh v et duHes

Ao He oA WE ExE nolv, A 08kWME
Lo

N

U

ERlich 3 Aad H S & A9 S-o|AlE) b 23 o]
i AYA EHow FF AFTHLAL 3 L9 5
A= o= Sl ol

Fig. 82 $-o|%= &l o] AA7|7H159Y) ote] F oy

B =
A Ae BIE

YERdTE 2)(13)9] URMC(The Unit Root
Mean Cubed velocity)= 3133]9S AA43 AtAl =2 F+A3}
o HHFZFSE U9 AAF 5. (Prism model) &

S0 EE]Z:

et =1 o] §H T kv F B ] Z 4 T A
o], N2 Total simulation time®|t}. dwkd o2 33 1597,

30473 2=A7F 74 A 4EMEE kS N& BEF 159
S J1Fo® §lgstqith. 1 AT AalolA 151 kwMe] 7}
& e A UA LES e

& U
URMC= EW (13)

Time-series
URMC
flew/naz]

1.51

0.00

- 192 -



ADCIRC R4S o] &3l Qo FHs|de] /A H7}

gz27] of 23X 22m, FHAF £27FE5 133msE

2) 7% 7S o183 Fluxd] AMHE S8 2F7AUAE
BRIt alol A8 Waks FrAeA Hd 175kwM

o oAREE HPow, welr|Bete] FREFES
= 1

i

B A= 3] 7] S (KIMST) 3 F3 A ol
o

A7) MEALY QBe] “HH ZFLALA AAE 9% 1
W% AT Ao o Folgon], nAA e R 2
& e =gy

References

[1] Blian, C. A. and R. H. Preller(2001), Tidal Prediction Using

Model (ADCIRC) and a
Relocatable PC-based System, Journal of The Oceanography
Society, Vol. 15, No. 1, pp. 77-87.

[2] EMEC(2009), Assessment of Tidal Energy Resource, Marine
renewable energy guides, pp. 47-49.

[3] Jung, T. S.(2010), A Method for Improvement of Tide and

Tidal Current Prediction Accuracy, Journal of the Korean

the Advanced Circulation

Society for Marine Environmental Engineering, Vol. 13, No.
4. pp. 234-240.

[4] Kang, S. H.,, K. Y. Hong, B. S. Hyun, W. C. Koo and H. J.
Kim(2012), Future Perspective and National Development
Strategies on Renewable Ocean Energy, KAST research
report 2012, Vol. 87, pp. 26-28.

[5] Lamb, H.(1932), Hydrodynamics. Cambridge University Press,
6th edition, pp. 6-10,

[6] Lee, J. K.(2016), Numerical Study on Performance of Tidal

Current Turbines as Arrangement considering Interactions,

Doctor degree thesis, pp. 16-19.

[7] Lee, M. E, N. S. Oh, G. Kim and J. W. Kang(2013),
MODELING TIDAL CURRENT AROUND MOKPO, THE
SOUTH WESTERN COASTAL ZONE OF KOREA, the 7th
International Conference on Asian and Pacific Coasts (APAC
2013), pp. 521-526.

[8] Sobey, R. J.(2008), Wetting and Drying in Coastal Flows,
Coastal Engineering, Vol. 56, pp. 5-6.

[9] Suh, S. W., W. H. Cho and G. S Yo00(2006), Journal of
Korean Society of Coastal and Ocean Engineers, Vol. 18, No.
1, pp. 43-52.

[10] Thake, J.(2005), Development, Installation and testing of a
large-scale tidal current turbine, DTI, England, pp. 1-35.

[11] Yang, C. J.(2011), Theoretical Study on Assessment of Tidal
Stream Resources, Journal of the Korean Society of Marine
Environment & Safety, Vol. 17, No. 1, pp. 23-28.

[12] Yang, C. J.(2013), A Study on the Design of Tidal Current
farm in the Bunamgun-do, Journal of the Korean Society of
Marine Environment & Safety, Vol. 19, No. 1, pp. 85-92.

Received : 2017. 02. 03.
1 2017. 03. 29. (Ist)
1 2017. 04. 10. (2nd)
Accepted : 2017. 04. 27.

Revised

- 193 -



