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Abstract

A tidal power plant (TPP) has been in operation since the end of 2011 to improve the water quality of
Shihwa Coastal Reservoir (SCR). Tidal mixing rate increased 5.6 times after the TPP operation so that in
this study, its effects on water quality was assessed through statistical analysis of long-term water quality
monitoring data. It was found that the increased tidal mixing contributed to solving the hypoxia problem in
the bottom water by preventing the summer stratification. The analysis also showed that the increased tidal
mixing had different effects depending on the relative concentration difference for each water quality
substances between the SCR and the outside of SCR. The average concentrations of some substances
(chemical oxygen demand, total phosphorus, chlorophyll-a) with higher concentrations than the outside of SCR
decreased due to the dilution effect, but the other substances (total nitrogen, dissolved inorganic nitrogen,
dissolved inorganic phosphorus) with lower concentrations compared to the outside ones increased on the
contrary. Factor analysis also showed a consistent result that the first factor accounting for the water quality
was changed from the organic-related substances to the nutrient-related substances after the increased tidal
mixing. These results imply that the focus of future water quality management needs shifting from the organic
substances to the nutrients, particularly dissolved inorganic nutrients. Considering the effect of inflow seawater
on the nutrients, the management area should be extended to cover not only SCR but also a certain area
outside of SCR.
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1. Introduction
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2. Materials and Methods

2.1 Study site
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Fig. 1. The study site.

Table 1. Hydrodynamic impacts of Tidal Power Plant (TPP)

operation
Categories Hydrodynamics impact
Type of TPP |Single effect flood generation

Maintenance
water level

Tidal volume
exchange

Before TPP: E.L.

After TPP: E.L.

Before TPP: 0.025x10°
After TPP: 0.15x10°

-2.0 m~E.L.
-45 m~EL.

-1.0

m

-1.0 m

m’/d(Sluice only)
m*/d(Sluice and TPP gates)

Seawater level

Ipen
“lose,

Optumum
Net H:

Basin water level

NMimum Net

Head:

Tutbine Open
2m) Gate - Open
©.

I MSL.(-)1.00m

Stand

Generate (Hightide)

Drain (Low tide)

Fig. 2. Diagram of a single effect operation(flood) for the

Shihwa TPP (Bae et al.,
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Table 2. Summary of the monitoring data and analysis from
different sites

Table 3. Average water quality change ratios and Mann-
Whitney test results at the selected sites

Parameters Sites Frequency
Bottom DO, and surface Salinity,
Qhemlcal Oxygen. De{rland (COD), Inside: 4 times
Dissolved Inorganic Nitrogen (DIN),
. i SHO1~05, | per year
Total Nitrogen (TN), Dissolved .
. Outside: | (February,
Inorganic Phosphorus (DIP), Total 1C07~ 09 Ma
Phosphorus (TP), Suspended Solids (SS), ’ ¥
Chlorophyll-a (Chl-a), Transparenc; cti, August,
Py » TANSPATENCY, 1 1016-17 | November)
Temperature*, pH*, Silicon
dioxide(SiO,-Si)*

* Parameters used only for factor analysis

i

(Kaiser, 1974). 8219 F&2& FHA ILFFk(eigenvalue) 715
o2 shte FHRo| W IH ol #AEs Agdtes
A& gulste Afgkol 1 o3l e FEsIReH, a9
3 7 Bl A& Sk —1_11_9431 Varimax & 283t
o} oju] FAEAJol| & Statistical Package for Social Sciences
(SPSS) version 22S AME3tH T A8 s HFFH(SH4 2
SHOS)-»] 3% AFFEF SU olAdd vEF 20113 ZYH
Y Al EH] YRR B2 A3ls F3F(SH01~03) L
95 QIZ FH AFE AAH e FRTS ARY B¢
Arfed S olF A ot 2 tE BHAY v v
AH&3HA T

3. Results and Discussion

3.1 Average water quality changes before and after
operation of tidal power plant
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Outside of SCR

Inside of SCR (SH01-03) (I1C07-09, 11,
Parameters 16, 17)

SHO1 SHO02 SHO3 | Average | IC16 | Average
Salinity | 15.8%* | 9.9%* | 85% | 11.2% | 0.2% | -0.2%
DO 24.8%* | 9.6% | 143% | 16.1% | 3.5% | -0.9%
COD -37.9% | -38.8% | -25.1% | -35.2% | -5.4% | 0.4%
DIN 28.7% [181.8%%*|166.9%*| 92.9% |22.7% | 27.8%
TN -9.8% | 50.5%* |39.0%**| 18.6% | 6.9% | 14.9%

DIP 459% | 30.8% | 74.2% | 49.6% |16.0% | 10.3%
TP -47.5%* | -29.8% | -26.6% | -36.9% |-20.1%| -22.8%

SS -17.3% | -19.0% | -16.0% | -17.5% |-12.0%| 0.5%
Chl-a -78.2%* | -43.8% | -32.6% | -65.1% |-43.8%| -41.3%
Transparency| 21.2% | -8.8% |[-25.7%%| -8.6% |20.6%| 3.5%

* . Significant difference at p < 0.05 from Mann-Whitney test
™ :Significant difference at p < 0.01
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ZE AYH dFE FEo] e F AlSts WiolA
AE RAoZ YElEi, §3] Chl-a, COD, TPS % AA
o FE7F 30% ©14 43kt Wi DINS TN, DIP &
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3.2 Spatial change of average water quality before and
after operation of tidal power plant
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Fig. 3. Water quality changes within and outside of Shihwa coastal reservoir.
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Fig. 4. Scree plot in the down area within SCR.
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3.3 Water quality characteristics changes before and
after operation of the tidal power plant
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Table 4. Rotated component matrixes in the down area within SCR

(a) Phase 1 (b) Phase 2
Component Component
Parameters Parameters
1 2 3 4 1 2 3 4
Transparency -.861 .086 -.093 -.103 DIN .894 -.141 -017 -.054
TP .848 205 -.088 062 DIP 726 078 -.466 .080
Chl-a .809 -134 173 -.009 N .697 307 .094 .300
COD 741 -.194 .068 404 TP 528 446 -.056 425
Salinity -703 131 372 -155 Temperature -.062 .856 -290 121
DIN -.096 .856 307 144 Salinity .526 616 387 -017
DIP -113 .760 -202 -138 SiO,-Si 405 .596 -247 118
TN 627 .634 .081 011 COD -.186 .576 .526 362
DO 130 .019 .885 -113 DO -.058 -.241 812 .002
Temperature 519 -225 -.734 .069 pH -.027 .051 -.724 .022
pH 331 -396 .605 393 Chl-a -325 263 554 519
SiO,-Si -.006 259 -.198 .841 SS .184 -.059 -019 .821
SS 279 -270 .099 77 Transparency -.064 -252 -.021 -.786

a. Rotation converged in 6 iterations

Extraction Method: Principal component Analysis
Roatation Method: Varimax with Kaiser Normalization
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