1795t Vol. 28, No. 6(2019), pp.507~524  J. Environ. Impact Assess. 28(6): 507~524(2019) ISSN 1225-7184
https://doi.org/10.14249/eia.2019.28.6.507

Research Paper

Simulations of the Effect of Flow Control and Phosphate Loading
on the Reduction of Algae Biomass in Gangjeong-Goryong Weir

Dae-Yeon Park - Sung-Jin Kim - Hyung-Seok Park - Se-Woong Chung

Department of Environmental Engineering, Chungbuk National University

Q0F: & Ao B4 Y5 ol YA BN GE e 2 EFDC 29& AAska, B
7ol fekoll whE ARAINT F94 9 F= HIF A 9 27 DAFHEGRF, 5257, 925) BA
off v]Xl= g Brksk=dl Utk 20189 AAARE o]8ate] RElS AAT A, B 7110 429]9}
P2 2 B DO, 718, A, A ALY AL H3kE A-s] st 27 258 YAF o
Zof JolM= AR HE 542 AA3| Adstdou, d57|3tel] A&kt #AF 2A Uepsth, 2
o] Brej 9ot S 2Eske Auele ojan Ho| 24 £ HESSE S STHIESE a2
450] &3} B ik Ao BAREIY, AALGEAM #2450l AT 452 oF 0.1 m/s%
o ol g7e] WA HA AFtAukel AR, 2Q FF AlutE] 2 2o A, Chl-ax= 8.7% 3423t
AL FRFOF H2F AZ4 Y Fasigle), shANE H2F Al2ee 28] SRkt 1 olh
< frgel S7ketol o] Webr ARAdAEAY 52 dE2RF 27t skl AH 9% 717 A
O vehgth §U o Bt F=(Ft 0.056mg/L)E 50% o8 Adste Alute e mojdn
Chl—a+=13.6 % 743kt AFATE A E ] 25 B AA57] YajjA= 5228k A
ool A A T 27wk ol FokF Aol sAlol e Eofof g AlARRIT

Abstract: The purpose of this study was to validate the EFDC model for the weir pool of Gangjeong-
Goryong Weir located in Nakdong River, and evaluate the effect of flow control and phosphate loading
reduction on the water quality and algae biomass by group (Diatom, Green, Cyanobacteria). As a result
of model validation using 2018 experimental data, the time series of water level and vertical distribution

of water temperature, DO, organic matter, nitrogen, and phosphorus time series were properly
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simulated. Seasonal fluctuations of algae biomass by group were adequately reproduced, but the

deviations between measured and simulated values were significant in some periods. As a result of

scenario simulations to control the water level and flow rate, the thermal stratification was resolved as

the water level was lowered and the flow rate increased. The flow velocity at which the water

temperature stratification was resolved was about 0.1 m/s, which is consistent with the previous study

results of Baekje Weir in Geum River. Simulations of the 2Q flow scenario showed that Chl-a decreased

by 8.7% and the cell density of diatom and green algae declined. The cell density of cyanobacteria

increased, however, because the high concentrations of cyanobacteria in the upstream boundary

conditions directly affected downstream due to increased flow velocity. In the scenario simulation of

reducing the influent phosphate load concentration (average 0.056 mg/L) to 50%, Chl-a decreased by

13.6%. The results suggest that the upstream algae concentration and phosphorus load reduction should

be considered simultaneously with hydraulic control to prevent algal overgrowth of Gangjeong-

Goryong Weir.

Keywords : Gangjeong Goryong Weir, Nakdong River, Phosphate Loading, Algae Control
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Figure 1. Locations of the study site and weirs; Chilgok Weir (CGW) and Gangjeong-

Goryong Weir (GGW).
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Table 1. Calibrated model parameter values for each algae group
Parameter Cyanobacteria Diatom Green Units
Maximum Growth Rate 1.75 1.25 1.75 /d
Optimal Minimum Temperature 20 17 15 °C
Optimal Maximum Temperature 40 20 30 °C
Predation Rate 0.07 0.04 0.1 /d
Basal Metabolism Rate 0.05 0.05 0.05 /d
Nitrogen Half-Saturation 0.04 0.04 0.04 mg/L
Phosphorus Half-Saturation 0.002 0.002 0.002 mg/L
Settling Velocity 0 0.1 0.1 m/d
Chl-a/ Cell 2.0E-07 3.07E-06 3.55E-07 ng/cell
Carbon : Chlorophyll 0.025 0.025 0.025 mgC/ugChla
Background Light Extinction coefficient 0.305 /m
Light Extinction due to Chlorophyll 0.01 /m per mg/L
Chlorophyll Light Extinction Exponent 1 -
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Table 2. Simulation scenario according to water levels, flow rates and inflow phosphate concentration variations

Scenario Water level Flow rate Inflow phosphate
TS1 EL. 19.50 m 1.0Q 1.0C
TS2 EL. 17.80 m 1.0Q 1.0C
TS3 EL. 1490 m 1.0Q 1.0C
TS4 EL. 19.50 m 1.5Q 1.0C
Water level and flow control TS5 EL. 17.80 m 1.5Q 1.0C
TS6 EL. 14.90 m 1.5Q 1.0C
TS7 EL.19.50 m 2.0Q 1.0C
TS8 EL. 17.80 m 2.0Q 1.0C
TS9 EL. 1490 m 2.0Q 1.0C
DISI EL.18.32m 1.0Q 1.0C
Flow control DIS2 EL. 1832 m 1.5Q 1.0C
DIS3 EL. 1832 m 2.0Q 1.0C
IP1 EL.18.32m 1.0Q 1.0C
Phosphate reduction P2 EL. 1832m 1.0Q 0.75C
1P3 EL.18.32m 1.0Q 0.50C
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Figure 6. Simulated water temperature profiles on the selected dates according to the flow rate and
water level scenarios: (a)-(d) 1.0Q, (e)-(h) 1.5Q, (i)-(I) 2.0Q.
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5Yoll= Figure 6(1)2 Figure 6()2t o] 417} #]
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Table 3. Wilcoxon signed-rank test, and median difference of water quality variables according to scenarios of flow rate and

inflow phosphate load

Ttems Wilcoxon signed-rank test®:© Wilcoxon signed-rank test®: @
p-value Median difference p-value Median difference
Flow rate

Water temperature -0.25 mg/L -0.29 mg/L

DO <005 -0.22 mg/L <005 -0.29 mg/L

TOC -0.06 mg/L -0.11 mg/L

N -0.011 mg/L -0.011 mg/L

NH+-N 0.7432 0.000 mg/L 0.8855 0.004 mg/L

NOs-N 0.028 mg/L 0.025 mg/L
TP -0.0024 mg/L -0.0046 mg/L
POs-P -0.0015 mg/L -0.0035 mg/L

p<0.05

Chl-a 0.97 mg/m? 1.49 mg/m’
Depth-averaged cyano -10 cell/mL -550 cell/mL
Depth-averaged diatom 782 cell/mL 1,274 cell/mL
Depth-averaged green 0.2734 1,020 cell/mL p <005 1,060 cell/mL
Surface cyano -503 cell/mL -593 cell/mL
Surface diatom p=005 464 cell/mL 769 cell/mL
Surface green 0.8459 660 cell/mL 580 cell/mL

Depth-averaged velocity -0.019 my/s -0.039 my/s

Surface velocity Ay -0.023 m/s -0.039 m/s




518 BB EIt Mi28T HMez

Table 3. Continued

_ Wilcoxon signed-rank test®:©) Wilcoxon signed-rank test®: @
p-value Median difference p-value Median difference
Inflow phosphate load
Chl-a 0.51 mg/m? 1.27 mg/m3
Depth-averaged cyano 580 cell/mL 1,100 cell/mL
Depth-averaged diatom 100 cell/mL 347 cell/mL
Depth-averaged green p<0.05 970 cell/mL p<0.05 2,330 cell/mL
Surface cyano 120 cell/mL 1,100 cell/mL
Surface diatom 34 cell/mL 88 cell/mL
Surface green 1,076 cell/mL 2,487 cell/mL

3 test between flow rate DIS1 vs. DIS2, Y test between flow rate DIST vs. DIS3
o test between inflow phosphate IP1 vs. IP2, 9 test between inflow phosphate IP1 vs. IP3

2449l et ol @ TR0 Mg 3}
o}5l7] §J3) Phosphate Liming Factore] tisjA %=
Boxplot¥} Time series® A]ZF3}s+3 3L (Figure 9)
Al, Z7FA Q] Chl—a B22 BA59cHFigure 10).

Al e ZA o aefE Maeso A A82
3}, 2% p-value € 0,05 2 AFEELE wp=22] ¢
= HAFEEE Vel Wilcoxon signed—rank
test 421}, DIS2 AlYE] 2= NH4—N, 5415+
2 %5 5257 Uk, DIS3 AV ex A8 5
25 U= P AQJRt B ollA DIS1H ko]
SAALE fo4d0] A= A

AT, At AaHSherman & Webster 1998;
Mitrovic et al. 2003; Park et al, 2019)} &&] &
257 Alxza U fol S7HeE o 23] 5
7¥skgict, o]l gt AHukE Aol Yele AR AA%
Ao 2% 59 w=o 9l DIS3 Alue] 2] 7
< HF8<o] DIS1O| I8l 132.9%% 35389

ARAAZAL e 925 FE(Figure 7()7} 3}

Soll Irf RS v FRES} SRR P 5
St ANE 2t ¢ A 9B 5

EE 2L olgR SYFI WA B & 2 5
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Y EF R A U, AT R RS F o Al= Zaskgle), ol2iet At shof] dAE 2
& o] F7behe AdE EEa TN, NHi-N, TR AT 2% I YAFS B8 S
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TR} 52RO Al2s Wwo A aitE e
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Table 4. Basic statistics of simulation results according to flow rate scenarios

Item Scenario Min Max Median Average Std.dev % Change
DIS1 14.27 30.61 23.17 22.98 439
Water temperature DIS2 1433 31.16 2342 23.27 4.50 1.2
DIS3 14.60 31.46 23.46 23.40 454 1.8
DISI 2.90 12.11 8.11 7.55 2.09
DO DIS2 2.67 12.06 833 7.85 1.98 4.0
DIS3 2.89 12.01 8.40 7.98 1.91 5.7
DISI1 3.15 8.82 447 4.66 1.14
TOC DIS2 3.24 8.74 4.53 4.73 1.10 1.6
DIS3 342 8.85 4.58 4.78 1.07 2.6
DIS1 1.686 3411 2.634 2.663 0.319
TN DIS2 1.744 3.429 2.644 2.652 0.327 -0.4
DIS3 1.690 3.432 2.645 2.646 0.338 -0.7
DISI 0.036 0.327 0.112 0.126 0.067
NHs-N DIS2 0.035 0.338 0.112 0.124 0.067 -1.7
DIS3 0.035 0.341 0.108 0.123 0.067 -19
DIS1 1.031 2.696 2.000 1.999 0.319
NOs-N DIS2 1.086 2.713 1.973 1.985 0.328 -0.7
DIS3 1.038 2.708 1.975 1.977 0.338 -1.1
DISI 0.011 0.187 0.034 0.049 0.038
TP DIS2 0.012 0.184 0.036 0.051 0.037 2.9
DIS3 0.014 0.188 0.039 0.052 0.036 5.0
DISI 0.001 0.095 0.008 0.019 0.021
POs-P DIS2 0.001 0.093 0.010 0.020 0.020 34
DIS3 0.001 0.094 0.012 0.020 0.019 6.9
DISI 1.7 204 7.6 8.0 43
Chla DIS2 1.7 193 6.6 7.7 4.1 4.3
DIS3 1.6 17.5 6.1 7.3 39 -8.7
DISI 0 27,699 2,950 3,986 4,350
Depth-averaged cyano DIS2 0 24,267 2,960 4,473 4,643 122
DIS3 1 23,168 3,500 4,799 5,019 204
DISI 269 17,171 4,997 5,956 4,118
Depth averaged diatom DIS2 167 16,411 4215 5,671 4,022 -4.8
DIS3 160 14,964 3,723 5413 3,886 -9.1
DISI 345 44,931 5,630 8,864 9,453
Depth averaged green DIS2 327 40,986 4,610 8,700 9,011 -1.8
DIS3 303 38,456 4,570 8,256 8,043 -6.9
DISI 0 27,684 3,557 4,627 4,774
Surface Cyano DIS2 0 27,793 4,060 5415 5,712 17.0
DIS3 1 34,655 4,150 5,800 6,588 253
DISI1 233 18,029 4,492 5,983 4,560
Surface Diatom DIS2 155 17,417 4,028 5,599 4,308 -6.4
DIS3 152 15,069 3,724 5,307 4,080 -11.3
DISI1 345 45,093 6,000 9,247 9,327
Surface Green DIS2 326 52,294 5,340 9,330 9,648 0.9
DIS3 303 48,697 5,420 8,879 9,405 -4.0
DISI1 0.005 0.403 0.035 0.081 0.095
Depth-averaged velocity DIS2 0.005 0.695 0.054 0.128 0.157 58.9
DIS3 0.006 1.250 0.074 0.188 0.247 132.9
DISI1 0.002 0.443 0.061 0.102 0.100
Surface velocity DIS2 0.007 0.763 0.084 0.155 0.166 51.5
DIS3 0.008 1.375 0.100 0.219 0.265 114.6
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Table 5. Basic statistics of simulation results according to phosphate load scenarios

Item Scenario Min Max Median Average Std.dev % Change
IP1 1.71 20.41 7.58 8.01 426
Chl-a P2 1.71 17.56 7.06 7.57 3.93 -5.6
1P3 1.61 14.09 6.31 6.92 3.46 -13.6
IP1 0 27,699 2,950 3,986 4,350
Depth- averaged cyano P2 0 24,417 2,370 3,608 3,987 -9.5
1P3 0 20,058 1,850 3,150 3,548 -21.0
IP1 269 17,171 5,000 5,955 4,117
Depth averaged diatom P2 258 14,813 4,900 5,711 3,791 -4.1
1P3 254 11,938 4,653 5318 3,323 -10.7
IP1 345 44,931 5,630 8,864 9,453
Depth averaged green P2 344 39,152 4,660 7,629 8,323 -13.9
1P3 342 31,410 3,300 6,180 7,038 -30.3
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Figure 7.

Comparison of water quality and algae cell density according to flow rate scenarios.
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Figure 10. Spatial distribution of depth-averaged Chl-a concentration according to (a) the flow
rate and (b) phosphate loading scenarios on August 4, 2018 (julian day 216).
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