0545fched(245~262) (Fig. 9)ok.axp_8428-3 2019 2019. 7. 2. 9.%" 10:23 H|0|X| 245

htt

AT} Vol. 28, No. 3(2019), pp.245~262  J. Environ. Impact Assess. 28(3): 245~262(2019) ISSN 1225-7184
ttps://doi.org/10.14249/eia.2019.28.3.245

Research Paper

U574 AADE $91A5 Lo G2 52 WEEY B
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Abstract: The objectives of this study were to construct a three-dimensional water quality model
(EFDCQ) for the river reach between Chilgok Weir and Gangjeong-Goryong Weir (GGW) located in
Nakdong River, and evaluate the effect of hydraulic changes, such as water level and flow velocity,
on the control of water quality and algae biomass. After calibration, the model accurately simulated
the temporal changes of the upper and lower water temperatures that collected every 10 minutes, and
appropriately reproduced changes in organic matter, nitrogen, phosphorus, and cyanobacteria.

However, the simulated values were overestimated for the diatoms and green algae cell density,
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possibly due to the uncertainties of the parameters associated with algae metabolism and the lack of

zooplankton predation function in the simulations. As a result of scenario simulation of running the
water level of GGW from EL. 19.44 m to EL. 14.90 m (4.54 m drop), Chl-a and algae cell density
decreased significantly. In particular, the cyanobacteria on the surface layer, which causes algal bloom,

declined by 56.1% in the low water level scenario compared to the existing management level. The

results of this study are in agreement with the previous studies that maintenance of critical flow

velocity is effective for controlling cyanobacteria, and imply that hydraulic control such as decrease of

water level and residence time in GGW is an alternative to limit the overgrowth of algae.

Keywords : Algal Bloom, Cyanobacteria, Nakdong River, Water Level, Weir
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Figure 1. Location of study site, and numerical grid system from Chilgok weir to Gangjeong-Goryong weir.
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Table 1. Calibrated model parameter values for each algae group

Parameter Cyanobacteria Diatom Green Units
Maximum Growth Rate 2.5 2.5 2.5 /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 2.64E-07 1.79E-06 2.32E-06 ug/cells
Carbon : Chlorophyll 0.025 0.025 0.025 mgC/ugA
Background Light Extinction coefficient 0.305 /m
Light Extinction due to Chlorophyll 0.010 /m per mg/L
Chlorophyll Light Extinction Exponent 1 -
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Figure 2. Temporal variations of surface and bottom water temperature along with river
discharge from May to November, 2017.
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Figure 4. Comparison of simulated water temperatures with observed high-frequency temperature data at (a) upper layer

and (b) lower layer in Gangjeong-Goryong Weir.
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Table 2. Error analysis between simulated results and observed data

Error analysis
Items
AME RMSE
Water temperature (°C) 0.9 1.1
DO (mg/L) 22 2.8
TOC (mg/L) 0.769 0.902
TP (mg/L) 0.015 0.025
Water quality PO4+-P (mg/L) 0.007 0.011
TN (mg/L) 0.203 0.276
NOs-N (mg/L) 0.183 0.258
NHs-N (mg/L) 0.049 0.060
Chl-a (mg/m?) 6.54 8.06
Cyanobacteria (cells/mL) 14,988 22,928
Algae -
Diatom (cells/mL) 3,630 5,585
Green Algae (cells/mL) 7,405 9,416




27 10:23 H0|X| 252

Z428-3.2019 2019. 7. 2.

=

3

‘ 058t ed (245~262) (Fig. 9)ok.gxp._

7t M28H 32

2 BEBEE

25

20

wn o w0
- -
(7/6w)usbAxQ paajossig
5
o}
Uz
=X
28%
S
S QO
EZZ
»n OO
X
T T T
o o o
™ N -

(0. )einjesadwsa] Jsrepp

MONTH

MONTH

(b)

(@)

0.20

T
o
-

0.15

o

(/bw)d L

0.05

(/6w)o0L

MONTH

MONTH

@

©

(BW)NL

0.10

08

0

T
<
=
o

0.06

(7/6w) d-"0d

0.02

MONTH

MONTH

®

©

(7/B6w)N-"HN

o)
F-
=
<<
F=
-

(7/6w)N-fON

MONTH

MONTH

(h)

(&

Figure 5. Comparison of simulated water temperature and water quality concentration with observed data (ME, K-water).



0545fched(245~262) (Fig. 9)ok.axp_8428-3 2019 2019. 7. 2. 9.%" 10:23 H|0|X| 253

HIIOT - S - 4T BNG

HE5d dYuZE +olxst 20 HE +E HEEY 24 253

40
— simulated
©  observed (ME)
A &
o~ 30 observed (K-water) "
E
o
E 20
P °
s o
($) 10
0 T
J
90000
75000
-
£ 60000 -
2
©
L 45000
£
o
© 30000 A
(a]
15000 - . J’\
o 2 a
o °o.,° o_© o & o
0 e e BN B o rwgﬂ T
J FMAMUJ J A S ONDJ

90000

75000 -

60000 -

45000 -

30000

Cyanobacteria(cells/mL)

15000 -

90000

75000 -

60000 -

45000 -

30000

Green algae(cells/mL)

15000 -

J J A S ONDJ
MONTH

@

J FMAM

Figure 6. Comparison of simulated chl-a and cell density of each algae group with observed data (ME, K-water).

Yolge} EFDC mdl 449z Bolans 4 4

juj

(Table 2).

A OT BOgEe A2 523} 5

A HEE

Z]
=
1 2FPEEE AMESF RMSE 225 APgsolct

3
2 23| st R A5A

fox]
S
29} mulo) 9 ABA AT}, 2L AME 0,9,

’

o C
RMSE 11T 24 & BAo] 2Hs] o]Fo] I A
o2 Bt ek, DOQ) AMEE 2.2 mg/L, RMSE
2.8 mg/L S 2H HH-o| AE5ghs B E 7t 5=
AS 2ot -9 DOE th7|9ke) 7| e, &
713 A0 4k}, BAE Akag ey, dea

of 4

40

O

B
U 55 5 o9 e 3o ola) w

Fen, B 2 7% 5o Do Ak A3t

o8 ol § F&o a5 T Aol HE

[

of

grolt}, TOC+= AME 0.769 mg/L, RMSE 0,902

mg/L 2 A& Ad3 Adstglon, AdAY
(TP, POs—P) 3Eo]| 4= AME 0,015, 0,007 mg/L,
RMSE 0,025, 0,011 mg/L 2 TP g-=oj| A A2z}

of thel BB 7bE o, A MEEAES AE
51| ukedslar ek, A4A9(TN, NOs—N, NHi—N)
o A= AME 0,203, 0,183, 0,049 mg/L, RMSE
0.276. 0.258, 0.060 mg/L, 2 A=< A Q57
2 st

A% Chl-a®t 27 #HE AZ & des= AA
& W50l Wi A Yekktal, GF 7|7kl 29
He Ao "7 24 veEkT Chl-a,
Cyanobacteria, Diatom, Green algae -=of thgt
92} BAZ-E AME 6.54 mg/m?, 14,988, 3,630,
7,405 cells/mL, RMSE 8,06 mg/m?, 22,928, 5,585,
9,416 cells/mLE EAE T} AR 7} 4%
F7F 9Aska, AFH sxRet dE2FIE A
o Al 25 BTt sk 27 dEE Hole
/42 A4ds| Akt sHARE, Diatom A|E 4

woll AA| gt 2 Aolg Bilon, s27e A

71kl AH Agract mejgro] A A Egrt,
27 TU AE F 59 07 A9 BT B



0545fched(245~262) (Fig. 9)ok.axp_8428-3 2019 2019. 7. 2. 9.%" 10:23 H|0|X| 254

254  HBIYEI H28H HM3S

O, ghshd AETH AT 8] g3 o243 B 249 Bl T2 42, +3 HEEN

AL dAz Aol AR S0 B AT R 96 2012 shak 24 sto] we) 2
A8, IR SESHASA AT XN BFE L yyme) wpEye BASI NRAEE 2
sholA] ke A Tofl 7113k Ao s F5Hr) £7], TEH 9500 m A-(W2)LE shgon, e
dxFet @2 shol FEF B2FE TEE w24 Pug woAnE 77t gEwa A
Fazo] ogt 240 o) stFxd(top—down o 9zt W E2WAL % Changedto 2 7]
control) o] W% 2 540] Yth(Chapraetal.  zEALAS A GG CHTable 3), T12]3 B 29
2017). & AFolM = AR REOR FEETT 29 wislo] 2 221} 28 A X 4 UE H3lo
=5 UAARE TP XAt AER 2 EAY fo4S ] U8 41 FEY B4
5 o] gt 271A 90 B dAf A A (Normality test)S 8 A 2L S 1S 0}
Hold A 5o 279 FEEYAE WA A7t I3 3 AFEELE BESHE A9 T—test, WEd}
A== AP o folrt, B Aol 8 =X A] ok AL v 42 A] 7] el Wilcoxon signed—

=

1 rank test® 2}o]E BH7}5l9tHTable 4, 5). E A
T H3to] ARl vt HAolung FAf HAH A0 2 H 4=9] Wglo|| w2 7} =4 §E O] Z7}

29 Agahr] 27t glrka o, of 72 ZA1S sholal] 18 AAE T 24

Table 3. Basic statistics analysis of simulation results according to operational water level of the weir

Item Water level Min Max Median Average Std.dev % Change
EL. 19.44m 124 286 243 230 42 -
“{Z‘E";" EL. 18.25m 12.3 287 243 23.1 42 0.0
EL. 14.9m 123 300 245 234 40 07
EL. 19.44m 50 135 92 91 20 -
(H?g(/)L) EL. 18.25m 50 137 93 92 21 10
EL. 14.9m 53 118 77 79 12 2158
EL. 19.44m 191 6.77 378 390 1.05 -
TOC 5 1825m 202 691 384 398 1.03 16
(mg/L)
EL. 149m 1.83 543 319 345 0.86 2158
EL. 19.44m 0.0033 0.0973 0.0180 0.0284 0.0246 -
(mgL) EL. 18.25m 0.0032 0.0979 0.0184 0.0291 0.0250 20
EL. 149m 0.0132 0.0992 0.0331 0.0409 0.0232 83.4
EL. 19.44m 0.0001 0.0436 0.0004 0.0055 0.0097 -
(Ir’n (;LP) EL. 18.25m 0.0001 0.0452 0.0004 0.0056 0.0099 07
EL. 149m 0.0102 0.0483 0.0151 0.0207 0.0104 32523
EL. 19.44m 1478 2876 2275 2302 0281 -
(m?L) EL. 18.25m 1424 2876 2242 2286 0281 14
EL. 14.9m 1457 2874 2254 2275 0278 09
EL. 19.44m 0.697 2326 1.624 1618 0281 -
?;?g*/g EL. 1825m 0.650 2325 1.602 1.602 0276 14
EL. 14.9m 0.687 2334 1.664 1.633 0286 24
EL. 19.44m 0.034 0.290 0.108 0.117 0.056 -
?E;g EL. 1825m 0.029 0289 0.098 0.109 0.057 89
EL. 14.9m 0.072 0313 0.148 0.148 0.052 380
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Table 3. Continued
Item Water level Min Max Median Average Std.dev % Change
EL. 19.44m 0.49 19.13 6.57 7.46 4.55 -
(£2}$3) EL. 1825m 0.50 2067 6.58 779 481 0.1
EL. 14.9m 0.05 6.67 221 241 1.63 -66.4
EL. 19.44m 440 57,971 5,765 12,836 14,689 -
Cyano EL. 1825m 685 72,484 8334 15,959 18,034 446
(cells/mL)
EL. 149m 19 36,505 3,024 6,479 8,576 -47.5
EL. 19.44m 153 57,970 6,640 13,550 15,334 -
(s(ljli/?anc(::) EL. 18.25m 212 72,747 9,538 16,500 18456 437
EL. 14.9m 10 35,771 2913 6,424 8,607 -56.1
EL. 19.44m 78 16,973 2,048 4,194 4,581 -
Diatom
EL. 18.25m 63 18,352 2,079 4,190 4,689 1.5
(cells/mL)
EL. 14.9m 18 7,057 1,533 1,845 1,450 -25.1
EL. 19.44m 196 20,321 4,334 5,281 4,446 -
Green EL. 1825m 271 22,031 4527 5,644 4721 45
(cells/mL)
EL. 149m 16 6,134 1,021 1,315 1,227 -76.4
Table 4. Normality and Wilcoxon signed-rank test, and median difference of water quality variables
I Wilcoxon signed-rank test” Wilcoxon signed-rank test”
ems
p-value median difference p-value median difference
Wtemp -0.01°C -0.16°C
DO 0.10 mg/L 1.46 mg/L
TOC -0.060 mg/L 0.596 mg/L
TP -0.0004 m -0.0151 m,
p<0.05 gL p<0.05 gL
PO4+-P 0.000004 mg/L -0.0147 mg/L
N 0.033 mg/L 0.021 mg/L
NOs-N 0.022 mg/L -0.040 mg/L
NHs-4 0.0095 mg/L -0.0409 mg/L

3 test between water level EL.19.44m vs. EL.18.25m
b test between water level EL.19.44m vs. EL.14.90m

Table 5. Normality and Wilcoxon signed-rank test, and median difference of algae and flow velocity

Jtems Wilcoxon signed-rank test Wilcoxon signed-rank test”
p-value median difference p-value median difference
Chl-a -0.0062 mg/m3 4.3655 mg/m3
Cyanobacteria -2,569 cells/mL 2,741 cells/mL
Cyanobacteria (surface_mid) p<005 -1,258 cells/mL 8,092 cells/mL
Cyanobacteria (surface_down) -2,899 cells/mL 3,727 cells/mL
Diatom 0.7728 -32 cells/mL 515 cells/mL
Green Algae -193 cells/mL p<005 3,313 cells/mL
Velocity (depth average mid) -0.005 m/s -0.046 m/s
Velocity (depth average down) p<0.05 -0.004 m/s -0.034 m/s
Velocity (surface mid) -0.008 m/s -0.044 m/s
Velocity (surface down) -0.006 m/s -0.039 m/s

2 test between water level EL.19.44m vs. EL.18.25m
b test between water level EL.19.44m vs. EL.14.90m
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Figure 7. Comparison of water temperature and water quality concentration according to operation water level scenario
of the weir.
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Figure 8. Comparison of chl-a and cell density of each algae group according to operation water level scenario of

the weir.
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Table 6. Changes of flow velocity at mid-stream and downstream according to the operation water level scenario

Scenario Statistical index Mid stream (m/s) Down stream (m/s)
Min 0.0020 0.0007
Type 1 Max 0.2529 0.2778
Average 0.0429 0.0483
Min 0.0020 0.0011
Max 0.3132 0.3396
Type 2
Average 0.0533 0.0577
% Change 24.3% 19.5%
Min 0.0059 0.0042
Max 0.6147 1.1507
Type 3
Average 0.1265 0.1312
% Change 195.1% 171.8%
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Figure 9. Spatial distribution of cyanobacteria biomass as carbon unit at water surface according to the operation water
level scenario of the weir on (a) 2017-06-04 (julian day 155), (b) 2017-08-04 (julian day216), (¢) 2017-10-27 (julian

day 300).
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Figure 10. Temporal variations of cyanobacteria biomass as carbon unit at water surface according to the operation water
level scenario of the weir at (a) middle point (A1) and (b) downstream point (A2).
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