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Abstract: Domestic multipurpose dams are operated to secure reservoir capacity during the summer
rainy season, supplying domestic water and maintaining environmental flow in downstream rivers
during low-flow periods. This operational approach affects the water quality of downstream rivers.
The aim of this study is to evaluate the impact of monthly planned discharge from Youngju Dam on
the downstream tributaries, NaeseongCheon and the main stream of the Nakdong River.

To achieve this, hydrodynamic and water quality modeling was conducted using the CE-QUAL-W2
model to simulate travel times and changes in water quality parameters. The Time Lagged Cross
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Correlation (TLCC) method was adapted to analyze the correlation between water quality at Youngju

Dam and representative points in the downstream NaeseongCheon and Nakdong River, taking into

account the travel time of the dam discharge.

The analysis revealed a significant water quality correlation between the discharge from Youngju Dam

and the NaeseongCheon monitoring point (Point 5), with correlation coefficients ranging from 0.382

to 0.777. However, the correlation coefficients for water quality between Youngju Dam and the main

stream of the Nakdong River ranged from -0.528 to 0.317, indicating either a very weak or negative

correlation. This suggests that there is no significant correlation between the water quality of Youngju

Dam and the Nakdong River main stream.

The findings indicate that the main objective of constructing Youngju Dam to improve the water

quality of the Nakdong River main stream may not have substantial practical effectiveness. Therefore,

it is essential to review the dam’s operational plans with a focus on improving the water quality of

NaeseongCheon, which is directly affected by the dam, and to conduct further research in this area.

Keywords: YoungJu Dam, NaeseongCheon, Nakdong River, hydrodynamic and water quality modeling,

Correlation analysis, TLCC
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Figure 1. NaeseongCheon and Nak -dong River Watershed
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Table 1. Monthly basic plan discharge of the YoungJu Dam (unit : million m3/s)

Classification Total Jan Feb | Mar | Apr | May | Jun Jul Aug | Sep Oct | Nov | Dec
Monthly total (260"3‘53) 513 | 503 | 915 | 15.03 | 1361 | 1170 | 202 | 205 | 184 | 148 | 514 | 5.13
Domesticand 1 0.34 |5 1 34 | 034 | 034 | 034 | 034 | 034 | 034 | 034 | 034 | 034 | 034
industrial use (10.7)
Agricultural use ?6109) . - - 012 | 022 ] 042 | 055 | 058 | 037 | 0.01 | 001 | -
_ River LBy b s ws | ws [ us | us | us | ns | s | 3|
maintenance use | (35.7)
Environmental | 479 | 5 (05 60 768 | 1354 | 1192 | 981 | - - ) - | 366 | 366
improvement use | (150.9)

Table 2. Current Status of Discharge Patterns for Environmental Flow of Multipurpose Dams

Classification Uniform discharge Low flow Period | Average flow Period | High flow Period Non-distributed
Type dischage Type dischage Type discharge Type Type
Numbers 2 1 1 1
Dams Soyang, Etc. Namgang, Youngju Hoengseong JangHeung Daecheong
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Figure 2. Key Patterns of Multipurpose Dams

Table 3. Monthly Discharge Amounts by Scenarios* (Unit : m3/s)

Classification Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
SCE1 | Basic Plan discharge 48 | 48 | 88 | 148|133 | 3| 17| 17|15 11 | 48 | 48
SCE2 Uniform discharge 60 | 60 | 60 | 61 | 62 | 64 | 66 | 66 | 64 | 60 | 60 | 60
scE 3 | High flow Period discharge | 5\ | o4 | 554 | 307 | 337 | 1750 | 1326 | 1552 | 921 | 255 | 2.55 | 2.54
(Jangheung Dam Ratio)
SCE4 | Low flowPeriod dischage | o\ 1001 g7 | g0 | 70 | 15 | 17 | 17 | 41 | 99 | 99 | 92
(Namgang Dam Ratio)

* Applying the restricted water level (=EL.148.1) from 21st June to 31st July

COMPARISON GF DISCHARGE AMOUNTS BY DISCHARGE PATTERNS COMPARISON OF DI

a) Dischage amounts of SCE1 and SCE2 b) Dischage amounts of SCE1 and SCE3

COMPARISON OF DISCHARGE AMOUNTS BY DISCHARGE PATTERNS

WATER LEVEL CHANGES BY DISCHARGE PATTERNS

C) Dischage amounts of SCE1 and SCE4 d) Water Level Changes of SCE1~SCE4

Figure 3. Comparison of Discharge Amounts & Water level by Discharge Patterns
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Table 4. Model elements of CE-QUAL-W2 model for Youngju Dam, NaeseongCheon and Nakdong River

Study area Water body Branch Segment Simulated water quality constituents
YoungJu Dam 2 3 119
38 constituents
NaeseongCheon 1 1 205 (TOC, TN, TP, etc.)
Nakdong River 9 9 581

3. 43 280 g
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Flgure 6. Model grlds of CE-QUAL-W2 model for Nakdong
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Table 5. Monthly average rainfall of the YoungJu Dam watershed during 2021-2023 (Unit : mm)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
2021 6 10 112 98 153 62 196 233 153 50 37 0 1,110
2022 0 87 41 3 69 145 284 33 45 38 4 749
2023 24 9 26 57 110 283 372 311 192 10 28 90 1,512
3) wo| i A o] Ad TR, 2, et skl A&z et moj Az
Tol A A% AL Oa] 2021~20234 37 g2 EENFCE sl on, LY B Ao et i
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Table 6. Model Calibration Evaluation Indicators by Water Quality Parameter for Each Water Body

Site Indicators Temp. (°C) DO (mg/L) TOC (mg/L) T-N (mg/L) T-P (mg/L)
. MAE 1.1 22 0.9 0.245 0.019
Youngju Dam 1
RMSE 1.5 3.0 14 0314 0.023
MAE 23 0.5 0.7 0.320 0.020
NaeseongCheon 5
RMSE 2.8 0.7 1.0 0.483 0.033
. . MAE 1.3 0.8 0.4 0.230 0.011
Sangju Weir
RMSE 1.6 1.0 0.7 0.296 0.028
. MAE 1.1 1.1 0.7 0318 0.010
Dalsung Weir
RMSE 1.2 1.5 1.0 0.395 0.015
. MAE 1.0 1.3 1.5 0.304 0.017
Haman Weir
RMSE 1.2 1.6 1.8 0.370 0.021
AGo] thE A A B HTh A7 0 = AAL F XA Set2 T/JSHAT. Tracer”] 5 BlHHA =42 7H
W2 ), T AAE 7] A HBAIE Bkl AR sto] Y sto] RS 3sto] g EHo] HEH
Aok, TLCCE 53], 3 W40 s AT AL A = A19S EDAItHTravel Time) ©. 2 Beks
Ae FiL e Ho W3l FaFe vl A= Aol ojct.
A 8otk ol g FAAL Holelb Aot f4F Ao $9E Lol NS Utz o
SHAl &2 ol=A] H7HRith H R ET 5 obd 9] 8 A7) mEAITRS
A od BRARE 1Fsl] FEE A mestel 4BE B4L B8 7|l Bolstech
FANRE VIO R Daa St TS ATAS  AuEA B4 YR HL A GFE nefsh]
S APFst AT AEA 2 A 542 ofHl 4 3 At PAH TR WA HAR), 9457 dRols
2t FFE AL, 23 & olF GAE AA, 71 EAIE
o Al AN ERAH A AU EAH S 24 B
2 (=X) (i—y) _
- oz st
MZI (G —x)’ 21 0=y
. A3 9 18
o] 7| A, r-& AFA 4= (correlation coefficient), x= x _
_ = 1. " UF ALY SFY WRso| +2HS
W0 A g xex fee] Bt ye y M| A S| 77}
—] Lo
27y 859 W ne )1 AR Afoleh, -
7 LAY WAl 2 T PR 5
H ] did - =
2) B4 v 2 11 O] ATH= Table 7, Figure 801 A Al5H% . A3
B LAY WAol 2 JFRe AT o R AEW SCE3Y B9, 71 EA PR
Y7 FAAH Y Aot AL I €191 SCE 13} H]| 1.5}0] Chl-a®] ¥ 7t 7.7mg/m?, TOC
O WA 2 B il A] 3 o] =2 Hstof] dfsfAf Al O] B 0.2mg/L7} A B = A0 & KO
A LA Ql AFo]E 1125} TLCC(Time Lagged Cross
Correlation) 7| & &85} =S vl Ao}
k.

A A LA Q] Aol = CE-QUAL-W29] Tracer”’| 5=
g-8&-510] 7} Case’ =H AR AP 510] 7} H] 1 Data

2. B WE AlLt2IoH LA 5 simstdl Susal
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Table 7. Simulation Results of Monthly Water Quality of Youngju Dam discharged Water by Scenarios

a) T-P (mg/L)

Scenario | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Average

SCE1 | 0.040 | 0.039 | 0.037 | 0.063 | 0.053 | 0.031 | 0.036 | 0.054 | 0.086 | 0.073 | 0.062 | 0.058 | 0.053

SCE2 | 0.040 | 0.039 | 0.037 | 0.046 | 0.064 | 0.041 | 0.089 | 0.075 | 0.091 | 0.078 | 0.069 | 0.055 | 0.060

SCE3 | 0.040 | 0.040 | 0.037 | 0.046 | 0.055 | 0.038 | 0.060 | 0.078 | 0.101 | 0.071 | 0.064 | 0.053 | 0.057

SCE4 | 0.039 | 0.036 | 0.037 | 0.065 | 0.065 | 0.039 | 0.076 | 0.072 | 0.091 | 0.082 | 0.067 | 0.058 | 0.061

b) Chl-a (mg/m?)

Scenario | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Average

SCE 1 12.3 41.1 33.6 219 2.7 43 57.6 78.6 22.6 152 9.4 9.4 25.7

SCE2 | 220 | 495 377 20.8 3.8 53 7.2 68.9 524 | 254 10.6 7.4 25.8

SCE 3 25 5.7 36.9 235 4.0 2.7 20.7 75.5 26.0 8.4 3.8 42 18.0

SCE4 | 257 36.2 41.2 23.1 29 3.6 29.6 87.6 39.7 26.6 13.5 12.6 28.6

¢) TOC (mg/L)

Scenario | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Average

SCE 1 4.7 5.5 5.7 4.9 33 23 4.7 6.7 4.5 37 3.1 3.0 43

SCE2 4.9 5.8 5.7 5.1 3.6 2.6 35 5.7 5.5 4.0 33 32 4.4

SCE 3 45 44 53 52 3.7 2.6 4.0 5.8 4.5 33 3.0 3.0 4.1

SCE 4 4.9 54 5.8 4.8 32 2.5 4.2 6.8 52 4.2 34 32 4.5

COMPARISON OF T-P CONCENTRATIONS BY SCENARIOS
AT THE YOUNGJU DISCHARGE

COMPARISON OF CHL-A CONCENTRATIONS BY SCENARIOS
AT THE YOUNGJU DISCHARGE

COMPARISON OF TOC CONCENTRATIONS BY SCENARIOS
AT THE YOUNGJU DISCAHRGE

Figure 8. Simulation results for T-P, Chl-a, and TOC at Youngju Dam discharge point.
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Table 8. Simulation Results of Monthly Water Quality of NaeseongCheon 5point by Scenarios

a) T-P (mg/L)

Scenario | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Average
SCE1 | 0.046 | 0.041 | 0.041 | 0.052 | 0.061 | 0.050 | 0.077 | 0.080 | 0.110 | 0.074 | 0.053 | 0.042 | 0.061
SCE2 | 0.046 | 0.037 | 0.043 | 0.049 | 0.060 | 0.055 | 0.080 | 0.083 | 0.120 | 0.074 | 0.059 | 0.044 | 0.063
SCE3 | 0.045 | 0.047 | 0.049 | 0.050 | 0.058 | 0.051 | 0.078 | 0.087 | 0.122 | 0.072 | 0.054 | 0.038 | 0.062
SCE4 | 0.046 | 0.040 | 0.041 | 0.053 | 0.065 | 0.057 | 0.080 | 0.085 | 0.121 | 0.077 | 0.060 | 0.047 | 0.065

b) Chl-a (mg/m?)

Scenario | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Average
SCE 1 1.5 11.7 14.2 4.7 14 1.8 7.8 227 4.8 1.5 3.0 3.6 6.6
SCE 2 1.9 154 11.9 2.9 1.3 2.8 32 9.3 6.1 6.1 43 34 5.7

SCE 3 1.5 2.6 5.5 32 1.5 2.0

4.9 17.3 42 2.1 23 2.1 4.1

SCE 4 32 129 13.4 4.0 14 1.7 5.0 13.8 37 73 59 55 6.4
¢) TOC (mg/L)
Scenario | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Average

SCE 1 23 3.1 39 35 2.9 24

2.9 3.7 33 23 22 22 2.9

SCE2 2.4 35 3.6 3.1 2.7 2.6

2.9 3.1 32 2.7 24 24 2.9

SCE 3 2.1 24 29 3.1 2.9 2.6

3.1 3.7 32 24 2.1 2.0 2.7

SCE 4 2.7 3.6 39 32 2.7 24

2.9 32 3.1 29 2.6 2.5 3.0

Table 9. Simulation Results of Monthly Water Quality of Sangju Weir by Scenarios

a) T-P (mg/L)

Scenario | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Average
SCE1 | 0.025 | 0.022 | 0.028 | 0.048 | 0.050 | 0.028 | 0.039 | 0.041 | 0.055 | 0.030 | 0.023 | 0.021 | 0.034
SCE2 | 0.025 | 0.022 | 0.028 | 0.047 | 0.048 | 0.029 | 0.042 | 0.044 | 0.055 | 0.033 | 0.025 | 0.021 | 0.035
SCE3 | 0.023 | 0.022 | 0.028 | 0.048 | 0.048 | 0.030 | 0.042 | 0.046 | 0.056 | 0.031 | 0.023 | 0.019 | 0.035
SCE4 | 0.026 | 0.023 | 0.029 | 0.048 | 0.049 | 0.027 | 0.041 | 0.041 | 0.054 | 0.035 | 0.028 | 0.024 | 0.035

b) Chl-a (mg/m?)

Scenario | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Average
SCE1 | 246 | 257 27.6 13.7 39 33 43 7.6 3.7 3.0 5.1 8.8 10.9
SCE2 | 248 233 279 12.6 39 35 39 52 3.6 42 5.6 8.5 10.5
SCE3 | 23.1 252 28.1 12.6 39 33 42 8.4 32 32 5.0 8.4 10.7
SCE4 | 248 289 29.7 13.7 4.0 33 42 5.7 29 45 5.6 8.9 11.3

¢) TOC (mg/L)

Scenario | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Average
SCE 1 3.6 3.5 4.1 37 33 3.6 3.8 35 33 2.8 2.7 2.8 34
SCE 2 3.6 35 4.1 3.6 33 3.6 3.8 34 32 2.8 2.7 2.8 34
SCE 3 35 34 4.0 3.6 34 3.6 3.8 35 32 2.8 2.7 2.7 34
SCE 4 3.6 37 42 37 33 37 3.8 34 32 29 2.7 2.8 34

8~Table 110 Z+Z} YeRY %] 01, Z} 2] of] Tt 3} T-P,
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Table 10. Simulation Results of Monthly Water Quality of Dalsung Weir by Scenarios

a) T-P (mg/L)

Scenario | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Average
SCE1 | 0.034 | 0.037 | 0.043 | 0.040 | 0.039 | 0.045 | 0.076 | 0.070 | 0.087 | 0.048 | 0.035 | 0.028 | 0.048
SCE2 | 0.034 | 0.037 | 0.043 | 0.041 | 0.037 | 0.045 | 0.075 | 0.070 | 0.086 | 0.048 | 0.035 | 0.029 | 0.048
SCE3 | 0.034 | 0.037 | 0.044 | 0.041 | 0.037 | 0.045 | 0.075 | 0.070 | 0.086 | 0.049 | 0.035 | 0.028 | 0.049
SCE4 | 0.034 | 0.037 | 0.042 | 0.041 | 0.038 | 0.046 | 0.074 | 0.070 | 0.087 | 0.048 | 0.036 | 0.030 | 0.049

b) Chl-a (mg/m?)

Scenario | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Average
SCE1 | 232 17.3 312 | 423 243 14.1 13.5 54.0 8.6 6.9 342 30.7 25.1
SCE2 | 233 174 | 315 | 437 | 233 14.4 14.8 51.6 8.6 7.1 36.1 324 254
SCE3 | 23.1 172 | 319 | 439 | 236 13.8 134 | 529 8.7 6.8 34.9 31.1 252
SCE4 | 235 174 | 313 | 441 237 14.8 154 | 543 82 6.8 375 344 26.0

¢) TOC (mg/L)

Scenario | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Average
SCE 1 59 6.1 5.6 55 4.8 42 49 6.2 4.1 37 4.0 4.1 49
SCE2 59 6.1 5.6 5.6 4.8 42 49 6.1 4.1 3.6 4.1 42 49
SCE 3 59 6.2 5.8 55 4.7 4.1 49 6.1 4.1 37 4.0 42 49
SCE 4 59 6.0 5.5 5.6 4.8 42 4.9 6.2 4.1 3.6 4.1 43 4.9

Table 11. Simulation Results of Monthly Water Quality of Haman Weir by Scenarios

a) T-P (mg/L)

Scenario | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Average
SCE1 | 0.028 | 0.027 | 0.032 | 0.037 | 0.032 | 0.043 | 0.087 | 0.073 | 0.085 | 0.050 | 0.035 | 0.026 | 0.046
SCE2 | 0.028 | 0.027 | 0.032 | 0.037 | 0.032 | 0.042 | 0.086 | 0.073 | 0.086 | 0.049 | 0.035 | 0.026 | 0.046
SCE3 | 0.028 | 0.027 | 0.031 | 0.037 | 0.032 | 0.042 | 0.087 | 0.072 | 0.086 | 0.050 | 0.035 | 0.026 | 0.046
SCE4 | 0.029 | 0.027 | 0.032 | 0.037 | 0.032 | 0.043 | 0.086 | 0.072 | 0.086 | 0.049 | 0.035 | 0.027 | 0.046

b) Chl-a (mg/m?)

Scenario | Jan Feb Mar Apr | May Jun Jul Aug Sep Oct Nov Dec | Average
SCE1 | 232 14.6 22.0 382 21.0 17.6 16.9 54.7 17.3 15.5 30.6 335 255
SCE2 | 233 14.6 21.8 38.1 213 17.7 184 55.0 17.6 153 31.2 33.7 25.8
SCE3 | 234 14.5 21.6 384 214 172 16.5 53.9 17.8 15.1 31.0 33.8 255
SCE4 | 232 14.7 21.8 38.1 214 18.2 184 57.3 17.3 14.9 313 33.8 26.0

¢) TOC (mg/L)

Scenario | Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Average
SCE 1 5.1 4.8 4.8 5.0 4.5 4.5 5.2 6.4 45 42 39 44 48
SCE 2 5.1 4.3 4.7 5.1 4.6 4.5 52 6.3 4.5 42 39 44 4.8
SCE 3 5.1 4.8 4.7 5.1 4.5 44 52 6.3 4.5 42 39 44 4.8
SCE 4 5.1 49 4.7 5.1 4.6 45 52 6.5 45 42 39 44 4.8
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COMPARISON OF T-P CONCENTRATIONS BY SCENARIOS AT THE NAESEONGCHEONS

COMPARISON OF CHL-A CONCENTRATIONS BY SCENARIOS AT THE

NAESEONGCHEONS

a) NaeseongCheon 5

COMPARISON OF T-P CONCENTRATIONS BY SCENARIOS AT THE DALSUNG WEIR

| \,J\/\,__M

COMPARISON OF TOC CONCENTRATIONS BY SCENARIOS AT THE DALSUNG WEIR

¢) Dalsung Weir

COMPARISON OF T-P CONCENTRATIONS BY SCENARIOS AT THE SANGIU WEIR

LR NN T

COMPARISON OF CHL-A CONCENTRATIONS BY SCENARIOS AT THE SANGIU WEIR

b) Sangju Weir

COMPARISON OF T-P CONCENTRATIONS BY SCENARIOS AT THE HAMAN WEIR

COMPARISON OF TOC CONCENTRATIONS BY SCENARIOS AT THE HAMAN WEIR

d) Haman Weir

Figure 9. Simulation results for T-P, Chl-a, and TOC at the representative locations in NaeseongCheon 5 and Nakdong River
(Sangju, Dalsung, and Haman weir)

Table 12. Travel time at the downstream locations along the dam discharge scenarios (unit : days)

Scenarios

YoungJu Dam

NaeseongCheon

Sangju weir

Dalsung weir

Haman weir

SCE 1

12

16

72

91

SCE 2

11

15

70

90

SCE 3

15

21

79

96

SCE 4

8

12

64

86
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Table 13. TLCC analysis dataset for T-P under Scenario 1 (unit : days, mg/L)

YoungJu Dam NaeseongCheon Sangju weir Dalsung weir Haman weir
Day T-P Day T-P Day T-P Day T-P Day T-P
1 0.040 12 0.037 16 0.022 72 0.038 91 0.035
2 0.040 13 0.038 17 0.022 73 0.039 91 0.035
365 0.034 365 0.022 365 0.028 365 0.025
Number of Data 354 350 294 275

Table 14. Correlation coefficient between the water quality constituents by dam operation scenarios

Classification YoungJu Dam NaeseongCheon 5 Sangju weir Dalsung weir Haman weir
T-P - 0.382 0.048 -0.387 -0.174
SCE 1 Chl-a - 0.777 0.108 -0.441 -0.379
TOC - 0.777 0317 -0.528 -0.429
T-P - 0.600 0.041 -0.108 -0.226
SCE 2 Chl-a - 0.553 0.109 0.029 0.124
TOC - 0.758 0.217 -0.305 -0.212
T-P - 0.586 0.133 -0.326 -0.365
SCE 3 Chl-a - 0.384 -0.211 -0.352 0.125
TOC - 0.604 0.199 -0.399 -0.092
T-P - 0.625 0.144 -0.126 -0.079
SCE 4 Chl-a - 0.636 0.122 -0.225 -0.226
TOC - 0.739 0.247 -0.444 -0.519
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Table 15. 8 large weirs in Nakdong River

Confents Sang]u Nakdan Gurpl Ch11gpk Gang]gong Dalsgng Hapcheon Haman Total
weir weir weir weir weir weir Weir weir

Operational

water level 47.0 40.0 325 25.5 19.5 14.0 10.5 5.0

(EL.m)

Storage 274 347 527 753 923 58.6 70.0 1009 | 5119
(million m?)

Lower limit

water level 43.6 374 22.6 24.5 14.9 6.6 2.3 1.5

(EL.m)

Storage 124 21.0 26 62.0 35.1 6.6 5.9 4.6 188.2
(million m?)
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