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Abstract

The Youngju Dam is currently operated under a plan to supply environmental improvement water for the Nakdong
River's water quality during low water periods, implementing maximum discharge during these periods and minimal
discharge following flood events. As a result, the dam faces challenges in water quality management, particularly due
to the occurrence of algal blooms caused by non—point source pollution from rainfall runoff during the summer. The aim
of this study is to propose an efficient dam operation plan based on dynamic hydraulic and water quality modeling to
mitigate the water quality impacts within the dam, stemming from the excessive pollution sources in the upstream area.
The monthly operation plans for multi-purpose dams in South Korea generally fall into four categories: 1)
uniform discharge type, 2) normal period discharge type, 3) flood period discharge type, and 4) low water
period discharge type. This study evaluates the water quality changes in Youngju Dam under these four discharge
types, including the existing basic plan discharge, using the rainfall events from 2021 as a reference. The
results of the water quality simulation indicated that the flood period discharge method, compared to the existing
basic plan, effectively minimized the occurrence and duration of algal blooms in the dam by promoting the
downstream exclusion of non—point source pollutants introduced by flood period rainfall. Therefore, considering
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the dam's function as an environmental improvement water source, it is necessary to explore ways to increase
discharge volume, at least temporarily, following flood events.
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Table 1. 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 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

Table 2. Model elements of CE-QUAL-W2 model for YoungJu Dam

Water body Branch

Segment

Simulation water quality constituents

2 3 119

T-P, Chl-a, TOC

(38 constituents possible)

Ered s

Side view
e R R B B

Datal wisn
i

Fig. 2. Model grids of CE-QUAL-W2 model for YoungJu
reservoir

Fig. 3. Model inflow boundary conditions (Timeseries data of the
dam inflow and water quality)
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Table 3. Model performance criteria
Statistical index Equation Desired value

N
Mean Absolute Error MAE= % Mo -q)

i=1

Root Mean Suared Error

*@,=Observed value, @ =Simulated value, N=Number of data

Table 4. Dam discharge patterns for river maintenance flow (including the environmental improvement flow)

s Uniform Dry season Mid season Moist season Non-allocated
discharge discharge discharge discharge
Number of dams 16 2 1 1 1

Soyanggang Dam,

Namgang Dam,

Dam Hoengseong Dam angheung Dam Daechung Dam
Yongdam Dam, etc. YoungJu Dam gseong Jang & J
Youngjudam
Jangheungdam

Seyanggangdam

. Andengdam el

o— —— A ——
o qQ, P
N /
Namgangdam

Heengseongdam N i .:,.f’f

Fig. 4. Dam discharge pattern for river maintenance flow

Table 5. Dam operation scenarios for water quality impact assessment

Scenario Scenario summary” Model application

SCE1 B%SIC plan O the pattern according to the basic plan (2009).
discharge
SCE2 Uniform discharge O the pattern of consistent discharge throughout the year. | _ gimulation year © 2021
- Water quality constituents :
SCE3 ]anghcesélegdam O the pattern of increasing discharge during flood periods. TOC, T-P, Chl-a
Namgangdam O the pattern of increasing discharge during low water
SCE4 .
Case periods.

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

Table 6. Dam discharge flow rate by the operation scenarios

Scenario Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
SCE1 4.8 4.8 8.8 14.8 133 11.3 1.7 1.7 L5 1.1 4.8 438
SCE2 6.0 6.0 6.0 6.1 6.2 6.4 6.6 6.6 6.4 6.0 6.0 6.0
SCE3 2.5 2.5 2.5 3.1 3.4 17.5 13.3 15.5 9.2 2.6 2.6 2.5
SCE4 9.1 10.0 8.7 8.0 7.1 1.5 1.7 1.7 4.1 9.9 9.9 9.2
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Table 7. Model performance results for YoungJuDam1 observation point

Shic Performance Temp. DO TOC T-N T-P
criteria (C (mg/L) (mg/L) (mg/L) (mg/L)
MAE 1.1 2.2 0.9 0.245 0.019
YoungJuDam]l
RMSE 1.5 3.0 1.4 0.314 0.023
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Fig. 7. Model calibration results for water quality variables in 2021

Table 8. Monthly simulation results for T-P, Chl-a, and TOC by dam discharge scenarios

(a) Total phosphorus (T-P, mg/L)

Scenario Jan Feb Mar Apr | May | Jun Jul Aug Sep Oct Nov Dec % l\fﬁjﬁge)
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 |  0.056
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 (féof;))
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 (3103;)
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 (3501509/0)

(b) Chlorophyll-a (Chl-a, mg/m’)
. Mean

Scenario Jan Feb Mar Apr | May | Jun Jul Aug Sep Oct Nov Dec @ change)
SCE1 154 | 505 | 296 | 128 | 26 | 38 | 320 | 553 | 159 | 104 | 96 | 229 21.6
SCE2 230 | 525 | 335 | 139 | 30 | 44 | 74 | 32| 315 | 141 | o9 | 21 | 2
SCE3 99 | 257 | 315 | 158 | 32 | 29 | 106 | 481 | 131 | 47 | 54 | 198 (_3165'19%)
SCE4 262 | 450 | 366 | 126 | 27 | 39 | 168 | 594 | 285 | 179 | 127 | 253 (+293£%)

(c) Total organic carbon (TOC, mg/L)
. Mean

Scenario Jan Feb Mar Apr | May | Jun Jul Aug Sep Oct Nov Dec @ change)
SCE1 48 | 59 | 53 | 41 | 29 | 23 | 44 | 57 | 41 | 32 | 28 | 33 40
SCE2 50 | 60 | 54 | 42 | 30 | 24 | 37 | 52 | 45 | 32 | 28 | 33 (+§‘51%)
SCE3 47 | 51 | 52 | 44 | 30 | 25 | 39 | 50 | 38 | 28 | 26 | 32 (_53'53%)
SCE4 51 | 57 | 54 | 40 | 28 | 23 | 39 | 56 | 45 | 35 | 30 | 34 (+§'51%)
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