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Abstract: This study aims to quantitatively analyze the characteristics of pollutant loads in the
upstream region of the Namgang Reservoir using integrated water quantity and quality monitoring
data. Automatic measurement equipment was installed at key tributaries to collect hourly data on
discharge and total phosphorus (T-P) concentrations. Based on the collected data from 2023 to 2024,
daily average pollutant loads were calculated. The results revealed a clear trend of higher pollutant
loading during the summer and flood seasons, with the Imcheon site showing the highest loading
and delivery rate. Non-point sources accounted for approximately 85% of the total pollutant loads,
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emphasizing the need for effective land use and livestock waste management in the watershed.

Additionally, a Load Duration Curve (LDC) analysis identified specific flow ranges and periods when

water quality standards were exceeded. These findings provide critical baseline data for scientific

water quality management and the development of pollution reduction policies in the Namgang

watershed.

Keywords: Namgang reservoir, integrated water quantity and quality monitoring, pollutant load, non-
point source pollution, load duration curve
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Figure 1. Location of monitoring station (a) and monthly variation of BOD (b), T-N (c), T-P (d) concentrations averaged over
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(a) External spaces

(b) Internal spaces

1. RoboChemA4-TP

2. Approval date: 2020.1.14.
3. Ascorbic acid reduction
4. Range: 0~10mg/L

5. Interval: 1Thour

(c) T-P instrument

Figure 3. A view of external (a) and internal (b) monitoring station, and T-P auto monitoring systems (c).
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Table 1. Distribution of flow rates with hydrologic condition between 2023 and 2024.
Station MG DC YC (U) YC (D) IC
Contents 2023 2024 2023 2024 2023 2024 2023 2024 2023 2024
Precipitation (mm) 2,268 1,861 2,349 1,752 1,883 1,525 1,945 1,443 1,683 1,275
High flows (m/s) 488.8 | 232.6 89.1 50.0 35.1 15.1 121.1 52.6 162.4 76.5
Moist conditions (m?/s) 66.3 512 16.5 12.8 2.1 2.0 132 8.6 185 143
Mid-range (m’/s) 17.7 23.8 4.8 53 0.3 0.7 2.6 33 5.5 6.4
Dry conditions (m?/s) 9.6 15.4 2.5 32 0.1 0.3 1.1 2.1 35 43
Low flows (m?/s) 5.0 9.2 12 1.8 0.1 0.1 0.3 14 1.4 2.7
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Figure 4. Flow duration curve of Namgang upper stream between 2023 (a) and 2024 (b).
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Table 2. Summary of annual and seasonal average T-P concentrations.
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Station MG DC YC (U) YC (D) IC

Contents 2023 | 2024 | 2023 | 2024 | 2023 | 2024 | 2023 | 2024 | 2023 | 2024

Spring ML) | 017 | 0037 | 0023 | 0034 | 0039 | 0044 | 0026 | 0031 | 0032 | 0061
(Mar.~May)

Summer (mg/L) | 047 | 0066 | 0027 | 0021 | 0050 | 0092 | 0067 | 0074 | 0052 | 0.108
(Jun.~Aug.)

Autumn (L) | 656 | 0030 | 0021 | 0026 | 0025 | 0037 | 0025 | 0054 | 0046 | 0061
(Sep.~Nov.)

Winter mgL) | o611 | 0024 | 0015 | 0024 | 0021 | 0027 | 0034 | 0047 | 0020 | 0029
(Dec.~Feb.)

Annual (mg/L) | 0.028 | 0039 | 0022 | 0026 | 0034 | 0050 | 0038 | 0052 | 0043 | 0.065
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Figure 5. Results of T-P auto monitoring systems during the 2023 (left) and 2024 (right).
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Figure 7. The delivery load (a) and seasonal distribution ratio (b (2023), ¢ (2024)) of each monitoring station.
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Table 3. Summary of delivery ratio and delivery density during the 2023 and 2024.
Station MG DC YC(U) YC (D) IC
Contents 2023 | 2024 | 2023 | 2024 | 2023 | 2024 | 2023 | 2024 | 2023 | 2024
Delivery ratio (%) 311 | 265 | 407 | 305 | 69.6 | 513 | 69.1 | 329 | 1459 | 826
Delivery density (kg/km?-day) | 0.107 | 0.091 | 0.108 | 0.081 | 0239 | 0.176 | 0217 | 0.104 | 0.439 | 0.249
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Figure 8. Results of Load Duration Curve during the 2023 (left) and 2024 (right).
Table 4. Exceedance rate of target water quality according to flow conditions between 2023 and 2024.
Station MG DC YC (U) YC (D) IC
Contents 2023 2024 2023 2024 2023 2024 2023 2024 2023 2024
High flows (%) 89.2 78.4 16.2 29.7 75.7 83.8 100.0 89.2 86.5 86.5
Moist conditions (%) 349 48.6 0.9 239 459 57.8 39.4 56.0 532 70.6
Mid-range (%) 0.0 27.0 0.0 13.5 233 35.1 30.1 58.1 12.3 55.4
Dry conditions (%) 0.0 229 1.8 9.2 15.5 239 23.6 57.8 10.9 44.0
Low flows (%) 0.0 35.1 0.0 0.0 5.6 29.7 11.1 70.3 19.4 91.9
Annual (%) 19.5 383 2.5 15.6 31.2 429 36.2 61.7 323 63.4
Z-gsto] FopA&Ae Aot (Figure 8). 31 A7 R e HA T o Q=g Adol itk
A& BH(7]E) +ES AHo6kL, 2o e 7 ol A AR Hie} o] & Aol A= 0.04mg/LE
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Figure 9. Results of seasonal excess ratio from LDC and standard T-P concentration during the 2023 (top) and 2024 (bottom).
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