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Abstract

A long-term resuspension of small particles, called persistent turbidity, is one of the most important water quality concerns in
the dam reservoirs system located in North Han River. Persistent turbidity may incur aesthetic nuisance and harmful effect on

the ecosystem health, in addition to elevated water treatment costs for the drinking water supply to the Seoul metropolitan

area. These sufferings have been more intensified as the strength and frequency of rainfall events increase by climate change in

the basin. This study was to analyze the effect of an extreme turbidity flow event that occurred in 2006 on the serial reservoirs
system (Soyang-Uiam-Cheongpyung-Paldang) in North Han River. The CE-QUAL-W2 model was set up and calibrated for
the river and reservoirs system using the field data obtained in 2006 and 2007. The results showed that Soyang Reservoir
released turbid water, which was classified as the TSS concentration is greater than 25 mg/L, for 334 days with peak TSS of
264.1 mg/L after the extreme flood event (592.7 mm) occurred between July 10 and 18 of 2006. The turbid water departed
from Soyang Reservoir reached at the most downstream Paldang Reservoir after about 20 days and sustained for 41 days,
which was validated with water treatment plant data. Since the released water from Soyang Reservoir had low water
temperature and high TSS, an underflow formed in the downstream reservoirs and vertically mixed at Paldang Reservoir due

to dilution by the sufficient inflow from South Han River.
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9 95 FEE FHIL 257 NTUZA FEst3oH, 30
NTU ©]4+¢] g7t 308 o4 A&H At}

ulH o] A]F3FeKKim et al. 2014; Ye et al, 2009).

9 AFAY g AR E FAU ELPY =24,
AL O HAME A4, JdFsde 29 59 weto]
S THChung and Oh, 2006; Gelda and Effler, 2007; Yajima
et al, 2006). £24ZH AFAdE 2006d TR g
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A9 B 5314 By ol sRstEH W AFA
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g5 Hrh #3¥ oz 2F57] A AT AFHAA
%K Chung and Oh., 2006; Hipsey et al., 2007). =3+ 9
AGAZ|H, Landsat FAEA § g gFEUEHY 7
& M AFE AP AKPotes et al., 2012; Effler et
al., 2014).
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o] &&=3 9thChung, 2004; Chung et al., 2011; Kim
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2. Materials and Methods

21, AR XS

£ a7 gigdx9gel 54 FAY AGZET 1 3
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Table 1. Summary of turbidity data at water treatment plants that use raw water form Paldang Reservoir in 2006, 2007

2006 2007
Items

plant1 plant2 plant3 plantl plant2 plant3

Average (NTU) 14.2 13.7 11.9 83 89 10.2

Maximum (NTU) 237 257 201 98 100 97

Days of exceeding 30NTU 39 43 37 12 6 13
N AFA 5T 2 LEF FEHH0] o, G
Lake Chun-cheon AAERL 7Py Wi Seuet AFAt B Zo|
A == 1. Fa F4ol F2 FA 2o a&Ho|tHChung et al,
2005; Cole and Buchak, 1995). W2 Ed2 A2 49
e UHT So-yang Resevoir &, FEEX(EF 4 FHYD), 72, 281 287 4T
- o dig 27t JheetH, s TERE, 9 AR H-vl
HodY, #AS4(Withdrawal), 37 ¥(Releases) =7l o
. g ¢ 29 Jles EIeth I, £AY vig FAb] o
:D[;z. e 2 3Y9 g5 sty @3¢ B F2E 39 98 @
IPyeong AE AFA-sAN 2D AA Bt bsEE, JYRE
= Dam 9] A% B 7KInterpolation) 7|5 & X0 Utk A
@ Monitering station w2rd 2 v, wARS, diAF9EEE, 78
- Lake Pal-dang © Water-intake station SANSR = u2e =g AP SPlH 52 9
) g #HE A 2dE2 FEASHA &&= UTh(Cole

0 5 10 Kiometers and Tillman, 1999, 2001; Gelda et al, 2012).
Fig. 1. Locations of the dam reservoirs and monitoring stations 222 UEXtE 7N

in North Han River. AT gAY S A LA¥sst od-33E
-2F e gz W2rdY FXARE Pt

SAR meh BYsE A5Po s AP ngs
fgel 1718 o4 A%AAT,

3 T RGIAA FAAA A2

w2 mdg Agsiant w2

Lake So-yang

Dam release

(@
Fig. 2. Grid systems used for (a) Soyang and (b) Ui-am, Cheong-pyung, and Pal-dang reservoirs.
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g5 FHEI EE-SS
9 Ay ARE AE35HY

T BAAS K-Water (2007)
FEst8em Eq. () 2t
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Table 2. Diameter, settling velocity, partition of TSS by each

group
Items Group 1 Group 2 Group 3
Diameter (um) 1.64 7.33 24.05
Settling velocity (m/d) 0.05 0.2 5
Partition (%) 60 30 10

17|, V,=Turbidity flow volume(SS>25 mg/L), V= Reservoir

volume

224. 22| HI}

A=y 2d A7 H|n-H7h= AME(Absolute Mean
Error) @ RMSE(Root Mean Square Error), NSE(Nash-
Surcliffe model efficiency coefficient)E ©]&3t¥th. AME
£ B9 3T ASF Aold HUzs AdsdEdd AR
A 2 ko] 09l FheSE RAY ARV 52 ALE
Brlstth. RMSEE RO AS39 zol& AlFsted A
& Hd9 7Y AFZLE2AN 94 09 TS 29
AE %7l ot NSEL 2ozkat A&7k ol AFg A
ST ASPAHT Aol AFLE YFAFE FLE -0
Al 14to] WMo, 19 Mg E Bl AFETF sk

o

3. Results and Discussion

31 ='A | al EI-A 0:||§ I%I Z4 M

97171 20069, 20079 FEAMGE Lz &GS
4 gt-FE-IF5 9 2ITHs RYFAE 5
o E5A AEEES FAAEsALen, 1 AFE Fig 39 o
AT 29359 ¢x a7]1= AME$ RMSEZEl 0.03
m, 0.04 m, NSE7} 0992 &< AHEE Byt 99-3
B-23He Hdg gog 7+ A9 A3t FHAHst
A Fgoem, AMEYH RMSEZE 0.08~0.13 m, 0.11~
0.15 m H$l, NSEZS 098 ~0.998 24 e 2+ o
AR E4A Ao de & AEE YERST

295 HRT 2 J9-3E-2959 @Y EUEHY A
AY FFA A& TSS AR} 29 dFFES
AAQZE HW3t Fig. 49 Yeldlch 2F59 TSSE
e IRFY 42 955 TSS-H:E #AAE AMEsHd
H3AG gholH, ge-FH-BF5 TSSTEE F T €
HR F FFF 254 F ARl

29Z% &Y% TSS ¢ZFexE AME 399 mg/L,
RMSE 58.6 mg/L, NSE 0.639] #& Uehith 2435 |
WHRTY TSSEES AlAE 4 2 Hagks AAI A

d SAUHFig 4@). F5 FHAY L A2 52 olF
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gt md A =5 AALE ¥ ALSFATKFig. 4(b-d). I
o, 2%, 29359 TSSAE 249 A7le 424 AME 6.9
mg/L, 84 mg/L, 9.2 mg/L, RMSE 124 mg/L, 11.9 mg/L,
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Fig. 3. Comparison of observed (Symbol) and simulated (line) water levels of each reservoir in 2006, 2007
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Fig. 4. Comparison of observed (Symbol) and simulated (line) TSS concentrations of each reservoir in 2006, 2007.
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Fig. 5. Simulated density flow regimes of the turbid flow in two-dimensional(x-z) view at (a) So-yang
reservoir and (b) Pal-dang reservoir in 2006.

Journal of Korean Society on Water Environment, Vol. 33, No. 3, 2017



288

HHYA - HMS - F Mo}

Table 3. Turbidity flow evaluation of each reservoir

. Maximum TSS of Inflow Maximum TSS . Days of Ratio of Turbldl‘ty flow in
Station (mg/L) of Dam releases persistent turbidity flow Reservoir*
(mg/L) (>25 mg/L) 9, %)
So-yang 2,225 264.1 334 65.3
Ui-am 264.1 102.7 168 71.3
Cheong-Pyung 94.5 81.8 182 80.2
Pal-dang 81.0 414 41 41.8

* 300 days after event
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4. Conclusions
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Fig. 6. Dam release TSS concentrations of each reservoir (a) from 2006/7/19 to 2007/6/15 (Jday 200-500), and
(b) from 2006/7/19 to 2006/9/7 (Jday 200-250).

Table 4. Inflow and outflow turbid water volumes at each reservoir

So-yang Ui-am Cheong-pyung Pal-dang
Outflow Inflow Outflow Inflow Outflow Inflow Outflow
Turbid water (m®) 233,345 238,191 126,711 122,020 113,199 188,515 177,778
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