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Abstract

Most of our rivers are fragmented by the presence of at least one large dam. Dams are often the most substantial controller of
the flow regimes and aquatic environments of natural river system. The quality of downstream water released from a stratified
reservoir is highly dependent on upstream reservoir water quality. Thus, an integrated modeling approach is more efficient,
compared to fragmented modeling approach, and necessary to better interpret the impact of dam operation on the down stream
water quality. The objectives of this study were to develop an integrated reservoir-river modeling system for Daecheong
Reservoir and its downstream using a two-dimensional laterally averaged hydrodynamic and water quality model, and
evaluate the model's performance against field measurement data. The integrated model was calibrated and verified using filed
data obtained in 2004 and 2006. The model showed satisfactory performance in predicting temporal variations of water stage,
temperature, and suspended solid concentration. In addition, the reservoir-river model showed efficient computation time as it
took only 3 hours for one year simulation using personal computer (1.88 Ghz, 1.00 GB RAM). The suggested modeling
system can be effectively used for assisting integrated management of reservoir and river water quality.
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Fig. 1. Locations of (&) river gauge station and (b) water quality monitoring sites.
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Table 1. Description of river gauging stations and water quality monitoring sites

River gauging stations Water quality monitoring sites

Site Name Location (km) Site Name Location (km)
Sta. 1 Maepo 123.2 T1 Deacheong bridge 137.0
Sta. 2 Maeogu 97.9 T2 Bugang 1155
S 3 Gongju 89.5 T3 Guemnam 106.0
Sta. 4 Jindu 76.0 )

T4 Gongju 76.0
Sta. 5 Gyuam 56.8
Sta. 6 Banjowon 433 [ Buyeo 61.5
Sta. 7 Ganggyeong 37.8 T6 Ganggyeong 380
Sta. 8 Ippo 256 T7 Estuary 0.0
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Fig. 2. Compartment of water bodies and segments for the reservoir-river system. (a) water bodies, (b) segments
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Table 2. Channel dopes and bottom eevations for each branch and water bodies

Water body Section Branch Slope Bottom elevation (m)
Geum river Branch 1
Hoein stream Branch 2
WB_1 Deacheo.ng Juwon stream Branch 3 0 230
reservoir Samsan stream Branch 4
Poomgok  stream Branch 5
So-oak stream Branch 6
WB_2 Re-regulation reservoir Branch 7 0 20.0
. Branch 8 0.00039
WB_3 Guem river -6.0
Branch 9 0.00016
WB_4 Guem estuary Branch 10 0 -9.0
Gap stream Tributary 1
Tributary Miho stream Tributary 2
Nonsan stream Tributary 3
Table 3. Calibrated parameter values of the model
Parameters (Unit) Variable WB_1 WB_2 WB_3 WB_4
Horizontal eddy viscosity (m’s?) AX 1.0 1.0 20.0 1.0
Horizontal eddy diffusivity (m’s?) DX 1.0 1.0 50.0 1.0
. . CHEZY |/ CHEzY CHEZY MANN CHEZY
Bottom friction factor (m”’s™) VANN 70 (70 (0020~ 0030) 70
Wind sheltering coefficient WsC 0.1~0.85
Fraction solar radiation absorbed at water surface BETA 0.60 0.60 0.60 0.60
Light extinction for pure water (m?) EXH20 0.30 0.30 0.30 0.30
Coefficient of bottom heat exchange (Wm’s?) CBHE 0.50 0.30 0.30 0.30
THChung et al., 2006). I8y F4o] AL AFA e 30
g2 AATNA A Fed W@ APgEE A _
qr] WEd] grRe] WHsE A4At AT #e B
AHg3sAtHTable 3). @
71&9 ATolA= SSE Estr] & FAAZEANA A

& 279 952 249 AR AEHAT BEG S
toawEoz o 4RAL UE Aoz oA o

(Gippel, 1995; Lewis, 1996). 22|t} 2o 93 ASF =S
Yetl & B=7F SSE veile HHARE AHEE F 3
AT, SSe BEe EFF E4o] tE27] dgEe] 7E9
TE AMEEY 2Ystd AFelAdE AT AATHEA
5, 2005, 2008h). £ AT E AFA FAAHANA
& 249 958 S3AHY g%-ss JBRA(Fig. 4)
185t 2d9o] AHZS SSE HAste] SSEH 29
HBA-E 5, 2008a; Sullivan et al., 2007). 2 ¥ SS
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Q = 5 20 mmZ UFi 74 EES
t2+ 20, 50, 30%= StATHEA-E S, 2007, 2008a). o3
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7 Zd AFVIE s RFRH/ ASHY Aolrt
Ar7t IEE Yooz RAYSYTHTable 4). 7
AR F9 SSEEE 89 HHoE FFT ARE AME
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A87F oA ZeAl dEH B4R stECA 8T SS ¢

2,

for Y oft mo @ rlr ob m rR oo W
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Fig. 4. Correlation of turbidity and SS concentration measured
a inflow boundary of Daecheong reservoir.

Table 4. Classification of SS particles, relevant fraction and
settling velocity
Class Diameter (ym) Fraction (%) Velocity (m/d)
SS, 1.0 20 0.05
SS, 5.0 50 0.10
SSs 20.0 30 2.00
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Aol digk FMY HFgAHe Flsty] s shd
A#E QAN AS T ZAFHE v WS THFg. 6).
BA71791 200437 ASVI0R1 2006 R R 7
&0 M2 SHHY 5o AGEES 79 WS E F
A5l Bt it Bl o3t BA4S 93] MAE(mean

absolute error)¢} RMSE(root mean square error), Rz(coeffi-
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Table 5. Comparison of MAE and RMSE of water surface elevation in Guem river

2004 2006

Range (m) MAE® (m) RMSE® (m) R® Range (m) MAE (m) RMSE (m) R?
Sta 1 18.24~21.90 0.11 0.18 0.90 18.44 ~ 22.75 0.28 0.46 0.70
Sta. 2 9.72~16.29 0.09 0.14 0.97 10.07 ~ 14.02 0.25 0.39 0.90
Sta. 3 6.00 ~ 14.59 0.29 0.40 0.96 6.47 ~11.18 0.33 0.46 0.92
Sta. 4 2.29~11.72 0.28 0.39 0.94 269~ 846 0.38 061 0.94
Sta. 5 1.03~ 8.25 0.19 0.34 0.84 020~ 6.00 0.24 0.46 0.86
Sta. 6 -0.70~ 412 0.14 0.26 0.79 -0.68~ 4.70 0.32 0.60 052
Sta. 7 -0.82~ 3.60 0.28 0.32 0.75 075~ 421 0.45 059 0.65
Sta. 8 -1.03~ 2.75 0.20 0.26 0.56 096~ 3.25 0.21 0.26 0.92

AMAE(mean absolute error) = 1/n Y |y,;— v.], where yo and ys are observed and simulated values, respectively.
i=1

PRMSE(root mean souare error) \/ 1/n Y (o — vs)?
i=1

“Coefficient of determination

2AEH sRBHASEX| MR H55, 2008



SRR LR

Al2Ble| 2xt8l 2] - £ @eo|

587

X axis : Julian day, Y axis : Elevation |~ Qbserved
24 — Simulated 18
(a) Sta. 1 (b) Sta. 2
22 L 16
14
20 I
18 - 10
18 15
(c) Sta. 3 (d) Sta. 4
15 12
12 - L g
91 L6
6 -3
9 9
(e) Sta. § (f) Sta. 6
6 1 6
3 ‘ ' l 3
0 4
6 1(g) Sta. 7 (h) Sta. 8
41 I ’ -2
2 4
Lo
0 4
-2 .2

o

100 200 300

0 100 200 300

2004

Fig. 6. Comparison of observed and simulated water surface elevations at (a) Maegpo, (b) Maeogu, (c) Gongju,
(d) Jindu, (€) Gyuam, (f) Banjowon, (g) Ganggueong, (h) Ippo.

cient of determination)E AHEst¥iTh. MAE$} RMSEE =
AT AEH¢ oAE Uehe AEE 997 A4 ¥
o D99t 2L, Fhol 0o FAEFE ZdY HEe] ¢
Faitte s vehdh

—— Ob d
X axis : Julian day, Y axis : Elevation ’m
18

24
(a) Sta. 1 (b) Sta. 2
22 4 15
201 LMN“&W- 2
18
12 |0 sta.3 (d) Sta. 4 | 12
r9
o1 L6
61 F3
9
(e) Sta. 5 (f) Sta. 6

TR S Yo

=]

1{(g) Sta. 7

(h) Sta. 8

150 180 210 240

270

N o N &

180 210 240 270

2006

of vlaatel Jerlth £ £ aEAS i =
9] 23 45529 MAESH RMSEE AltstsitHTable 6).
200437} 2006 F7] ShH9 2 W= 247 19~ 30,

7.0~16°C9 W E 7FHTh 20049 29 MAE: 1.29~

200439 =y} A=4919] MAESH RMSEE 27 0.11~
029 m, 0.14~0.40 mé] HWHAE Egen, 4 9 9
5 Z2 Z N wg d2A JehgAw 3.66~9.62 m
o] W& 7tA A5 MAESH RMSEZL 9 23S
g1 F AATE 20061 d - T MAESH RMSE=
Z+7t 0.21~045, 026~061 mZ F99 WA 395~
580 mel Hls) vlaA e WS Yedth E3 R
o] HFAoz o 0828 Yeh RdL 9 FWHE
& & A5se A= FrHEHAT

— Simulated
© Observed

o X aixs : Julian day

2.31°CY WS 7}XH RMSE:E 155-~3.07°CY W9

7}A]

—

L
.

il

gdez At

2 39)

fr &
rlr
12
N\
B
o
3
T
o2
ol
rlr

1=l]
o
RAog Ho}
wodr

0.74~1.63°C, RMSE+= 0.83~392°CY W&

e
A el

Fe el ua )
H4 AAZA YUAEE AEAALNE BT
o B9 £2g vuH 2 AZdE RO B}

[e] [e)
TZ'}“C

— Simulated
© Observed

X aixs : Julian day

Aoz UEt. RZAA(T Y 50 g A

Fell vlsl ex7k 2A debged ¥ 3RS $29

A A

SAE YehhEz,

Fig.

Y axis : Temperature( C)

m

M
0

0

° Y axis : Temperature( C)

(b)T_2 o (c)T_3
M SM

°

Mm

25

60

120 180 240 300 360

60 120 180 240 300

2004

7. Comparison of observed and simulated data for water temperature at (a) Deacheong bridge, (b) Bugang,
(c) Guemnam, (d) Gongju, () Buyeo, (f) Ganggyeong, (g) Estuary.

360

240 260 160 180 200 220 240 260

2006

Journal of Korean Society on Water Quality, Vol. 24, No. 5, 2008



588 8 - MG - FoI7 - AFT

Table 6. Comparison of MAE and RMSE of water temperature in Guem river

2004 2006
Range (°C) MAE (°C) RMSE (°C) R? Range (°C) MAE (°C) RMSE (°C) R’

T2 3.84~28.31 2.31 3.07 0.86 11.61 ~ 26.89 1.63 3.92 0.86
T3 2.30 ~ 29.29 1.42 1.89 0.94 18.00 ~ 27.65 1.39 2.96 0.72
T4 0.45~28.36 1.30 1.60 0.95 17.86 ~ 27.56 0.86 1.13 0.78
T5 -0.40 ~ 28.22 1.29 1.55 0.95 17.86 ~ 27.35 1.14 1.82 0.68
T6 -0.99 ~ 28.56 1.45 1.81 0.95 18.35 ~ 27.56 0.74 0.83 0.83
T7 -0.39 ~ 29.93 1.30 1.58 0.97 21.28 ~ 28.25 0.90 1.06 0.90
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Fig. 8. Comparison of observed and simulated water temperatures at Buyeo intake (2004).
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Table 7. Comparison of MAE and RMSE of suspended
sediment (SS) in Guem river

2004
MAE RMSE
Range (mg/L) (mg/L) (mglL) R?
T1 0.49 ~ 26.51 3.20 4.85 0.76
T2 0.00 ~ 55.86 7.60 12.10 0.66
T3 0.00 ~ 423.99 18.24 38.37 0.12
T4 0.00 ~ 387.46 16.63 50.48 0.36
T5 0.00 ~ 380.13 15.68 26.43 0.85
T6 0.69 ~ 309.47 17.04 4411 0.59
T7 0.95~223.83 16.88 35.45 0.78
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