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Evaluation of Eutrophication and Control Alternatives
in Sejong Weir using EFDC Model
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Abstract: The objectives of this study were to construct a three-dimensional (3D) hydrodynamic
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weir, which are directly affected by Gap and Miho streams located in the middle of the Geum River,

and to evaluate the trophic status and water quality improvement effect according to the flow control

and pollutant load reduction scenarios. The EFDC model was calibrated with the field data including

water level, temperature and water quality collected from September, 2012 to April, 2013. The model

showed a good agreement with the field data and adequately replicated the spatial and temporal

variations of water surface elevation, temperature and water quality. Especially, it was confirmed

that spatial distributions of nutrients and algae biomass have wide variation of transverse direction.

Also, from the analysis of algal growth limiting factor, it was found that phosphorous loadings from

Gap and Miho streams to Sejong weir induce eutrophication and algal bloom. The scenario of

pollutant load reduction from Gap and Miho streams showed a significant effect on the
improvement of water quality; 4.7~18.2% for Chl-a, 5.4~21.9% for TP at Cheongwon-1 site, and 4.2~
17.3% for Chl-a and 4.7~19.4% for TP at Yeongi site. In addition, the eutrophication index value,
identifying the tropic status of the river, was improved. Meanwhile, flow control of Daecheong

Dam and Sejong weir showed little effect on the improvement of water quality; 1.5~2.4% for Chl-a,
2.5~ 3.8% for TP at Cheongwon-1 site, and 1.2~2.1% for Chl-a and 0.9~1.5% for TP at Yeongi site.
Therefore, improvement of the water quality in Gap and Miho streams is essential and a pre-

requirement to meet the target water quality level of the study area.

Keywords: EFDC, Sejong Weir, Geum River, eutrophication, algal bloom
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4 Water level gauge stations
® Water quality monitoring stations
TMDL stations

4 Geumnam & HapRiv & Bugang
® Miho6—1 ® Cheongwon—1 ® GapStr5-1 @ Hyundo
MihoStrC * GeumbonG

® Yeonsi
GeumbonH

c D B
A Bulmugyo a Hyundo

GapStrA

Figure 1. Locations of the study area
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Figure 2. Numerical grid of (a) the main channel and the flood plain, (b) the orthogonality deviation

Table 1. The correlation equations between discharge
and water temperature used for inflow water
temperature estimation

Stations Discharge-Temperature Equation
Geum River | Tw =7.655+0.184Td+0.477Ta-0.0081Q
Gap Stream | Tw = 8.213+0.688Td-0.0049Q
Miho Stream | Tw = 4.933+0.805Td-0.0063Q

Tw Y4 42(0), Td 0] &4 2%(C), Ta:th 7] 7]
(0),Q:FYFm’ss
(Fig. 1)¢] 8¢ 7t4 A5
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ZF Ao A2t 714 FARE 0|85
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Table 2. Simulation scenarios of water quality control in the study site
Scenario Description
Runl 20% reduction of pollutant load
Load reduction from tributaries Run2 40% reduction of pollutant load
Run3 60% reduction of pollutant load
Run4 10% increase of flow rate
Flow control from Daec}.leong Dam and Run5 20% increase of flow rate
Sejong weir
Run6 40% increase of flow rate
3) B Ayl e 74 3 2y 28 1 #7)) A45 T-P(A1)¢} Chl-a(A2) 352 7%
BT 0|5 H QG Hejgo] gy v >F ARSI
S o] =13 = 6.71+1.15XIn(TP
L A AT AL s L) ) )
A A R 28E 5 AN 29E 3 '
7ket7] 913k Alute] = Table, 22 Zo] A5+ In(chl-a)
- n(chl-a
R e AR S SR ARG s Sl 100 (2'4“ ne5) ) W
uEA0 2 AE I gl FAel o gRseE Azt
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o Runl~Run3& 33k vlede] o] ks 2 opAH W /1EL TSI<40 W PAH,
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& A=A *ﬂ% 94 YRS 24410, 20, 2 Wdgh(Kim et al. 2012),
40% S7HA17 1= frgEd AldE] ol AluE]L

wol7|7ke myo) Mﬂ 7rel
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Table 3. Error statistics in the simulations of water surface elevation for one-layered and three-layered EFDC models

. AME(m) RMSE(m) R?
Station
Layerl Layer3 Layerl Layer3 Layerl Layer3
Hyundo 0.066 0.053 0.076 0.093 0.987 0.982
Bugang 0.129 0.085 0.159 0.159 0917 0.930
Geumnam 0317 0.359 0.435 0.479 0.623 0.689

Table 4. Error statistics in the simulations of water temperature for one-layered and three-layered EFDC models

Stati AME(°C) RMSE(*C) R?
ion
Layerl Layer3 Layerl Layer3 Layerl Layer3
Geumbon-G 1.852 1.944 2.033 2314 0.870 0.827
Geumbon-H 2.069 1.794 2.633 2224 0.844 0.881
Ap7] Sloto] A% ARo] A& 0FIL RS WE  Slol FRG, FRH AP Y 45 e we) 5
THES AR W=, B, T oA 9] Ko = Alﬁl‘ﬁi Bl3tod Figure, 3 WERH I 2F
St A% 2912 vimAgTh Ba £35S A ARelA A5G Bogke) AAY FAE ujmA

(Layerl), 37}l(Layer3) = Ueof Hojgh Ayl vl
Fro 2 M 2jo|2 Holslgith(Fig. 3), KO
7ol 9= AMES} RMSEE H7}atgl o, 4220
RY off Aol A 242 0.066 m, 0.076 m, F-74of
A1 0,085 m, 0,093 m, T'glA 0.359 m, 0,479 m
2 Ueht B S 905 & AFstglon, 35
Mepof w2 2oz LAFTHTable, 3). E3H Rz%kol
H2A 02 layerld ) 0,842, layer3d ©j 0,867
LHERLE EWEI 79 HEE 2 Bosh= Aoz H7t
Eglom, 423 gl w2 2fol= 4] ookt

2) 42

Gee 25 AT 93
B 752 aliE 4o
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Figure 3. Comparison of observed and simulated water temperature at (a) Geumbon-G and (b) Geumbon-H
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Table 5. Comparisons of errors in the water quality simulations between one-layered and three-layered EFDC models at

Hyundo, Cheongwon-1, Yeongi

Hyundo Cheongwon-1 Yeongi
Item AME(m) RMSE(m) AME(m) RMSE(m) AME(m) RMSE(m)
Layerl | Layer3 | Layerl | Layer3 | Layerl | Layer3 | Layerl | Layer3 | Layerl | Layer3 | Layerl | Layer3
Do 0.117 | 0276 | 0.137 | 0317 | 1.005 | 0.804 1.18 1.072 | 0468 | 0.632 | 0542 | 0.827
(mg/L)
Toc 0.149 | 0.079 | 0.165 | 0.097 | 0.709 | 1.003 | 0827 | 1213 | 0983 | 1.043 | 1324 | 1.299
(mg/L)
= 0.033 | 0.025 | 0.037 | 0.029 | 0.836 | 0.899 | 0907 | 0968 | 0931 | 0.716 | 1.019 | 0.829
(mg/L)
NHs*-N
0.000 | 0.001 | 0.000 | 0.001 | 0243 | 0258 | 0312 | 0335 | 0338 | 0259 | 0416 | 0337
(mg/L)
NOsN
(mg/L) 0.000 | 0.000 | 0.000 | 0.000 | 0499 | 0502 | 0.625 | 0591 | 0498 0.45 0.609 | 0.562
P 0.000 | 0.001 | 0.000 | 0.001 | 0.019 | 0.024 | 0.027 | 0.029 0.02 0.017 | 0.024 | 0.022
(mg/L)
POP 0.000 | 0.000 | 0.000 | 0.000 | 0.011 | 0.011 | 0.019 | 0.017 0.01 0.008 | 0.013 | 0.011
(mg/L)
Chl-as 0.054 | 0.134 | 0.069 | 0.166 | 2.832 | 2289 | 3.755 | 3.192 | 4.099 | 5.114 | 5157 | 7.171
(mg/m)
gt 2 Boot uhd Chl-a P52 AME 4,10, & 8 29 B0 o7} ZH AL & AAto]
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Figure 4. Comparisons of observed and simulated water quality variables at Yeongi
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Table 6. Reduced average water quality concentration compared to RUNO for each scenario at Cheongwon-1 and

Yeongi sites. unit: mg/L
Site Item RUN1 RUN2 RUN3 RUN4 RUNS RUN6
DO 0.001 0.001 0.002 0.000 -0.001 -0.002
TOC 0.375 0.747 1.117 0.073 0.137 0.242
Cheongwon-1
T-P 0.006 0.012 0.019 0.002 0.003 0.005
Chl-a(mg/m?) 0.566 1.133 1.712 0.192 0.358 0.622
DO 0.049 0.098 0.148 0.030 0.047 0.095
i TOC 0.962 1.924 2.888 0.074 0.140 0271
Yeongi
T-P 0.015 0.031 0.046 0.0915 0.0892 0.085
Chl-a(mg/m?) 2.113 4225 6.330 0.002 0.003 0.006

Bt 4.7%, 10,9%, 19.4%, Chl—a B 4.2%, 9.6%,
17.3% A7F=] o] F-55F Abtol| et TSI} A =
A0 R Yepylt), slA|qk Fo kst At /HAE %

o, Q7IAHAA = FE4E 0.018 mg/LE
U}-}_s}x] Eﬁt]—
@ AFARE 28] W A G

4 Al ek Ak
]_

2 32 EAE

7} . RUNOS g 2=7g 2 dzt
A|ER ] RS 2A8HA] kS wj o] Zafolar,
247k Wk =2EES 10%, 20%, 40% 27}t
. Z AuE| o it Al
AIZEE Table, 73} 2o whRsF S7tol wheba] A
EA]7]—0] 7P5\_6H:}
Ay e o] Ayl Eglst 24 A k= et
2] gkokoh, ®3t ZF AluyeE] 2 ¥ (RUN4-RUNG)



=1

SHEIEIt Mi2rd M6

——RUNO -------:- RUN1 — — RUN2 RUN3

15

RUNO ------: RUN1 — —RUN2 RUN3

15

-

(1/6w) oa

]
-

(/6w) oa

o ~ <
-

(1/6w) ooL

o ~ <«

(/Bw) o0L

10

5
z
&
o”
-
mm "
ag
Q
3
Z
a
. N
o
o a
i N g
~ + =% 3 8 ° g 8 5=
o o
(Bw) N-L (/Bw) drL (cw/Bu) e-lyd
g
&
m
s
i zh.n._rwh
|| -
y Q
3
Z
4
N
-
oo
L Ng
s 8 =°°
(sw/Bur) e-juo

(b) Yeongi

Figure 6. Simulated water quality variations with the scenarios for pollutant load control from Gap Stream and Miho Stream

(a) Cheongwon-1

2
o
o
(=]
=
-
=
o
o n
- g
z
z2zzz &
5555
zExEE ..m
1N 1 N
NEY =
=

eutrophic

Chl-a

L2
K=
=3
o
S
el
>
o

13.03 13.04

13.02

1211 1212 13.01

12.09 12.10

13.03 13.04

1211 1212 13.01 13.02

1209 12.10

(b) Yeongi
Figure 7. Comparisons of Calson TSI for the pollutant load control scenarios at Cheongwon-1(a), Yeongi(b)



Oy - 2K - LM - HMIE / EFDC 2ol 2Bt MBS SHY3} 3 Mot EIt 559

Ho

Table 7. Comparisons of water residence time for the different flow control scenarios unit: day

Site RUNO RUN4 RUNS RUN6

Hyundo 0.107 0.102 0.097 0.090

Bugang 0.458 0.443 0.429 0.405

Geumnam 0.680 0.667 0.658 0.636
TSE= H9-17799] 4$ Chl-a B 15~ 2.4%  EFDCE T35}, oA Raldo] By 40| o)
T-P Bt 2.5 ~ 3.8%, A7INHQ] 4% Chl-a B A& g} Ral s 248 53 48 A4a
T 1.2 ~ 2.1%, T-P %t 0.9 ~ 1.5% A=} & 72 Hrlskn}t. w8t EFDCR S o) mojg 4

5 00 3 5 A ; >
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Figure 8. Comparisons of the water quality variations under the scenarios of flow control from Daecheong Regulating Dam
and Sejong Weir
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