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Input data
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Landuse, soil, DEM
Sewage discharge and contaminant data
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Observed runoff data
Observed water quality data
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Runoff data

Stream runoff and water quality simulation

Meteorological data
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Reservoir discharge data
Pumping data

EFDC

Stream water quality data

Hydrodynamics simulation of estuary reservoir

:

Hydrodynamics simulation result

Observed water quality data (Reservoir)
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Validation

Water quality simulation of estuary reservoir

Fig. 3.1. Diagram of HSPF-EFDC-WASP linkage for water quality simulation in estuary reservoir
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| |
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Fig. 3.2. Overview of HSPF software
(adapted from Bicknell et al. (1996))
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3.1.3 EFDC =4
7} 289 78
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EFDC (Environmental Fluid Dynamics Code) &S &3} t}.

EFDC B &2 sk, s, &4 & vgst FAdd 48 7ssiH, ¢
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(sediment transport) 25, 544 EA (toxic) B9 EE9 F 479 v&
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Fig. 3.4. Relationships between simulation component in EFDC
(adapted from Craig (2009))
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3.1.4 WASP =8
7} 289 78

WASP (Water Quality Analysis Simulation Program) =3 19834
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Periphyton Biomass Phytoplankton Biomass \
c
cC o
IP Groun 3 | 1 _—— S k=
— o U
D:C:N:P:Chl " B Gronn 2 | DO L 2
D Group 1 oE
D:C:iN:P:Si:Chl _g “
death 1 l
Particulate Detrital OM TIC
uptake H,C03-HCO;3-C042
r D G N P Si excretion =
= ~—- !
= == 1
dissolution = I - - Total |
Inorganic Nutrients Alkalinity i
Dissolved OM | Sloz || PO, || NH4_H°N03-|'
- cBoD, Si _ _
& \ Inorganic Solids
T - CBOD, P sorption
= | mineralization | S | | Sz | | Ss |
<f oo, || o~ | I i i

Fig. 3.5. Eutrophication kinetic model for WASP8 (adapted from
Martin et al. (2020))
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Table 3.1. Stream lengths and watershed areas of streams in the

Ganwol estuary reservoir watershed

Streams Stream length (km) Watershed area (km?)
Gipo 4.8 8.70
Dodang 17.1 120.60
Dundang 13.3 36.56
Sojung 8.4 13.20
Yadang 3.5 15.60
Waryong 17.1 85.00
Chungji 11.0 42.23
Total 75.2 321.89

Fig. 3.6. Location and landuse map of the Ganwol estuary

reservoir
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Fig. 3.9. Landuse map of the Ganwol estuary
reservoir watershed (data from Environmental

Geographic Information Service)
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Fig. 3.11. Streamflow of inflow streams (data from Chungnam

Province Institute of Health and Environment)

,25,



332 F48A %

201195E 2020371+ 9 13 7HFo= ASH o4 3 (T-N
T-P) ARE o]&3lo] F4 35 47
AR ) ek A= AR

12.0

:Rﬁﬁﬁ%QJQQAm%

T-N (mg/L)

0.0 T T T T
2011-01 2013-01 2015-01 2017-01 2019-01 2021-01
Time (year-month)
(a) Dodang
16.0
Average : 3.18 mg/L
12.0

8.0

a0 bepe I ARA 4 WJMM fAﬁh }\Afep
O L Vil AT,

2011-01 2013-01 2015-01 2017-01 2019-01 2021-01
Time (year-month)

(b) Dundang

Average : 5.34 mg/L

T-N (mg/L)

20.0

—_

< 15.0
[=3]

ﬁkﬁ&mmhﬁ%ﬂﬂj
VAR TRNAYA'IR A

0.0
2011-01 2013-01 2015-01 2017-01 2019-01 2021-01
Time (year-month)
(c) Waryong
40.0

Average : 6.09 mg/L

< 300
=]
E Lﬁi
= 20.0
: ﬂ‘ﬁ
'—
0O oy 4 g - A

- WW”@WWEW e ‘ ¥R

2011-01 2013-01 2015-01 2017-01 2019-01 2021-01
Time (year-month)

(d) Chung;ji
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Fig. 3.14. Total nitrogen (T-N) concentration of public owned
treatment utilities of the Ganwol estuary reservoir watershed
(data from National Institute of Environmental Research)
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Fig. 3.15. Total phosphorus (T-P) concentration of public owned
treatment utilities of the Ganwol estuary reservoir watershed
(data from National Institute of Environmental Research)
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Fig. 3.19. Total nitrogen (T-N) concentration of the Ganwol

estuary reservoir
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Fig. 3.20. Total phosphorus (T-P) concentration of the Ganwol

estuary reservoir
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Fig. 3.21. Chlorophyll a (Chl-a) concentration of the Ganwol

estuary reservoir
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Fig. 4.1. Spatial distribution of subbasins of the Ganwol

estuary reservoir watershed
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Table 4.1. General ranges of statistics for model performance evaluation (adapted from Seong et al. (2017))

Data time
[tem | Statistics _ Very Good Good Fair Poor
period

R Daily 0.80<R*<1.00 0.70<R*<0.80 0.60<R*<0.70 R?<0.60

R’ Monthly | 0.86<R*<1.00 | 0.75<R* <0.86 0.65<R*<0.75 R*<0.65
Flow

NSE Monthly |0.75<NSE=<1.00| 0.65<NSE=0.75 0.50<NSE=0.65 NSE=0.50
pRIAS | Monthly | PBIAS<+10 +10<PBIAS=<+15 | £15<PBIAS<+25 | PBIAS=+25

N, P (%) Monthly | PBIAS<+25 +25<PBIAS=<+40 | +40<PBIAS<+70 | PBIAS=<%70
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Table 4.2. Calibrated values of HSPF parameters for runoff simulation

Parameter Description Ranges
INFILT Infiltration capacity of the soil 0.1-0.2
AGWRC Groundwater recession rate 0.98-0.99
DEEPFR Fraction of GW inflow to deep recharge 0.1-0.2
UZSN Upper zone nominal soil moisture storage|0.128-0.328
INTFW Interflow inflow parameter 1.75-9.75

IRC Interflow recession parameter 0.4-0.7

Table 4.3. Results of runoff calibration and validation on flow stations

in the Ganwol estuary reservoir watershed

Flow stations

Statistics

Dodang | Dundang | Waryong | Chungji

R’ 0.87 0.61 0.72 0.73

Calibration NSE 0.78 0.27 0.67 0.52
PBIAS (%) -14.79 -66.66 -14.18 21.24

R’ 0.76 0.83 0.82 0.75

Validation NSE 0.68 0.83 0.50 0.64
PBIAS (%) -26.36 -3.42 -50.47 -35.15
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Table 4.4. Calibrated values of HSPF parameters for water quality

simulation of the Ganwol estuary reservoir watershed

Parameter Description Ranges

Conversion from biomass expressed as
CVBPC 50-116
phosphorus to carbon

Conversion from biomass expressed as
CVBPN . 10-50
phosphorus to nitrogen

Benthal release rates of ammonia under
BRNIT 0-10
aerobic and anaerobic conditions

BRPO4 |Benthal release rates of ortho-phosphorus 0-1.7

KTAM20 Nitrification rates of ammonia at 20°C  [0.015-0.945

KNO220 | Nitrification rates of nitrite at 20°C (hr™) |0.002-9.302
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Table 4.5. Results of water quality calibration and validation in

the Ganwol estuary reservoir watershed

T-N T-P

Streams Obs. | Sim. | PBIAS | Obs. | Sim. | PBIAS

(mg/L) | (mg/L)| (%) |(mg/L)|(mg/L)| (%)
Dodang | 2.57 2.65 -0.50 | 0.041 | 0.047 | -10.25

Dundang| 3.12 | 3.04 | 3.14 | 0.083 | 0.072 | 13.01

Calibration
Waryong| 5.47 477 | 11.96 | 0.062 | 0.068 | -8.60

Chungji| 5.17 | 4.40 | 14.44 | 0.169 | 0.156 | 8.75

Dodang | 3.14 | 2.68 | 7.79 | 0.046 | 0.046 | -7.80

Dundang| 3.02 | 3.05 | -6.12 | 0.085 | 0.072 | 13.57

Validation
Waryong| 4.61 480 | -4.09 | 0.069 | 0.069 | 2.21

Chungji| 4.17 | 4.39 |-11.40| 0.160 | 0.158 | -1.71
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Fig. 4.4. Observed and simulated time series of T-P concentration
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Table 4.6. Calibrated values of

WASP parameters

for water

quality simulation of the Ganwol estuary reservoir

Parameter Unit Default |Calibrated
Phytoplankton Maximum Growth |
(day™) 0 3
Rate Constant @20°C
Phytoplankton Carbon to
(mgC/mgChl-a) 50 80
Chlorophyll Ratio
Phytoplankton Respiration Rate .
(day™) 0.1 0
Constant @20°C
Phytoplankton Detritus to
(mgD/mgC) 4 4
Carbon Ratio
Phytoplankton Phosphorus to
(mgP/mgC) 0.025 0.025

Carbon Ratio

Table 4.7. Results of water quality calibration and validation in

the Gangwol estuary reservoir

Calibration Validation

Obs. (mg/L) 5.29 6.18

T-N Sim. (mg/L) 5.75 5.62
PBIAS (%) -8.59 9.05

Obs. (mg/L) 0.211 0.281

T-P Sim. (mg/L) 0.239 0.260
PBIAS (%) -13.47 7.80

Obs. (mg/m?) 68.44 46.76

Chl-a Sim. (mg/m®) 4250 48.92
PBIAS (%) 37.90 -4.61

,46,
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Table 4.9. Cases of the maintenance level

Maintenance level (EL. m)

Scenario
Non-flood season Flood season

ML SO -1.00

ML S1 -1.70 -2.10

ML S2 -1.20 -2.10

ML S3 -0.70 -2.10

ML S4 -0.20 -2.10

ML S5 0.30 -2.10

ML S6 0.80 -2.10

ML S7 1.12 -2.10
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Value
0.7
0.6
0.9
0.8
0.8

Coefficient
G
Ca
Coz
Cs
Cy

Flow type
Submerged orifice
Drowned orifice
Submerged weir
Free weir

Table 4.10. Discharge coefficients by flow types
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Table 4.11. Discharge characteristics for each water management level scenario for 2015-2020

[tems Year |Observed SO S1 S2 S3 S4 S5 S6 S7
2015 ] 118,423 | 90,494 | 107,592 | 95,262 | 83,365 | 71,002 | 65,971 | 65,908 | 65,908

Total 2016 | 121,498 | 121,764 | 121,934 | 121,803 | 122,095 | 133,136 | 138,170 | 138,227 | 138,253

2017 78,245 | 110,439 | 110,269 | 110,907 | 110,187 | 99,814 | 87,195 | 74,918 | 68,152
annual

2018 ]186,191 | 189,700 | 189,734 | 189,420 | 189,502 | 189,207 | 190,637 | 189,760 | 188,909

discharge ™50197 1133674 | 131.103 | 131.242 | 132.494 | 131.235 | 131,141 | 130,508 | 131.123 | 131,132

(1000 m’) [T2020 | 353.429 | 377.417 | 376.815 | 375.743 | 377.931 | 376.833 | 376.585 | 376.956 | 377.547

Average| 165,243 | 170,153 | 172,931 | 170,938 | 169,053 | 166,855 | 164,844 | 162,815 | 161,650

2015 33 98 118 110 77 46 31 23 23
Total annual [~ 9016 33 117 119 110 97 93 77 58 56
number of | 2017 16 122 134 139 114 77 53 38 32
days of | 2018 52 145 134 145 126 105 92 77 64
discharge | 2019 34 117 124 127 110 100 81 66 62
(days) 2020 56 184 180 188 188 173 164 151 142
Average| 37 131 135 137 119 99 83 69 63

2015 | 3.589 | 923 912 866 1,083 | 1,544 | 2.128 | 2.866 | 2.866

«Average | 2016 | 3682 | 1041 | 1,025 | 1,107 | 1,259 | 1432 | 1,794 | 2,383 | 2.469

discharge | 2017 | 4.890 [ 905 823 798 967 1,296 | 1,645 | 1,972 | 2,130

2018 3,581 1,308 1,416 1,306 1,504 1,802 2,072 2,464 2,952

of aday 9019 | 3,932 | 1,121 | 1,058 | 1,043 | 1,193 | 1,311 | 1,611 | 1,987 | 2,115

(1000 m) 72020 | 6,311 | 2.051 | 2.093 | 1.999 | 2.010 | 2.178 | 2.296 | 2.496 | 2.659

Average| 4,331 1,225 1,221 1,187 1,336 1,594 1,925 2,361 2,532

xdivided by the number of days of discharge
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Table 4.12. Water level characteristics for each water management

level scenario for 2015-2020

Average water Average water
Maximum water
Scenario level of flood |[level of non-flood
level (EL. m)
season (EL. m) season (EL. m)
Observed 0.19 -1.62 -1.34
SO -0.59 -1.31 -1.10
S1 -0.99 -2.05 -1.73
S2 -0.77 -2.04 -1.38
S3 -0.34 -2.02 -1.00
S4 0.08 -1.98 -0.63
Sh 0.33 -1.93 -0.31
S6 0.78 -1.89 -0.05
S7 1.09 -1.85 0.10
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Table 4.13. T-P concentration changes for each water management level scenario at GW1, GWZ and GW3

GW3 (Upper)

GW2 (Middle)

GW1 (Lower)

Scenario Average Maximum Average Maximum Average Maximum

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

Observed O'(Z_E;l 0.455 O.(5_é)19 0.872 O'(7_é)18 0.968
254 . .

SO (_02.759%) 0.449 (10535;) 0.851 (?.6%3%) 0.983
2 . 7

S1 (_%.752?%)) 0.487 (5955(2) 0.907 (—(4)1.46;%) 0.937
254 . .

S2 (_02.457%) 0.458 (102575(2) 0.894 (?'515?) 0.962
.24 . .

S3 (—81.65?%) 0.423 (8;535;)) 0.905 (2'7;}:/1)) 1.020
.24 .54 )

S4 (—06.24?%) 0.411 (_%51;;%)) 0.886 (828201(:/13) 1.030
.24 i .

S5 (_05.91?%)) 0.415 (_01'510?%)) 0.853 (8.81%) 1.016
.24 . )

S6 (_%.94?%)) 0.405 (_01'583&) 0.838 (S_SS%) 1.007
.24 532 T

S7 (_05‘5;;)) 0.406 (_%‘5037%) 0.832 (2‘55%) 1.003
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Fig. 4.27. Monthly mean T-N, T-P, and Chl-a concentration by

each water management level scenario for 2015-2020 at GW3
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each water management level scenario for 2015-2020 at GW2
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Abstract

Impact Assessment of Drainage
Gate Operations on Water Quality
in Ganwol Estuary Reservoir Using

Watershed—Estuary Linkage Model

Sinae Kim

Major in Rural Systems Engineering
Department of Landscape Architecture and
Rural Systems Engineering

The Graduate School

Seoul National University

An estuary reservoir is one of the main water resources for
agriculture in Korea and i1s used for water supply by maintaining an
appropriate water level. However, the recent inflow of various
pollutants from watersheds aggravates the water pollution problems in

estuary reservoirs, and additional measures including the management

,90,



of the water body through control of water level as well as basin
management measures are needed.

The proper water level management of estuary reservoir can reduce
the environmental impact for using freshwater and coastal fishing, but
the current water management level is mainly focused on securing
water and feasibility of sea—dike construction. Therefore, this study
aims to evaluate the effect of the drainage gate operation on the
water quality of the estuary reservoir. A watershed—estuary linkage
model was established to comprehensively consider the watershed and
water body characteristics, and water quality changes were analyzed
by reflecting the management level operation scenarios in the model.

In this study, Ganwol estuary reservoir was selected as the target
area, and an HSPF—EFDC—WASP linkage simulation system was
established. The effect of management water level on the water
quality of the estuary reservoir was evaluated by reflecting the
discharge of drainage gate for different management water level
scenarios in the linkage model.

As a result of the analysis, the difference in water quality for each
scenario was larger at the lower point (GW1) of the Ganwol estuary
reservoir compared to the upper point (GW3) due to the change in the
water passage area and the increase of drainage gate operation
influence. At GW3 and GW2 of the Ganwol estuary reservoir, the
water quality tended to improve as the management water level
increased due to the dilution effect of the pollutants caused by the
increase 1in water volume. Meanwhile, at GW1, which is greatly
affected by the operation of the drainage gate, the lower the
management level, the higher the water quality improvement effect

due to the improvement of the flow in the estuary caused by the

,91,



increase in the discharge frequency.

However, since there is a limit to meeting the target water quality
of the estuary reservoir through management water level control,
watershed measures to improve water quality should be taken
together. Furthermore, an optimal drainage gate operation method
considering both short— and long—term effects on estuary reservoir
and watershed should be developed through the short—term rainfall
impact analysis on the watershed.

The results derived in this study can be used as basic data for
preparing the optimal water resource management plan for estuary
reservoirs that comprehensively consider the impact of hydrology and

water quality in the future.

keywords : Estuary reservoir, water quality, drainage gate,
management water level, watershed—estuary linkage
model
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