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Estimation of Pollution Loads to the Geum-River Estuary for
Precipitation Conditions Using a Semi-distributed Watershed Model
STREAM

Euisang Jeong, Hong-Lae Cho, and Bhon Kyung Koo'
Hydrocore Ltd. Watershed Environmental Research Institute, Seoul 08501, Korea

FO

D) FHAM Gk, AR AYA, F
Z. =z —L

_Q_ ~1 1
AT 92 STREAMS o83t 7-§-

—_L

= il

Frojol}, & we : 7

ok STREAMS: 7912 3198 A% T, 3% s oo 22 Bsh, 048 7oz f9 ) &

op, B g e meldh 551, 1o A7)0 ket Jee =) A gEsalsh Batpel 2 Bl 0] B
g

MNE Bog A RFEFS AR 5= Q1o = 4 sh7S Zolof| Jgsict. Fsk7-el st 14
5 918 A8, EXolg, BEA, 71, 2449, AL T AT ARE © .

A719] 219,689 ZdHE AR} 1977] Ao ® FAE I B BA7ITRS: 20140] 1, 747171 2015-2016
dolu], £ U] §29 74 #SAR 7+ 47lol tiste] B HAAS TGt -2 AlvE] e 24 93
H 2099 A ARE 0] Foleh Alve] 2. meojd
S e Fad oin) 2d ) 39 64.1% AAska, Had o] B4d 0 39 33.3% 78T TOC,
TN, TP2] 3t ah FYF-st2 Fad oin] 24532 A9 63.1% 7HAskal, B o] S7de] 49 18.6%
ks Ao Uebdth = $4 s S ol Had i) ded ] et et el el
F fhano] A AkAaFe vlsl] A vehbks 21 7Fe A7) e ERE 9lE) shdEEe] 1askelr] w
o7 dAgE)

ox

ofo
of
ol
2
o,
4
L
-
)
I\S)
~
i,
&
'L
~
S
S
S
=
ofol
i
'L
Py
)
=)
S
o)
N
o
r>~
o
ol

Abstract — The Geum River Estuary Watershed is located in the central area of the Korean peninsula. The upper
watershed is mainly covered with forest, whilst the lower watershed is mainly agricultural area. This study applies
a semi-distributed watershed model to estimate pollution loads entering into the Geum-River Estuary under vari-
ous precipitation conditions. The study applies watershed model STREAM (Spatio-Temperal River-basin Eco-
hydrology Analysis Model) that represents the watershed with square grid cells and rivers with links-and-nodes.
The model simulates hydrological and biogeochemical processes mainly using physically-based equations. The
model is highly applicable to agricultural watersheds where paddy fields are distributed along valleys, as it esti-
mates irrigation abstractions and surface runoffs from paddy fields taking into account the optimal water depths
and the openings of drainage gate in accordance to the growth curve of rice. The STREAM was set up for the
Geum-River Estuary Watershed using national and local data sets of topography, land-use, soil texture, weather
data, point-source pollution loads and river hydraulic structures. The watershed is represented with 219,689 grid
cells of 100 m x 100 m, and 197 sub-catchments. The model was calibrated for one years (2014) and validated for
the following two years (2015-2016) using streamflow and water quality data observed at four monitoring stations
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across the watershed. For precipitation scenario analysis, the normal year (1997), the flood year (2003) and the
drought year (2001) were selected from the latest 25 year period. The simulation results show that: i) river flows
increased by 33.3% and decreased by 64.1% in the flood year and drought year, repectively, compared to the nor-
mal year; ii) water pollution loads increased by 18.6% and decreased by 63.1% in the flood and drought year,
repectively, compared to the normal year. This implies that irrigation abstractions can greatly affect the river flows
and water quality of agricultural watersheds particularly in drought years making those agricultural watersheds
more susceptible to droughts.

Keywords: Geum river(74), estuary(3}7), watershed model(+%3 =-20), non-point source pollutant(?]7d 2.53-)
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Catchment

Area ratios for land use (%)

Area ratio (%)

urban paddy field dry field forest etc.

Nonsancheon 24.9 6.6 24.6 13.8 49.7 54

Jicheon 11.6 33 18.3 8.1 65.1 53

Tributary catchment Geumcheon 7.5 5.0 34.9 10.0 44.9 5.2
Seoksungcheon 6.8 6.6 37.9 16.7 33.0 5.8

Ganggyongcheon 5.7 10.0 43.1 13.6 28.5 4.8

etc 32.7 6.5 38.5 9.3 35.6 10.1

Coast catchment 10.8 17.1 26.5 10.7 324 13.4

Total 100.0 7.4 31.3 11.2 4.3 7.7
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subcat 2

subcat 3

Agriculture/Forest areas :

paddy field, reservoir, weir,

Urban areas :

flow gate, irrigation, fertilizer,

particulate matters build-up

and wash-off, combined sewer,

crop growth

Dividing the watershed into
square cells of same grid size

separated sewer, collected and

overflows, road sweeping

Fig. 2. Representation of a watershed using square grid cells and node-link structure in STREAM.
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(a) water
Fig. 2. Water and nutrients mass balance in the paddy fields.
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Table 2. Manure and fertilizer for paddy fields and dry fields

Fertilizer
It M kg/h:
ems anure (kg/ha) N (ke/ha) P (ke/ha)
Paddy fields 12,000 90 30
Dry fields 15,000 52 51
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Fig. 4. Monitering stations for flow rate and water quality.
Table 3. General performance ratings for recommended statistics for a monthly time step (Moriasi et al. 2007)

Index Very Good Good Satisfactory Unsatisfactory
PBIAS PBIAS <10 +10 < PBIAS <+#£15 +15 < PBIAS <#£25 +25 < PBIAS
RSR 0.00 <RSR £0.50 0.50 <RSR <0.60 0.60 <RSR <0.70 0.70 <RSR
NSE 0.75 <NSE < 1.00 0.65 <NSE <0.75 0.50 <NSE <0.65 NSE <0.50
R? 0.50 <R? R*<0.50
Moriasi et al.[2007]°14 AASl= ZF B7hdAME deke] 27 7 T4 B4 9 AL w19 4 BEAR A1, =31, A8

2 Fastel Auislel Ae9) moltel i yﬁx O FFEE 2, =AHHARIA SS, TOC, TN, TP 5 471 &%) st 05 gk
337}.5}_0111;]_(Table 3). H2ozks H]ﬂg}‘%‘\\:}(Fig. 3). AHE 4 ASFE T2 8-

2 B4 4 AR 19 % A=AA (:FL%-, @'%, '?‘{",
*P)A Y53 Bofgke nlasiSitk(Fig. 5). AAA o2 7%
ke VI fARE AL Holw ot HERelA
7)ol wet sparbEe Ao ek, BY 8 B
YA BHE 0, PBIASE W% Y /) BT o1

ool

>

92 BSih(Table 3). A% A2HE 24, 17 717& g
€] RSR, NSE, R*B/HEE Al9I3 2E 350 95 57 o]
Aol AR woAFE R, frF molglol BEQh RAKE BT
& noji= Zlow w,

Al 8 THA SR AFH FroRA e Al #AFo| A ot
To%ke] ATl thst Frlof| Ags oz ARE &= vl ¢l
Sl 23t Qlo], B B Ut A% F PBIASYHS:
ol g3te] 71AE=e] IS BRIl B A% 717k 4
Agrmy it 1 oA te) thsl PBIASS B, SS& 27.9%S}
22.7%, TOCE 22.2%S} 18.1%, TN 16.8%SF 17.0%, TP
38.7%$} 37.3%= Z4ZF YERSLTE RFA €akg] Ro| ATl st
PBIASE KW, SS*= 36.8%9} 25.5%, TOCE 21.6%%} 18.8%,
TNL 16.0%%} 16.3%, TP 39.5%9} 32.4%<] A5 BTt
(Table 5). L5 Aol TSFRET; Bogho] Ff = Ha4 5
A Ao® Jegton dAld o ® d5ke] A3 Alds)
= Ao% dgken,



222 RS e
(a) Guryong —Qobs - Qsim  —Rainfall
400 -
< 350 L 10 é
& 300 €
E 250 F20 g
o 200 I 30 %
2
© 150 | 40 =
©
2 100 <
T 5 | L | rso s
H o
0 Feo . l_‘..Jl_L \ LL . thL( - o . A il 60
14/1/1 14/4/1  14/6/30  14/9/28  14/12/27  15/3/27  15/6/25  15/9/23  15/12/22  16/3/21  16/6/19  16/9/17  16/12/16
(b) Seokdong —Qobs - Qsim  —Rainfall
400 -
=
‘5350 1 L 10 £
300 4 €
E 250 - r2 E
2 200 - L3 2
- s
© 150 - =
40 =
3 100 £
Z 50 | ! L ; 50 g
: e bl Ll BN DY 0 TR P VPR -
14/1/1 14/4/1  14/6/30  14/9/28  14/12/27 15/3/27  15/6/25  15/9/23  15/12/22 16/3/21  16/6/19  16/9/17  16/12/16
(c) Woogon —AQobs - Qsim  —Rainfall
400 - - 0
)
7350 EUES
300 4 €
“E 250 F2 E
LJzoo 1 L 30 %
© 150 | | 240 =
g 100 - "E
T 50 4 . . [ S0 3
0 il 1L' JML % i — . i I'L e " " . | T ‘il . 60 o«
14/1/1 14/4/1  14/6/30  14/9/28 14/12/27 15/3/27  15/6/25  15/9/23  15/12/22  16/3/21  16/6/19  16/9/17  16/12/16
(d) Nonsan —Qobs - Qsim  —Rainfall
0 - 0
T i T —_
5350 ! H r f 10 £
Q B S~
& 300 4 £
E 250 F20 E
:Jzoo L 30 %
© 150 L a0 .
3 100 ..g
2 s L L : l e
0 4 ' | - P WY " T . ,uéx Y |- iy Ad o e
14/1/1 14/4/1  14/6/30  14/9/28  14/12/27 15/3/27  15/6/25  15/9/23  15/12/22  16/3/21  16/6/19  16/9/17  16/12/16

Fig. 5. Observed and simulated river flows for the calibration (2014) and validation (2015-2016) periods at the 4 monitoring station.

Table 4. Daily and Monthly performance indexes evaluated for river flows at the flow-rate monitering stations

Index Guryong Seokdong Woogon Nonsan Average
Cal Daily 0.362 0.659 0.724 0.861 0.652
R ' Monthly 0.790 0.941 0.784 0.967 0.870
Val. Daily 0.648 0.677 0.577 0.667 0.642
Monthly 0.904 0.954 0.951 0.932 0.935
Cal. Daily 0.342 0.624 0.722 0.833 0.630
NSE Monthly 0.788 0.885 0.778 0.954 0.851
Val. Daily 0.602 0.592 0.533 0.518 0.561
Monthly 0.878 0.829 0.944 0.671 0.831
Cal. Daily 0.811 0.613 0.528 0.409 0.590
RSR Monthly 0.460 0.339 0.471 0.214 0.371
Val. Daily 0.612 0.639 0.676 0.694 0.655
Monthly 0.349 0414 0.236 0.573 0.393
Cal. Daily 3.107 2.909 3.822 9.023 4.715
PBIAS Monthly 3.011 2.402 3.899 9.111 4.606
Val. Daily 13.190 8.341 4.722 7.184 8.359
Monthly 11.338 11.116 6.361 6.804 8.905
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Fig. 6. Observed and simulated SS, TOC, TN, TP concentration graphs for the calibration (2014) and validation (2015-2016) periods at

Jicheon-1 station.

Table 5. Performance indexes evaluated for river flows at the river stations

Index Jicheon-1 Geumcheon Seoksung cheon2  Nonsan cheon4 Average

Cal Daily 55.8 11.8 29.1 15.0 27.9

SS ' Monthly 55.6 15.4 45.1 31.0 36.8
Val. Daily 14.2 19.4 32.8 24.2 22.7

Monthly 24.5 39.2 20.4 17.9 25.5

Cal. Daily 0.9 7.9 45.5 34.4 222

ToC Monthly 1.5 7.6 43.6 33.5 21.6
Val. Daily 11.4 32 28.9 28.9 18.1

Monthly 10.7 5.2 29.7 29.6 18.8

Cal. Daily 12.9 1.7 30.5 22.1 16.8

N Monthly 10.2 1.0 31.6 21.1 16.0
Val. Daily 19.9 12.7 20.1 15.4 17.0

Monthly 16.5 10.5 21.0 17.0 16.3

Cal. Daily 32.1 47.8 37.1 37.5 38.7

TP Monthly 29.9 51.4 36.4 40.5 39.5
Val. Daily 24.4 444 48.4 322 373

Monthly 19.4 39.9 40.4 30.0 324
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Table 6. Selected model parameters and values for the calibration of stream flow and water quality

Parameter Unit Description Calibrated Value Class
linkWFactorl - Muskingum-Cunge weighting factorl for K when bank is full 0.95 Water
linkWFactor2 - Muskingum-Cunge weighting factor2 for K when bank is 10% bankfull 0.05 Water
linkWFactorX - Muskingum-Cunge weighting factor X 0.25 Water

IntfRC day™! Interflow recession parameter 0.3 Water
Kgwr day™ Ground water recession parameter 0.01 Water
TstarC1 - Dimensionless critical shear stress for clay 0.4750 Sediment
TstarC2 - Dimensionless critical shear stress for silt 0.1240 Sediment
TstarC3 - Dimensionless critical shear stress for find sand 0.0332 Sediment
TstarC4 - Dimensionless critical shear stress for coarse sand 0.0156 Sediment

Fbiosyn - Fraction of biosynthesis for organic matter decomposition 0.05 CNP
Fref - Fraction of refractory matter for organic matter decomposition 0.05 CNP
Fco2 - Fraction of CO, release for organic carbon decomposition 0.94 CNP
Fnh4 - Fraction of NH, generation for organic nitrogen decomposition 0.80 CNP
Fpo4 - Fraction of PO, generation for organic nitrogen decomposition 0.80 CNP
KLPOM day™! Labile Particulate Organic Matter decomposition rate coefficient 0.050 CNP
KRPOM day™! Refractory Particulate Organic Matter decomposition rate coefficient 0.001 CNP
KLDOM day™! Labile Dissolved Organic Matter decomposition rate coefficient 0.150 CNP
KRDOM day™! Refractory Dissolved Organic Matter decomposition rate coefficient 0.010 CNP
Knitr day! Nitrification coefficient 0.500 CNP
Kdnit day™ Denitrification coefficient 0.050 CNP

Table 7. Inflows to the estuary from watershed at 77 border points

Items Scenario
Normal year (1997) Drought year (2001) Flood year (2003)
Flow rate (10° m’/yr) 1.950 0.700 2.600
SS (10® kg/yr) 2.240 0.176 3.701
TOC (10° kg/yr) 5.977 1.891 7.737
™N (10° kg/yr) 2.962 1.347 3.182
TP (10° kg/yr) 1.363 0.458 1.621
Table 8. Water balance results for grid cell unit under precipitation scenarios
Seenario Normal year (1997) Drought year (2001) Flood year (2003)
mm/yr % mm/yr % mm/yr %
Rainfall 1,405.5 95.0 738.2 83.5 1,693.7 97.6
In Irrigation 74.0 5.0 146.4 16.5 41.5 2.4
Sum 1,479.5 100.0 884.6 100.0 1,735.2 100.0
ET 551.9 37.3 670.3 75.8 569.1 32.8
Out Discharge 899.2 60.8 321.4 36.3 1,199.0 69.1
Sum 1,451.1 98.1 991.7 112.1 1,768.1 101.9
Storage Change 28.4 1.9 -107.1 -12.1 -33.0 -1.9

F-20 Ave] el SR A SR fr3dshe TOC
2 i 598 x 10° kefyr, 27 1.89 x 10° kefyr, T
7.74 % 10° kg/yrie. VFERE O, TN 62 857 2.96 * 10° kg/yr,
Z9d 135 x 10° kg/yr, &5 3.18 x 10° kg/yr® LEFH O,

z
ol
=0
ol

TP H-8Fke B 136 x 10° kefyr, 255 046 x 10° kefyr, 25
1.62 x 10° kg/yr? LERGTHTable 10). 3857 ] Z<232] TOC, TN,
TP 3 FUN-3IRRE 4 63.1% 23k, o= o] 342d9) )
T FeFES T 18.6% S7/Feh= A0 ® YERTE TOC, TN,
TP ATk el Y f3<] A3 e Azt Zlew 3
7FESlth. TOC, TN, TP 225A] F4elA 292271 Ave] e
IS TOC 1,326~1,329.3 kg/halyr, TN 37.5~38.7 kg/halyr, TP
8.3~8.5 kg/ha/yr® & 2|7} WA 9EAIRE {=%2- TOC 8.7~35.7
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Table 9. Sediment mass balance for grid cell unit under precipitation scenarios

Scenario Normal year (1997) Drought year (2001) Flood year (2003)
kg/ha/yr % kg/ha/yr % kg/ha/yr %
Soil erosion 3,468.1 99.5 793.0 97.9 3,530.3 99.8
In Irrigation 17.4 0.5 16.9 2.1 7.4 0.2
Sum 3,485.5 100.0 809.9 100.0 3,537.7 100.0
Settling 2,451.7 70.3 728.7 90.0 1,829.5 51.7
Out Discharge 1,033.8 29.7 81.2 10.0 1,708.2 48.3
Sum 3,485.5 100.0 809.9 100.0 3,537.7 100.0
Table 10. Carbon, nitrogen, phosphorus mass balance for grid cell unit under precipitation scenarios
Scenario Normal year (1997) Drought year (2001) Flood year (2003)
kg/ha/yr % kg/halyr % kg/halyr %
C 776.8 58.4 776.8 58.6 776.8 58.5
Litter residue N 11.6 30.0 11.6 30.9 11.6 30.0
P 1.2 13.6 1.2 14.0 1.2 13.7
C 551.4 41.5 546.8 41.2 551.3 41.5
Manure fertilizer N 19.5 50.5 18.5 49.3 19.4 50.3
P 7.3 86.1 7.1 85.4 7.3 86.2
C - - - - - -
In Air deposition N 6.6 17.0 5.4 14.4 7.1 18.3
P - - - - - -
C 1.2 0.1 2.4 0.2 0.7 0.1
Irrigation N 1.0 2.5 2.0 5.4 0.5 1.4
P 0.0 0.2 0.1 0.6 0.0 0.1
C 1,329.3 100.0 1,326.0 100.0 1,328.7 100.0
Sum N 38.7 100.0 37.5 100.0 38.6 100.0
P 8.5 100.0 8.3 100.0 8.5 100.0
C 1,199.1 90.2 1,317.6 99.4 1,157.5 87.1
Air emission N 4.1 10.7 7.2 19.1 32 8.2
P - - - - - -
C B B B B - -
Plant uptake N 22.6 58.5 23.5 62.6 22.7 58.9
P 8.6 100.5 8.3 100.5 8.8 103.0
Out C 276 2.1 8.7 0.7 35.7 27
Discharge N 13.7 354 6.2 16.6 14.7 38.0
P 0.6 7.4 0.2 2.5 0.8 8.8
C 1,226.7 92.3 1,326.3 100.0 1,193.2 89.8
Sum N 40.4 104.6 36.9 98.3 40.6 105.1
P 9.2 107.9 8.6 103.1 9.5 111.8
C 102.7 7.7 -0.3 0.0 135.5 10.2
Storage Change N -1.8 -4.6 0.6 1.7 -2.0 -5.1
P -0.7 -7.9 -0.3 -3.1 -1.0 -11.8

kg/ha/yr, TN 6.2~14.7 kg/ha/yr, TP 0.2~0.7 kg/ha/yr &2 23
o) 7hadtar, del F7keke 210 UERITH(Table 9). H4d
] Z=7de] TOC, TN, TP F&% 4T SRAE4 14s
QIgh &} s Fd Oiv] Z-de] EY2E7} 0.05°C 35
o Wb % F F71E F3l(decomposition), 713}
(mineralization) & "= &0 TV Whio = welE).

7&5-z70] sk A= S B A9 Bd

(normal year), 2= (drought year), €=\ (flood year) P&

9] S8, TOC, TN, TP 3¢ F 55 v|walin), 457 Alue]
o HFESY AFH SS T Tl 46.3 mg/LE 7
A =L FEE BH3oH, TOC, TN, TP 5= 2+ 3.7 mg/L,
3.28 mg/L, 0.145 mg/LE Z57del| 71 352 5 5=F R QITH(Table
11). SS ¥H¢ FEE= J530] 588.3 mm/mon®E 7FF e F5=
| 790l 261.8 mg/LE 7HY =2 #hS H3oH, o] 79l
3 &=l Tk Ak ol s 548E 2 vehdle Jo= &

GETH(Fig. 7). TOC €3+ F57F 257 590 7 531, TN,

1o
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Table 11. Yearly average concentrations of SS, TOC, TN, TP under precipitation scenarios

Scenario SS (mg/L) TOC (mg/L) TN (mg/L) TP (mg/L)
Normal year (1997) 45.7 2.8 2.03 0.064
Drought year (2001) 11.9 3.7 3.28 0.145
Flood year (2003) 46.3 33 2.54 0.108
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Fig. 7. Monthly average concentrations of SS, C, N, P of river discharge under precipitation scenarios (N: normal year, D: drought year,
F: flood year).

M Irrigation_N m Irrigation_D M Irrigation_F 3 Rainfall_N : Rainfall_D 2 Rainfall_F

=
o ~— 0
E -
E -1005
E &
s (20 g
® £
3 L300 T
pot o
-t
2 e
® 400 —
o0 T
-: -
= L sp0 £
£ e
@ -GODE
£ =]
z :
£ 7% 2
5
s 800

month

Fig. 8. Monthly rainfall and irrigation of paddy fields under precipitation scenarios (N: normal year, D: drought year, F: flood year).
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