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Modeling Daily Streamflow in Wastewater Reused Watersheds Using System Dynamics
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Abstract

This study presents a system dynamics modeling approach to simulate daily streamflow in a watershed including wastewater treatment plant which
contributes to irrigation water supply. The conceptual system dynamics model considering the complex and dynamic hydrological processes in the
watershed was developed. The model was calibrated and validated each for two years based on observed flow data. Model performances in terms of Ens,
RSR, PBIAS, and R? were 0.64, 0.60, -3.6 %, and 0.64 for calibration period, and 0.66, 0.58, -2.6 %, and 0.66 for validation period, respectively, showing
an applicability on generating the daily streamflow. System dynamics modeling approach could help better understand the hydrological behavior of the
watershed being reused wastewater for agriculture, by providing graphical dynamics of the hydrological processes as well as conventional rainfall-runoff

model results.
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Fig. 1 Established conceptual hydrological model using a system dynamics
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Fig. 3 Daily streamflow stage at the Tap—dong streamflow gauging station
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Fig. 4 Daily effluent discharge from the Osan wastewater treatment plant in the study watershed

Table 1 General performance ratings for selected statistics for a monthly time step (adopted from Moriasi et al., 2007)

PBIAS (%)
Performance rating Ens RSR
Streamflow
Very good 0.75 < Eyg < 1.00 0.00 < RSR < 0.50 |PBIAS| < 10

Good 0.65 < Eyg < 0.75

0.50 < RSR < 0.60 10 < |PBIAS| <15

Satisfactory 0.50 < Eyg < 0.65

0.60 < Ey¢ < 0.70 15 < |PBIAS| <25

Unsatisfactory Eyg <0.50 Eyg>0.70 |PBIAS| > 25
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Table 2 List of calibrated parameters of hydrological systems for monthly evapotranspiration, streamflow, and groundwater level for the

study watershed

Parameters Description Range Calibrated value Unit
T ubs Abstraction ratio 0 ~1 0.60 -
SC Storage capacity - 7200 10°m®
Cper Percolation coefficient 0.10
Cova Evapotranspiration coefficient 0~1 0.36 day_1

Chwrunoff Groundwater runoff coefficient 0.95

Table 3 Model performance evaluation measures on daily streamflow for the entire simulation period (2010~2013)

i Streamflow (mm
Period Rainfall w (mm) e - PBIAS R
(mm) Observed Simulated (%)
2010—-2011 3446.5 4186.9 4035.6 0.64 0.60 -3.6 0.64
2012—2013 2990.4 37281 3631.0 0.66 0.58 -2.6 0.66
PBIAS= 202 0] AZ2] tiv] Ihf| = 2p4 =74 59 "
B AL Julsn] H2ghe 0olck. PBIAS gho] H
—_— Observed —Simulated
952 myo] moly} Heste Uehyo), the Ao w3l 7
ge, T
3
=
n X g
[Z( )/iObS_ Y;szm) % 100 g
PBIAS = ———— (18)
0]

i=1

Uiz o2 Y o] AT AR 0] e s S
A5 & RrYstA] 3517 wiiZell (Engel et al., 2007), Exs,
PSR, 712|311 PBIAS 5-2] A H o] thet &3 o] 234
Moriasi et al. (2007)0] Yetk$] 1 o]0 sl Al Aeksl 7| &=L
Zzashoch w3k R2Q) A<, 0.5 oAk ZHe B ol Ao
o] A=A E & HHYgsi= A 02 ATt} (Santhi et
al., 2006).

AEARE 532010 5E 2013139 A 2o)7)7F
Z 20109 EE 2011U7HAE BA 7|72, 20124 E]
201375 A 717E o2 A AL, 2008 AHE] HoJFhe.
M o] 27|k whE e Aokt By B
AL TheA 2L Q -2 A2-510] Exs©FRSR, 18] 11 PBIAS
£ SR dRaEol tiek vizivE 22 skeloinh
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Fig. 5 Observed and simulated (a) flow duration curves and (b)
daily streamflow for the calibration period (2010~2011)

201047} 201100] $2F AR olgalo] wHe) 1,
SC, Cers Covar LRIAL Cpuprunogy &S TS HASIAT
(Table 2). ?:l%—% of ti3f| HAGF A1} Ens+= 0.64, RSRS
0.60, PBIAS=-3.6 %, 12|31 . 64=, IO §-ETFo] Al
Z 0 =ako v w A ZF B olsk= A 0 2 BAE] QT (Table 3)



0z
ro
1z
0x

o

il
>
40

(Moriasi et al., 2007).

o] AT BAH WFS AT A= A
v moj o 452 vl 1YL BoAE seket 4 ok
W7178] et S BTALE BN B fEFL 159
M A5 REFS v :
A%loll A Tk 2ol g meith HA7IZE Bt e

o] Az]9} w]7) o] WakE Bo) 2P| 79
S Ao ekt

S
=

=

o
|

=

2, 2ol #Y

HAHE w75 o]8ate] By o] f-ETFol et A%
AT}, Ens= 0.66, RSRE 0.58, PBIASE=-2.6 %, 18]3LR®
£0.6602, O] 3-ETFo] AZ {EFS v & nolst
L 702 BAE| 9t} (Table 3) (Moriasi et al., 2007). A%
717te] gt RS FallAl BA 7T A el o] 2o
FEFE IeoX= A5 2 vy Z vhgske
Ao BAEG o H=9loA= tha 2lolE Bl
A713 Bt By o] ol df-ETFo] ASA| 9] Fe-7=
SHERSS 2 vl 2 0 & YERITh (Fig. 6).

oHvow &

3. 2o SEHA ofsH

HAE v S v B2 Aol mhE AL
Blo] 444 93-S A H 0 2 Falghe = Mgl o3
2 7hs3p) Stk (Fig. 7). ole} e =A% Ba e Bejx)

Evapotranspiration
Coefficient
Surface
Pracipitation

Abstraction Ratio Storage Capacity
<20 =

Sof Mi]tmz

Percolation i
% -

Coefficient
Groundw[i

Storage

wd

¥

TEEgl Y F= A AT 2 S o ¥t
of whe} ZAIAE] A O] MatabyS Bt A olsid 4
QL= ik
1000
—_— © Observed —Simulated
7, o
a
3
2 w0
=
-
E
©
2
‘% 1
0.1
[} 20 40 60 80 100
Percent of time (%)
10,000.0 TT ”[ U-I” L AL R l'l]'l'“ A 00
1,000.0 2000
T
E 1000
2
2
E 10
g
&
10
mmPrecipitation  © Observed —Simulated

01 1,000.1
Jan,2012  Apr,2012  Jul,2012  Oct,2012  Jan,2013  Apr,2013  Jul, 2013  Oct, 2013

Date
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