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Abstract

Non-point source (NP) pollutants in an agricultural landuse are discharged from a large area compared to those in
other land uses, and thus effective source control measures are needed. To develop appropriate control measures, it is
necessary to quantify discharge load of each source and evaluate the degree of water quality improvement by
implementing different options of the control measures. This study used Hydrological Simulation Program-
FORTRAN (HSPF) to quantify pollutant discharge loads from different sources and effects of different control
measures on water quality improvements, thereby supporting decision making in developing appropirate pollutant
control strategies. The study area is the Gyeseong river watershed in Changnyeong county, Gyeongsangnam—do,
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with agricultural areas occupying the largest proportion (26.13%) of the total area except for the forest area. The
main pollutant sources include chemical and liquid fertilizers for agricultural activities, and manure produced from
small scale livestock facilities and applied to agriculture lands or stacked near the facilities. Source loads of chemical
fertilizers, liquid fertilizers and livestock manure of small scale livestock facilities, and point sources such as
municipal wastewater treatment plants (WWTPs), community WWTPs, private sewage treament plants were
considered in the HSPF model setup. Especially, NITR and PHOS modules were used to simulate detailed fate and
transport processes including vegitation uptake, nutrient deposition, adsorption/desorption, and loss by deep
percolation. The HSPF model was calibrated and validated based on the observed data from 2015 to 2020 at the
outlet of the watershed. The calibrated model showed reasonably good performance in simulating the flow and water
quality. Five Pollutants control scenarios were established from three sectors: agriculture pollution management
(drainge outlet control, and replacement of controlled release fertilizers), livestock pollution management (liquid
fertilizer reduction, and ’manure management of small scale livestock facilities) and private STP management. Each
pollutant control measure was further divided into short—term, mid—term, and long—term scenarios based on the
potential achievement period. The simulation results showed that the most effective control measure is the
replacement of controlled release fertilizers followed by the drainge outlet control and the manure management of
small scale livestock facilities. Furthermore, the simulation showed that application of all the control measures in the
entire watershed can decrease the annual TN and TP loads at the outlet by 40.6% and 41.1%, respectively, and the
annual average concentrations of TN and TP at the outlet by 35.1% and 29.2%, respectively. This study supports
decision makers in priotizing different pollutant control measures based on their predicted performance on the water
quality improvements in an agriculturally dominated watershed.

Key words : Best management practices (BMPs), Controlled release fertilizer, Hydrological Simulation Program~FORTRAN
(HSPF), Liquid fertilizer, Non—point sources, Nutrients
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Fig. 1. Landuse map of the study area and the subwatershed delineation in the HSPF model
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Fig. 2. Summary diagram of the HSPF model set—up

SREAISE H253 AH2Z, 2023



Fu %ﬂ ol 2-gste A7 JedsS st
Axero g wjEstgich lwﬂ*H ELIESE

£ 5~69o] AT 7HAEE 70% Hel, ¥ £4 30
21 7~8€ell 30%U = :ﬂzgo}i ATHRDA, 2001).
oA 9] EHBEo| o|mA} WAL & AL}
9le-e TEsle] g HBAL HLL 5~6Yo] 7
20%, 7~89ell 10% ©1%] 2ol Zt 10% Axst= A& 7t
Astgct, v glRE oFnlel nbs AulE 5l1 glom F
2 397 1099 H|2E AMgst Qlonz 391} 1099
40%, 5~64°l 7t 10%4 Axs= Aoz /st &
Ay FutAd o)A AEE Ao HlEEH ARSI
qow AA Hu] AgES Esto] o] U o] AR
For Fstglrt. du Fdruory Aot Qi <o)
&Y Lee et al, (2000914 AAE Fts Edz 247t
4.2 g/kg, 0.34 g/kgS Agstgon f718944 9 77

dda, #7140 2 7718949 sxHlEe 40% : 60%=
7Hgskal Rediol A A w7 v 1293 139

A28 (Fig. 1) W slg WA= 656 ha, & 207 ha)ol 4t

=4 IH] TS Agerd. S22 20199 H=ed
YEAAF=(NIER, 2020)014 Alggt Aaoet SAME =
&, AT, AR RS eFFFERTIeA-AY 5%

IgE WARF 2 SAEE BYLEHE AHESe] =
3} 1= ol9le] Ao R TR Y §7140R FHY
sto] R =3} 'rofl A-g5t9ict. ofet o] A7 H etet
HlE, H), 2 dxge A4PHe dHiz mdy
MONTH-DATAES-S AHg3te] diztaz Agstglct.
Fig 3oﬂ Ayl = A]._Qg]._ﬂ QL =3} d oHa]E A5}

g o

T 149 25 (Fg Dol 932
AL AEYT AFL AL AR 5~89 T4 57
BOD, TN, TP A= & &-&5}3ict ndo] nAaxyge = 307H

(a)
20.0
= 16.0
£ 120
]
S 80
«
-
4.0
2
0.0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
(0
10.0
= 8.0
£ 6o
£
S 4.0
-
W 20
&
0.0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

(9]

o wppRSE o ohe
A=9lel wet &
S ARES ER e ABHMS Fol Tl o

o USEPAA] ?;4 St &
ZF—~BOD—TN—TP &0 2 7} =y A

[U o

=
w2 o2 2460 th(Table 1). &5 A8k 28+ §F
© R%@} NSE(Nash-Sutcliffe Efficiency)A|5S AF&5IC

™ BOD, TN, TPE= At @ 2} (%difference)?} R oGkt
AZ3E9 H[l O/SHE AHESHTh. SdREA f2
Az Hsh mo] Ferrt thA 2 ob R’eF NSE
ATE Aot H7HA] ol AHEEI 9lo

st 2ol Ao g BaHAo] ot Donigian., (2002)
ol A A AEH= At @ 2FH (%difference) ¥ ‘HSPF Lecture
note—15" (USEPA)OIA HilsH= O/SE ol ARESEL §le
w 7} AgE 23z gt A2 offet Zr

R ﬁ]—Eoﬂ

n

Y0~ 0,,)x(8~85,,)
R = == : ! (1)
\/E (Oz - Oawg)2 = : (S’ - Sa19)2
(0, — 5
NSE=1— "t @
3.(0-0,,)
0/$=0,,/ 8., &)

S)/ Z 0, X100 4)
i=1 i=1 i=1

o714 Of AE3, S' RogolH, O.= A&%e 3

T, Sue o5 WO T, ne AR Agelth A (1)

34 (€ ol 19 7He4E e YRS et

2] (3)3} 2] (4)+= Donigian., (2002)2+ USEPAS]A] A A3k

md g 77+ Agsigh. 4 (3)2 A%t Good

] ~aeN
(b)

I o=~ |l ro.r [ orzp

20.0

16.0
12.0
8.0
4.0

kg / ac / month

0.0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

(d

15.0
12.0

9.0
6.0
3.0
0.0

kg / ac / month

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig. 3. Monthly nutrient loads by fertilizer application: (a) paddy fields with liquid fertilizer application, (b) farmlands with liquid fertilizer
application, (c) paddy fields without liquid fertilizer application, and (d) farmlands without liquid fertilizer application

Journal of Wetlands Research, Vol. 25, No. 2, 2023



104 HSPFE 0|83 SYUH|H2HY z|HA2 Yot ME M= oS
Table 1. Calibrated parameters of the HSPF model
Variable | Block/Module | Parameter Description unit Range Optimized Value
LZSN Lower zone nominal storage in 0.01~100 91.113
INFILT Capacity of the soil in/hr 0.0001~100 39.574
PWAT-PARM?2 : : :
KVARY Behavior of groundwater recession flow 1/in 0.0~None 4.068
AGWRC Basic groundwater recession rate 1/day 0.001~0.999 0.986
DEEPER The fraction of groundwater inflow - 0.0~1.0 0.300
Fraction of remaining potential
FLOW & P - ~
PWAT-PARM3 BASETP E-T from baseflow 0.0~10 0.951
AGWETP Fraction of remaining potential E-T from B 0.0~1.0 0.618
active groundwater
USZN Upper zone nominal storage in 0.01~10.0 0.267
PWAT-PARM4 | INTFW Interflow inflow parameter - 0.0~None 99.043
IRC Interflow recession parameter 1/day 1.0e-30~0.999 0.017
KBOD20 BOD decay rate at 20 degrees C /hr 1.0e-30~None 0.015
TCRBOD Temperature correction coefficient B 1.0~2.0 1.047
for BOD decay
OX-GENPARM -
KODSET BOD settling ft/hr 0.0~None 0.010
BOD i i
SUPSAT Maximum allowable d1§solved oxygen B 10~2.0 15
supersaturation
BENOD Benthal oxygen demand at 20 degrees C mg/m*hr 0.0~None 1.0
OX-BENPARM i ici
TCBEN Temperature correction coefficient B 1L0~2.0 10
for benthal oxygen damand
SKPLN Plant nitrogen uptake reaction /day 0.0~None 0.5
rate for surface layer
NIT-UPTAKE UKPLN | Plant nitrogen uptake reaction rate for upper layer /day 0.0~None 1.0
LKPLN | Plant nitrogen uptake reaction rate for lower layer /day 0.0~None 0.5
™ KDSAM Ammonium desorption /day 0.0~None 0.05
KADAM Ammonium adsorption /day 0.0~None 0.03
NIT-FSTPM : e
KAM Organic N ammonification /day 0.0~None 0.02
KNI Nitrification /day 0.0~None 0.05
SKPLP Plant phosphorus uptake reaction /day 0.0~None 0.5
rate for lower layer
PHOS-UPTAKE | UKPLP Plant phosphorus uptake reaction /day 0.0~None 1.0
rate for lower layer
- LKPLP Plant phosphorus uptake reaction /day 0.0~None 05
rate for lower layer
KDSP Phosphate desorption /day 0.0~None 0.07
KADP Phosphate adsorption /day 0.0~None 0.04
PHOS-FSTPM - T -
KIMP Phosphate immobilization /day 0.0~None 0.05
KMP Organic P minalization /day 0.0~None 0.04
Table 2. Accuracy Indicators for evaluating HSPF model
Accuracy Accuracy Very .
indicator Category Average Range indicator Category Good Good Fair
DO 0.99 0.90 ~ 1.06 Sediment <20 20 ~ 30 30 ~ 45
o/s N 0.91 083 ~ 120 | difference | A <15 15~25 | 25~35
Quality
TP 1.40 1.10 ~ 1.82 Nutrients <15 15 ~ 25 25 ~ 35
olgol B uf A, A (i grol WSl el BER W 24 2 MRS T4
2] HAo AAElS
T s Table 2) B apadt e e FAuAedy AnA
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Table 3. Pollutant reduction scenarios
Category Scenario ID Peroids Removal rate Applied area
S1-1 Short—term N: 31.5%, P: 41.8% 4.5% of total paddy area
Drainage outlet control | S1-2 Mid-term N: 31.5%, P: 41.8% 37% of total paddy area
Agriculture S1-3 Long—term N: 31.5%, P: 41.8% total paddy area
Replacement of S2-1 Short—term N: 37%, P: 38% 10% of total paddy area
controlled release
fertilizers S2-2 Mid-term N: 37%, P: 38% Total agriculture area
o B S3-1 N, P: 10% o B _
Liquid femhzer $3-2 Mid—term N, P: 20% Total liquid fertilizer applied
reduction area
_ $3-3 N, P 30%
Livestock Sa-1 N. P 10%
Manure management
of small scale livestock | S4-2 Long—term N, P: 20% Total agriculture area
facilities S4-3 N, P: 30%
' 55-1 N, Pt 10%
Population Private STP S5-2 Long—term N, P: 20% Total study area
management
S5-3 N, P: 30%
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