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Abstract

Implemented since 2004, TPLC (Total Pollution Load Control) is the most powerful water-quality protection program.
Recently, uncertainty of prediction using steady state model increased due to changing water environments, and necessity of a
dynamic state model, especially the watershed model, gained importance. For application of watershed model on TPLC, it
needs to be feasible to adjust the relationship (mass-balance) between discharged loads estimated by technical guidance, and
arrived loads based on observed data at the watershed outlet. However, at HSPF, simulation is performed as a semi-distributed
model (lumped model) in a sub-basin. Therefore, if the estimated discharged loads from individual pollution source is directly
entered as the point source data into the RCHRES module (without delivery ratio), the pollutant load is not reduced properly
until it reaches the outlet of the sub-basin. The hypothetic RCHRES generated using the HSPF BMP Reach Toolkit was
applied to solve this problem (although this is not the original application of Reach Toolkit). It was observed that the impact of
discharged load according to spatial distribution of pollution sources in a sub-basin, could be expressed by multi-segmentation
of the hypothetical RCHRES. Thus, the discharged pollutant load could be adjusted easily by modification of the infiltration

rate or characteristics of flow control devices.
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Fig. 1. Study area and monitoring stations.

Table 1. Landuse characteristics of study area

Buk-an stream

Legend

® Monitoring Sta.
- Stream
[] watershed

Landuse
Upland field Paddy field Forest Urban land Others Total
Buk-an stream Area (km?) 6.26 11.67 60.57 6.64 6.98 92.12
Watershed Percentage 6.8% 12.7% 65.7% 7.2% 7.6% 100%
RO, Korea Area (km?) 8,311.09 11,517.76 64,080.69 7,919.45 8,454.96 100,283.95
Percentage 8.3% 11.5% 63.9% 7.9% 8.4% 100%
AATE ol Jeon et al. 2011)2 <AHLR 2FH U 25EH g9 wWEFotgel §2 A4, 53 e 2
RCHRESE &#&3to o773t stal, ol & & &F9 AIZbE HIRE f2 544w Agde dde xdst
Hell M B B2 Begs & 5 U=EF IS FH sk 7] Sl E 9 2P RCHRESAA =9 F743<Ql
AT o AekFig, 20). THAE BFHT ALAFA & A%l Bage,
3 wMEpeRe A= A% Q98 4¢
RCHRES WX eHd=dE& AFAZ & = 7% 2 2 2.2.2. HSPF BMP Reach Toolkitl X8t
drde A7 7] dEd f2 FHEE FYEIANA HSPF= ¢ Z&Fola £2 HEFJE I F9ET
Adstedl F2stA @gh o, EX(PERLND, IMPLND)e]41¢] BMPs Z &< &
ol o]f= A BS dATFAEC] fEeS 9 v 3t7] 918 BMPRAC 59 EEo| =2 AFHAT, AA
FEE fEFaEs FATFHERY 2 985 T A AFEAIE 58 EFete sHATINA9 BMPs A4

S APHoz AEs7)dde AT AR THLee, 2011). ©]
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Fig. 2. Schematic representation of of single- and multiple-segmentation.
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Fig. 3. Flow diagram for the HYDR section of the RCHRES application module.

[olI

a4 stE| x| HM323 Mes, 2016



Ho| RY T MEYel H7 593

e {“e;\c = ]
“““é’c“ats -
X ~_ -/  -DischargedL0AD

T T P l by TPLMS method

' oS S - l l L l l
N i =/ OFL02

\ L~

Fig. 4. The concept of delivery process using hypothetic RCHRES.

Adel thet gaste £2 HYe AHHOR Adstd
188 & AArkFig. 4).

4993 Ade oz ot ogde T 49 W)

=

o

J

= 4
WEse WMEFe] 44 492 5 UEF SAThFig. 5).
of Wl xFol AHste WEFFS TIeAF wt Y
Stk 9, EXAZ iR
SRE, TIAfES 5 29

9 71502 EXo]gd wa s} sHssit)

A S| <
Y 9 d3HEe AA 7IERF A7 f3xdd w
& #EFetd 2 f2es FIAEF AASL ATk o
o 7IE#E AHY fEes AP @M HE = AF
H FYEIoRRE AT I FFA7IC T e

Del. Loads

Del. Loads

i (Dis.Loads x D.R.)

RC “R“S

2 4 @ wet Wgsan ANA L& mARER
AAE FLRo R ke/day)ol W, L= 71A12e]
H QPP EH S (kelday) S IS,

F

o,

50

Deivery Ratio (DR)i =

@

e

e
o

Z7E SPSS SARAN Z2a
Arstden, A 3)F 22
Zre) BAAANA () 2
At 29 B3 (km’)o]

gl ofN
5
M
1%
o

>,

o
i)
Jo
of
vy
Jo

o X2 g
I

2 o2
Mo N

i 2
g -

o X
=)
o
)

Qﬁ
Delivery Ratio (DR) = o ( Ve ) (€©))

ke VERTAIEL &
Hette AI71E VIS E S8tk &
A #9999 #F¥ RgAH=R
%8 =
VNERE AHY /2
A7 ZUEHE 2 sARNES
2 /FEES AES b e 39 BAEAERE 4E 7
£A18 #FHI1A(Gyeongsangbuk-do, 2015)
oA Z12AE) AAE B §99 f2eH

= o

Dis. Loads

d g

Dis. Loads A
N “c\\\lﬁ
pel

fms.ms

ROHRE

4 mm‘ Dc\.\\(z\\\“‘"

OFLO2

Fig. 5. The multi-segmentation concept of hypothetic RCHRES for pollutants delivery.

Journal of Korean Society on Water Environment, Vol. 32, No. 6, 2016



594

- U8

Legend
DEM
Value
High: 1187.9

V

0 5001000 2000 3000 4,000
o — — oters

Low: 62,8257

[ subbasins

(a) DEM
Fig.

= A7IZ Aok stER, F5A F97HA
T3t Thiessen ¥4 23 F3A ©
A7 FFEA aFeted, 71gde] AP B,
grle, 5, AAE 2 JUSsE ALF
WDM(Watershed Data Management) database S

oh E3F 1:5,000 FAAZZRE SFE 30x30 m9)
I =R d(Digital Elevation Model, DEM)S AAzt
BASINSel &3t 749 279 T4 thFig.
6(a), 6(b)). &FHY E&o| QlojME 34 7[EAES
Faste S9Fd 2 4 279 74 wEsReH, &
3 AgFI9Y 2y A 2P S H9

1
Ho o
18
rlo

N30 Rl of e ome T

Legend

[ subbasins

Stream

0 5001,000 2,000 3,000 4,000
[ =

(a) Subbasins of Buk-an stream

Fig. 7. Boundary of hypothetic RCHRES and subbasins of Buk-an

o

=2 sts|x| A Hes, 2016

I!

(b) Sub-basins
6. DEM, sub-basins and landuse of Geumho-A watershed.

05001000 2000 3000 4,000 0 5001000 2000 3000 4000
o — m— Veters o — —

Meters

(c) Landuse

S L@ EREY FAYYE ¥4 2
AT.(NIER, 2012)°4 +FA AlF ZUEHH
1A EXol8EE SF KA 2008 A=t

A2 9P ZRAK2005~2013)
A8E &&3Y &R SFE(FHESTE) FE7A 1Y
stttk ES §9 WEFSF AR 394 7IE2AE
AANE ARE o] &3HTh A, FIA F9 Ul A3
5y ZAS @ RYE FHHA g2 s &
T ol g3ta] Hod FHZ YHsAnh

oA 107 &F9e2 E33E, 2 RCHRES

REgMY

L 42
o i(lo i

A

2RO
TE=
[SXeERe)

TF(QT:

Legend
[ subbasins

—— Stream

i7" hypothetic subbasins

2,000 3,000 4,000

0 5001,000
Meters

(b) Boundary of Hypothetic RCHRES

stream.



SASASUMAE A8 RATHO| VY VY AHYet ol 595
2 3 782 33 A o9 &gk FREg 1BEte & ZH%, %Difference)E ©| &3, HSPFRE 9] A &4}
2170 FRre2A st e, Fig. 7o Uekd \hke 2 2 AFAEE #EOE Donigian (2000)2 YukH =Y
21718 +2 RCHRESE a1 3F9ol tia] H=<] BASINS g9 B9 AFFE Table 294 Zo] AAF vb ok
g TEI}AL, &FY 2T A4 £ 2F W &f9ET Aot AFgHe 4 )9 2o, o i 0x #ZE 3k
t& AAsHA 2&ste] HSPFS BMP Reach Toolkit =& £, PE B9 & Yulsir}
S AL T, A EH 54, A" IA 58 FE3H
A 2yl st wDiff.= (310, 3)P)/30,% 100 @
i=1 i=1 i=1

242. 7YREe B U HS

FRge) 1Y 9 ASA™S Fig. 19 Jepd vt 2 3. Results and Discussion
on, §F2 EIA /#99 =AY PNHF 35A AA
A B-FAFsATH EdH Y99 TEAHL 29A 2 1. RYEE 28 U A5 24
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2, 8¢ 149 BUHY AEE FHS5s BY 2 AZ EHd 92 AT 5 #F 5T 1489 B
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7, 2008 dFH 20108(39)2
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Table 2. General Calibration/Validation Targets or Tolerances
for HSPF Application

AT B2 AR Y5 o]Fojpon, o Constituent Very good  Good Fair
£ B39 tgest "TE WS A dEAs 9 2FAST Hydrology / Flow < 10 10 ~15 15~ 25
59 AL ZF= WHoR wrEISLy 28T F¢- A Water temperature <7 8~ 12 13 ~ 18
A ZAF FF A =g JFsd wgoly, A|7to] o] A Sediment (SS) <20 20 ~ 30 30 ~ 45
93 0E= BAo] QthLee and Shin, 2009). ZF &g F7} Water Quality / Nutrients <15 15 ~ 25 25 ~ 35
= _?46‘:]_— 7‘?3-;@7_."_},\_% U. S. EPA. (2011)01]}\1 X’"?J_’@j‘ %ﬂ]_?_ Pesticides / Toxics < 20 20 ~ 30 30 ~ 40
Table 3. Hydrologic calibration parameters and possible ranges

L Ranges
Parameter Description - -
Typical Possible
INFILT Infiltration capacity of the soil 0.01 ~ 0.25 0.001 ~ 0.50
AGWRC Groundwater recession rate 0.92 ~ 0.99 0.85 ~ 0.999
DEEPFR Fraction of Groundwater inflow to deep recharge 0~02 0.0 ~05
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okl f99 #% 2 £2d WI dF 2ogdgER RE FFol Uehd SFE AFFE F 1438, H5F T 57
H 53 f2&% A4Fd F, vdE IARN S 5 & 32 BEA=eH, olg U A7l HRelA LA
F29 @S AFB, S EEFHUHTable 5). T PYFAE AFFE 2H4L 0.186 m's, B5-E 20
A /99 NERFFNE F2E A ¥, F2A 0.551 m’s2 EAEAT ot ojhe] ME WE FIA
ARAA 71Z2FFo] deldE A7 &89 /FS =253 S97 Hag o FRFez A Jehgsd, AFT=

Table 4. Results of calibration and validation for simulated water-quality

Constituent ‘ Calibration - Validation
Y%Difference Grade %Difference Grade
BOD (-)3.61 Very Good - -
P1 T-N 8.54 Very Good - -
T-P (-)2.26 Very Good -
BOD (-)4.92 Very Good -
P2 T-N 8.16 Very Good - -
T-P (-)7.63 Very Good -
BOD (-)22.26 Good - -
P3 T-N 15.72 Good - -
T-P (-)3.60 Very Good -
BOD 8.69 Very Good - -
P4 T-N 9.45 Very Good - -
T-P 2222 Good - -
BOD (-)8.03 Very Good -
P5 T-N 7.52 Very Good - -
T-P 9.77 Very Good - -
BOD (-)16.43 Good - -
P6 T-N 18.69 Good - -
T-P 24.93 Good - -
BOD 10.14 Very Good (-)1.71 Very Good
P7 T-N 10.56 Very Good (-)22.66 Good
T-P 19.98 Good (-)9.87 Very Good

o
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Fig. 9. Calibration of water-quality on P1 ~P7, and validation on the station P7
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Table 6. Table 6. Simulated flow of Buk-an stream, when the simulated flow of Geumho A is in the standard-flow range

Dry conditions (Q27s)

Mid-range conditions (qiss)

Standard flow
(ms/s)

Differential Range
(m’/s)

Standard flow
(m3/s)

Differential Range
(m’fs)

Geumho A 3.654 3.289 ~ 4.019 7.604 6.844 ~ 8364
Buk-an stream 0.186 0.159 ~ 0.217 0.551 0.419 ~ 0.708
Table 7. Comparison of delivery ratio between 3rd basic < 43T F Ao, 79 W LE94Y EXE o GAG
plan and regression by HSPF aHTE F 3, 2 AFAE(Jeon et al, 2011; Son et
Dry conditions (Qz75)  Mid-range conditions (Qiss) al,, 2008)0] AFAFY ZEIY 9ARFY FATN &
1 2 1 2
MP HSPF MP HSPE w3t #AE #81F 5 903, RCHRES W 72|} A3kl
PO 066 0067 01T 0.2 me ol e w2 FFIN odBde ATAIE
T-N 0.256 0.242 0.590 0.421 ) )
N1Z2E 7 9 238 £t tu Exlo 7]¥te] o
TP 0.056 0.055 0.140 0117 1 :‘} oo I;‘f rj ] J%o ree
- Dol o TThe Thid Stee Base Phan of G ALY #& 52 79 FETEE Bste FHEY 2
. Delivery ratio from e Third Stage Basic Plan of Gyeongsan- o Lo Ea =pa o = B0
buk-do TMDL in Nakdong River, ﬁ‘j] s = ° A Ted 27t ThestRzE, VMo
’HSPF : Delivery ratio from nonlinear regression by results of HSPF TEHHE 239 shd2 A e Fedgdy &3
model simulation £ 3T F ALEEF, 25H7A F71H49A0 52 RCHRES
o o THE FEAFeEZA 7 wet AEE dFF WS
7 Hl - . %, BI7)e PIFX H] -23.9~28.4° _ e _
BEA A ac166% BIIIE G W B8 pame pue AdsEs And
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o - 0 = H] 3 % = Flo|= . - _
(I ST 164374% FESE HWA H SIS B ) 340 fees 28 Ak 394 A1RAY o 3
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AR SAAS Sk FAuel o FEA DARS g 9y wad vad Hea 29 A8 5% W5l
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