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Abstract

The Total Maximum Daily Load (TMDL) is a watershed management system that involves the establishment of the target water
quality, the calculation of permission loading (allocation loading), and the control of total pollutants for each unit watershed.
Allocation loading is assessed through the comprehensive implementation assessment of the previous year’s plan. Assessment
results are used for follow-up management measures such as the limit of development and updating of TMDL Management
Implementation Plans for the next planning period. Although detailed assessment criteria are important, they are not currently
available. Therefore, we suggested assessment criteria by comparing two methods(‘integration method’ and ‘separation method’)
using combination point and non-point discharge loading. We also examined the penalty criteria considering controllable load
local government and updating methods of the TMDL Management Implementation Plan for the next planning period.

Key words : Allocation loading, Assessment method, Exceedance load, Penalty criteria, TMDLs

1. Introduction Y, 24, R4 FA 1S 3ATAE &
thel A 184 HF3AE20109) ol F GAF7IE P53

SAETA = SATE EESAS AFeT, ZESD THNIER, 2011a, 2011b, 2011c). 3tHZFA 194 B7h=
2 BY-RAH A% BPRHTS AFsa ggray SO B ¥ Ao dNss Brielnz @erel
AN LFL A% AAZAT, ALAYY, AgAg B FAEN A (T BIE, AIRAS AA S

o A BEEE 53 Yot ERSALS x20d A9 e Fas 71Fol FHEHA ot FiHHAA S

3 APANG FUsel A olgage g FHAITHKIm o al, 2016). GAG7E el wet A
& HIAMOE, 2013, 2014), BEFAL BAT Age  Tor F AMAS =AM 5 A dite Al
AAALARE FRete] o FA4H g grp  TH S DS ATAS L95ude deld A

GTHMOE, 2009). B7Hazel weh ggystgrg g 7P SUHTS VI WITAE 2AAEAN AT S
Ao =7He ApAE =L ndste] AZUE 4%1 A{AQ 7% uwido] HQ it 194 A EI} o

B HAYelN BAES a3 ok apd AgAg 7 TT ATAEE A6 detet
AAGNA ) ol FH Er FAAY AQAGANA ) F . 2015, Pt . 2012, B2
ARe BARE BEaT, AEUE E2AHNA A A& EA(Kim et al, 2014; Park et al, 2013) T°| F#&
Qo] goldoz sl wuRaw A dede o ST S WA ARH Gasm 24
AP UE AN, ANSARY QA S B A" o) O IEC FIEE, GRerd 2w Qe A7

Ad A%Hez 9

rO mr o X ) oft rob m[m 4> o rlo o

g m3

. T ST E 217
FAMA 2 AR Y- 4AS =254 Aok . 4T s E;Li“ _}J
gA et dA FEel da A=Foz &&shrde HEd
AR o

" To whom correspondence should be addressed. 2ot

jpark01@korea.kr ol £ AFAs LEEFFHE AV FE5HE AR
ol— = J 2 A

This is an Open-Access article distributed under the terms of the Creative 9 S ]-E]: "‘X"L}Z] A ZFF YA Hop A Aol
Commons Attribution Non-Commercial License (http://creativecommons.org/ I A A2 & A=

licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, N — o = q ]
and reproduction in any medium, provided the original work is properly cited. H ‘éE] 2g71ES AAst=d 53] Atk

[olI

a4 stE| x| HM323 HM55, 2016



SeaEa BESY nxe] A5 ByP|T0 BEt AT 451
2. Materials and Methods A Regend
P 3 e AN Watershed Boundary
J{«_J’ i VN N L] Watershed Boundary

2.1, ZAHHY XS

N
>,
=
o
By
N 12
rlo
4
X,
o
[o to ol ue
N o
fru 4 oy of
;Oéi o N
ol
Ko
3!
@ 9
R
B~}
ol
o
o2
o,
N

20149 7|ELo 2 o|PPILE St DY FETA
327 ©9199(8,509 km’) £ BODE 2970 ©9]-9-9(7,514
km®), T-PE 3170 698,249 km’)ol, =754 41
N SY79(23,668 km’) = BODE 97 ©91-49(5,396
km®), T-PE= 2970 ©91-59(16,511 km’)olx, 454 32
M 99899(12,920 km?) & BODE 1771 ©989(5,945
km?), T-PE 570 ©9199(2,757 km?)olx, 74827
S 237 B9 998,975 km’) & BODE 107 w9149
(4,777 km’), T-PE= 87} ©$15%(3,935 km’)o]Th(Table 1).

22 WIDIE E5 Wy U 2N X2
FgHT 2HAY

55, UARY 5 2999 SHRAFE 2L,
3

s
oy
=)
o
Ogy,
o of
i
=,
W
N
N
)
fo
B~
2
o
=O&
N
=
ol
s
D)
re

& | Hls #E ke Ao 7}
A(controllability)o] %< HE st 23FS 23T
ot 2HA AN HF

A 1EA HFG7E Al A&

ML fd oo P Ay ofr ofy
el 2 )y E
gﬂz oy ¥ o
n & i)
oo e £ )
o = z
>
=
e
1
ok
of
9
n
p)
2,
=)
FTF
of
ok
N2,
f

H ol
ofl

-z

ol

oft

A B
H

=2

Jfu

o 2
B

offl i
{0 2
il
; =)

rl

2

2

£ oo

_);1_1‘

N

aV)

X,

1

oft

-z

ol

oft

AN

-+

N

o

>

N
Ny
tfo
o
&%UI
ol
N

2
)
X
A
Mo
—z
ol
ol
tlo
=

=
Fg uF F YgdE BT 3
E] fgo] n|
el 2 A
71%0] Aestt 30Z FA 194
FAA9 =TT HA2 g3 27

AgARe B8F A<, oo I

)
2

I
)

of

2| =

- £
oo
=
G
1A
s
o
o
fuj
o
S
o
2
r_B‘.:

2
IO
8
ook
tfo
=1
W,
ol
8
_)|4_|‘
N,
L

9_[5
oo off & X
‘D’oﬁ,rﬂ'flo
X

ek
_O'L

Iortho o X b off i d
b,

3
rr
4

X
>
ek
oft
-z
ol
o
B

L

)

4z

+ 20%2)

X,
foy
=2
o
tlo ook
o

s,
1o
o
T

ox,
ol
K
&
ifivd
of
T,
il
=

119

z,
o
ofl
oft

o

,_

WQ Indicators

0 15 30 60 90 20
Kilometers

Fig. 1. Study area (implementation assessment region) in 4
river watersheds.
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Table 1. Status of unit watersheds for implementation assessment regions in 4 river watersheds

. Number of unit watershed Area of unit watershed (km?)
River watershed
Total BOD T-P Total BOD TP

Han River (HR) 32 29(80)” 31(82) 8,509 7,514 8,249
Nackdong River (NR) 41 9(24) 29(81) 23,668 5,396 16,511
Geum River (GR) 32 17(50) 5(14) 12,920 5,945 2,757
Yeongsan-Seomjin River (YR) 23 10(37) 8(30) 8,975 4,777 3,935
Total 96 65(191) 73(207) 54,072 23,632 31,452

¥ The numbers in parentheses are estimated according to each region when the local government area is divided into two or more unit watersheds.
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—{ Allocation exceedance load® }——

Natural
variation

Regional
development

Reduction

f the natural
variation exceedance load®)

Offsetting o

Adjust of the allocation
exceedance load

Settlement of exceedance load
using reduction performance

a) The allocation exceedance load makes no distinction between point and nonpoint load
b) Offsetting of natural variation exceedance load in the allocation load range
of unit watershed or local government(in the range of achieving water quality goal)

Fig. 2. Adjustment processes of the exceedance load by ‘integration method’.

o

22 sts|x| A HsE, 2016

I!



SolETBe HITY 2ux|de| A Yo|R| Bet 347 453

Point/nonpoint allocation exceedance load?

Point/nonpoint
natural variation

Point/nonpoint Point/nonpoint
regional development reduction

Achievement . Exceednace
Water quality goa =
Offsetting of point/nonpoint | Offsetting of allocation Offsetting of point/nonpoint
allocation exceednace load? exceednace load? natural variation exeedance load®

v

Adjust of the point/nonpoint
allocation exceedance load

Settlement of exceedance load
using reduction performance

a) The allocation exceedance load makes distinction between point and nonpoint load
b) In the range of achieving water quality goal
c) Offsetting of natural variation exceedance load in the allocation load range

of unit watershed or local government(in the range of achieving water quality goal)

Fig. 3. Adjustment processes of the exceedance load by ‘separation method’.
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Fig. 4. The Allocation and discharge load of 2014 in 4 river watersheds.

Table 2. Exceedance regions of the BOD and T-P

BOD T-P
River ) Exceedance region ] Exceedance region
watershed Imp 1ementat19n Integration Separation method Imp 1ementat1o.n Integration Separation method
assessment region - - assessment region - -
method Point Non-point method Point Non-point
HR 80 5 5 6 82 5 8 6
NR 24 3 2 6 81 12 12 19
GR 50 0 1 6 14 0 0 2
YR 37 4 4 4 30 1 2 1
12 12 22 18 22 28
Total 11 (6.3%) (6.3%) (11.5%) 207 (8.7%) (10.6%) (13.5%)
SRS 24A9 F BOD 2HFHL F-H|H 5% AAS7F 23 2 AR mlojglez g ALE otH gl
7h8el 23k Wlol 1,113.4 kg2, A-v]d T2 FHrPyol o, MEAH Y A NG FF HAWANA AT
93 o g= Hol 967.9 kg/Q, HIFo] 2,188.5 kg/L =R g5 3ol met 232 27t A2 2SR e tiTable 4).
Yetskow, T-P 23#F2 H-Hl3 &% Hr7bgel g9 &
ol 3318.6 kg/d, H-uld TE Frgel o3 Wyoze 32, eRsiEn SETA AAYM
o] 3,304.0 kg/Y, BIH0] 142.0 kg/AE UEFHTHTable 3). A wA FRE 2FAQo EEFD L 2793
Fo 2¥9902E Ay 999 FHAT 2 B4 A2 BODY A% 3470 A F 1070 AH(29%), T-PY
&% 371 7t ARSTT 37E g AEE 3 §E A% A 5070 NG = 1570 AGB0%) EFs] UmA Y
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Table 3. Results from the application of methods for the exceedance load

) BOD (kg/day) T-P (kg/day)
River Integration Separation method Integration Separation method
watershed
method Point Non-point method Point Non-point
HR 834.2 913.0 701.8 3,249.9 3,240.1 354
NR 13.8 6.4 339.0 68.6 63.4 105.3
GR 0.0 8.4 786.3 0.0 0.0 0.0
YR 2654 40.1 361.4 0.1 0.5 1.4
Total 1,113.4 967.9 2,188.5 3,318.6 3,304.0 142.0

Table 4. Natural variation, regional development, and reduction exceedance load in the exceedance region

Ri BOD exceedance loading (kg/day) T-P exceedance loading (kg/day)
iver
Method i i
etho watershed Na'tur'al Regional Reduction Na.tufal Regional Reduction
variation development variation development
HR 959.9 -411.8Y 286.0 4,216.6 -160.9 -805.8
Integration NR 43.1 -29.3 0.0 44.5 2.5 26.6
method GR 0.0 0.0 0.0 0.0 0.0 0.0
YR 1,380.8 -195.8 -919.7 0.3 0.0 -0.3
HR 909.6 -115.9 119.3 4,180.7 -140.7 -799.9
) NR 15.0 -11.0 24 352 -6.5 34.7
Point
GR 8.4 0.0 0.0 0.0 0.0 0.0
Separation YR 32.5 -37.8 454 1.0 -0.1 -0.5
method HR 718.9 -296.3 279.2 51.3 -30.1 14.2
. NR 480.9 -203.7 61.8 119.4 22117 13.6
Non-point
GR 719.8 -191.8 258.3 22 -0.3 0.0
YR 1,491.4 -170.1 -960.0 1.6 -0.2 0.0

¥ The negative values represent the attainment load when compared to the plan

Table 5. Water quality evaluation of allocation exceedance load

, BOD T-P
wa[:el:sel:e g | Exceedance region Water quality goal Exceedance region Water quality goal
of allocation load | Exceedance | Compliance | Not-set | of allocation load | Exceedance | Compliance | Not-set

HR 11 2 3 14 7 3 4

NR 8 2 6 31 7 24 -

GR 7 2 5 1 -

YR 8 4 4 3 0 3 -

Total 34 10 18 50 15 31 4
< IR FS AN E ETA AY FHEHIAS o Aol BExFAS 2HARE nstd zdFg Gt
2 4 dE, FANEY ZE, AR Bxsd 24, 7 F A= 7SS R dayo] & AR wuddt
TEREY WE o2 i ExFEE FAsE ALR
FEATH(Table 5). 3.3, YRSt zueF =y

dFRetEE 7 2AY YA 2AF, §F, 29 dEretE 2AAGAAA H-vd FF BEH A

4, F2 )N FARIDS o|&sto] Fd d3" ARE A TE B7PH wet 2dFs ddstd FFFEE =
EfE gste Aoz 2d Jutdie £ wE5s #F& 23F AFE Fig 59 2ok A6 B g
Fo FAZE FHeol drh AT olFFI Al FFL o wat 2AFES st 2P$ AF BOD 2HFS
oA &= s LFdo g WiEFRT ol 71EA 1,113 kg/QollA 241 kg/QZE 78%7F FAHJL, T-P 23
g FEA Y g2 FFAYGY FEFH FF, FANAY TS 3319 kg/LolA 2,862 kg/¥E 14%7F A A
WA & ot AQ1eE lF] FYolA 9] wl&F3) v T2 ErbEd b2 J 23S st 239
T3 FEct A Aol AHEe F Atk 3UBFA 1 A7 BOD ZFFL 968 kg/LNA 317 kg/dE 67%7F %
A B7E Alddls 9270 @RS 5 3970 S5 42%)0 AP, T-P 2FZFS 3304 kg/LollA 3,273 kg/DE 1%
A BxgAdn @FRsEe ol FolstA vEsTh 7b ZAEAT A-uA TR grbgel wet Hy 29
(Park et al, 2012). E3FFH Fdozx EZFAdE S st 233 23 BOD 2HFES 2,188 kg/LolA
FANdol F3FA EFQ v, AFTAE FIFFHF 2HA 406 kg/9Z 81%7F FAHUIL, T-P =FHFL 142 kg/¥
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Fig. 5. Results from the applications of methods for allocation exceedance region.
Table 6. Change of exceedance regions from the application of methods
Region by the Region by the Separation method
Targer . . .
e Integration method Point (A) Non-point (B) A+BY
indicators
Before After Before After Before After Before After
BOD 12 2 12 6 22 5 22 5
T-P 18 9 22 8 28 13 28 13
Y1f the point and non-point exceed the at the same time, the is estimated in one
oA 78 kg/AE 45%7} A=A AHMe 7HeAE YR sty A& ool A

24F 23 AF & =HX 92 BoDY FF H-vA
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Table 7. Load controllability coefficient for each load exceedance factor

Load exceedance factors Load controllability coefficient
Sections Subsections Good Fair Poor
Increase in discharge loading Deterioration of effluent water concentration O
L amount from allocation facilities Increase in effluent discharge O
Natural variation — - — 3
Increase in discharge loading amount from effluent facilities more than 200 m’/day O
Increase in loading amount of other pollutant source (water used, livestock head, etc.) O
Regional . .
& Actual exceedance discharge load for development projects O
development
Reducti Nonperformance of reduction plan (cancellation, delay and reduction) O
eduction ; X -
Decrease of reduction loading amount due to pollutant variation O
150 600
. X Exceedance|region @ Mean
X Exceedanceregion @ Mean
= X
- >
: 5
= =
= 100 5 400
2 &
m X —_
ﬁ .E x
-] t
c
g g
: £
T 50 3 200
k= £
s s
2 >
& &
® Xx
0 0
0 50 100 150 0 200 400 600
The nextstep reduction x 20% (kg/day) The next step reduction x 20% (kg/day)
(a) BOD point exceedance region (b) T-P point exceedance region
150 10
X
X Exceedanceregion @ Mean
= =
3 £
:': 100 :':
& g 6
® ®
i £
(S o
£ g 4
T s0 T
g X g X Exceedance region @ Mean
2 ]
& g 2
0 3 * X 0 ok X
0 50 100 150
. 0 2 4 6 8 10
The nextstep reduction x 20% (kg/day) The next step reduction x 20% (kg/day)
(c) BOD non-point exceedance region (d) T-P non-point exceedance region
Fig. 6. Relationship between the next step exceedance region penalties and regional differential apply penalties.
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A A e TEAEe] FEE A= Jgdh
4. Conclusion
LASFHY AV FRIHe AIFAdA EEI}E =
A9 HFH/NME Hdl 2 dFolAM= HF vFe=
TESA g 2H/FES 2 Friste PHEE YA
3% 3/ AR ¥FES FESL 2RFE 2Fs=
PHE-HE T8 7P EE5, AVEA LEEE
A dA 2 F AEF dHdy IS AAEAT
23}Fe 202 A 2HAGLS F-ud T2 Gr}
Wl 98 zHFe HF A A-uH BF Gl
o3 2#4FL 4 ARRG BS Ago] 2H3E A
oz et A-6d % 9hEe 3uRtEd, 3%
2 GuF-HAG) A 1A B A B89 wos
ARAQ] A%4e AT & ow, F-Hy TR B}
We A v ERagel FAd AE 9% 2 =%
T4 GH4AGFE 13 B F S A= JgETh
217134 ¢ AAA HEE A7 IE2 39A A 184
g Qe dgA d3EsE 23U g 9 ¥ S
FZ A= JFHEFTTGE 2H38) 2 2FaAqE
#2 9 Aorted s LHGEEAFTLEN ABH e
SFAgo] £HE ALz Jgdrh
2 AFdA AAE 2HAFL 20149% o|PF7t A
2 7|eor BAE Aoe ITIRQEEITY WA D)
ZEe® gt & AS wWEEsHE ¥, 29 dWF
o2 & 2AAY 9 2A{FS WEE T JeH, 4%
FAW 3 A BdeHE= FHF AT AHYL
Einil=3
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