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Abstract

This study developed the methodology to calculate the total daily maximum load (TMDL) using the instreamflow requirement
because the previous TMDLs were too simple to easily achieve. Instreamflow requirement which was the average low flow
(Qz75) in the previous planning cannot consider the seasonal variation of streamflow. Therefore, this study used the
instreamflow requirement which is a maximum value among hydrologic drought flow (Qsss), and environmental flows for
ecology and scenery. The environmental flows for ecology were calculated using Physical HABItat SIMulation system
(PHABSIM) which can estimate the necessary flow for fish survival by life cycle. Using the proposed method, all monthly
TMDLs of streamsin the Anyangcheon were calculated for the application.

keywords : Anyangcheon, Instreamflow requirement, Physical HABiItat SIMulation system (PHABSIM), Total maximum

daily load (TMDL)
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—' Determination of instreamflow requirement ’—

’ Q;,;, = Hydrological drought flow (Qs55)
i 2

Q,,;;= Environmental flow for ecology using PHABSIM

i 2

Q;,;,= Environmental flow for scenery ‘
i 2

’ Qi =max (Q;;,. Q. Qs;) ‘

!

—4 Calculation of TMDLs ’—

‘ Target concentration (C;)
¥
TMDL = Concentration X Instreamflow requirement
TMDL,, =C;xQ,,

¥

Is TMDL of outlet
acceptable?

Abatement
of TMDLs

Determination
of TMDLs

l

Implementation
of TMDLs

Fig. 1. Flowchart for TMDL calculation.
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Table 1. Characterigtics of the Anyangcheon Subwatersheds (2000)
Category Seam | Wetershed Population | Landuse
Stream length area Total Population Urban Forest

orders | Name of (km) (km?) population density Area Ratio Area Ratio

subwatershed (person) (personkm?) | (km?) (%) (km?) (%)
1-2-3 Main AY 32.38 286.55 3,876,278 13527| 12331| 4303| 11403  39.79
Wanggok WG 3.82 3.78 7,484 1,980 0.26 6.96 308| 8151
Ojeon 0G 2.85 4.26 26,370 6,190 033 7.65 330| 7748
Dangjeong DJ 402 5.33 84,930 15,934 304|  57.09 148| 2773
Sanbon SB 4.32 10.30 132,390 12,853 415|  40.34 499| 4849
12 Hakwui HW 9.26 44,55 311,709 6997 | 1016| 2282| 2560  57.47
1 Suam SA 5.50 8.07 49,960 6,191 152  18.90 586| 7261
12 Samseong SS 5.30 13.18 45,476 3,450 1.04 7.88| 1097| 8321
1 Sambong SB1 2.76 4.59 23,695 5,162 053| 1152 316| 6891
1 Siheung SH 2.68 3.26 109,364 33,547 148 4531 150|  46.15
12 Mokgam MK 1352 56.07 473,077 8437| 1782| 3L71| 1992| 3544
12 Dorim DR 14.33 41.64 982,804 23602| 2591| 6227 1284 3087

37»40153:4%‘00" I27005‘3070“:10‘00‘‘ 31 EE%Xl-ﬁ-%
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sto] g e FARES 24T 2 A8 LT e

FEFS Hlast 2 #%e sBAFARELRE 25U

37°15'00"
126°45'00"

37°15'00"
127°05'00""

Fig. 2. Sub-watersheds map of the Anyangcheon.
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FYBIE £ AAHNOE SeAHA 1o dF &
A9 f42 molshe ol sERY F8L 9 @

W h \% i
Name of fish . ater depth (cm) ' elocity (cm/sec)
Spawning Fry Adult Spawning Fry Adult

Rhynchocypris 10~20 20~30 30~50 _ _

oxycephalus (Apr., May) (summer ~autumn) | (spring ~ autumn) 10~30 20~40 30~120
10~30 10~ 40 10~70
Zacco platypus (Apr., May) (summer ~autumn) | (spring ~ autumn) 10~30 10~-40 20~ 60
Carassius auratus 2030 10~40 30~200 5~10 10~20 20~30
(May, Jun.) (summer ~autumn) | (spring ~ autumn)
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g o183k ST A71H, Q= BEFTFB(MY, A= FRAKm)olT
2 dAFddAE 7P A2 U ARE o] &std
8.1.1.8. MAH 22 AT A (9T ol &gt
AMAA Boe 2ot AAA HPe JFHAE ZE
ste} 7183 HWJE Ao Fdshes Aot 2 @ 313 B2 TE W2RY 4o
ToAAE 7 dutdeg Agste FAMH S AHESH orkd 999 AL Ao Eng.(2005)90 A A}%é“} A o
=% X—'WE(Composite suitability) & AHgsta 7+ A9 ® AR} 216804 AAE PHE AHgs AR 4ES
wHo F3 F, ol T JHEIHEHAT FEHY K shei A=
HAE E?Jé}ait‘r. 7Vs7HgE Aol g & #e JHAE
ALY §28 {7 A=l A 53 AHA S 314, SIM KX FE AH
Foz AYITHEYE T &, 2005 ded 5, 2007). PHABSIME ©o]-&sto] g A& aelist defEd
A3 A7Hel & 2FE AFHY FF 2T, BHS
312 HoLsE Ay aHG e FFS vlaste] Ee sHRARFS Table 3
ZEZ 5(2007)2 Y S4& wgste BHAEFQ 3 2o g2 SN AERAfEe] BaZdrdRn
BAZrFES P57l fsl A 93 A7 (regiona regres- ABZ 41082 HHAARTES, 11-3€92 FHFETHS,
sion method)& AHEsATH AFFol AAF FFEXHo| RN E BERFS sHAFARZELE P8
v o7 ERG@Tdd, I, dB34, s, 95,
obﬂ%’)ﬂr Il FHHAEZE %Q(Ol%@, Wey Y FE, 32. SEH TSI MY
= 12, o¥u, BEuy, Jfa)g o|&dtd FFLF 3.21. SETE HA|
Table 3. Target instreamflow requirement of the Anyangcheon (unit: cms)
N:[rrT;:mOf Reprisicseﬂtanve Jan. Feb. Mar. Apr. May Jun dul. Aug. Sep. Oct. Nov. Dec.
WG ROt 0100 | 0.100 | 0.100 | 0.160 | 0.160 | 0.400 | 0.400 | 0.400 | 0.760 | 0.760 | 0.100 | 0.100
Vadd Vv Vv S S Fr F F A* A v Vv
o3 RO 0079 | 0079 | 0079 | 016 | 016 | 04 04 04 | 076 | 076 | 0079 | 0.079
D** D D S S F F F A A D D
oI RO 0.090 | 0.090 | 0.090 | 026 | 026 | 046 | 046 | 046 | 060 | 060 | 0.090 | 0.090
D D D S S A A A A A D D
- RO 0128 | 0128 | 0128 | 033 | 033 | 076 | 076 | 076 | 093 | 093 | 0128 | 0.128
D D D S S F F F A A D D
HU o 0288 | 0288 | 0.288 | 0.60 | 060 | 060 | 060 | 060 | 150 | 150 | 0.288 | 0.288
D D D S S F F F A A D D
S RO 0112 | 0112 | 0112 | 020 | 020 | 056 | 056 | 056 | 070 | 070 | 0112 | 0.112
D D D S S F F F A A D D
A RO 0.090 | 0.090 | 0.090 | 026 | 026 | 046 | 046 | 046 | 060 | 060 | 0.090 | 0.090
D D D S S A A A A A D D
81 RO 0082 | 0082 | 0.082 | 010 | 010 | 026 | 026 | 026 | 050 | 050 | 0.082 | 0.082
D D D S S A A A A A D D
S RO 0.068 | 0.068 | 0.068 | 010 | 010 | 026 | 026 | 026 | 0.60 | 060 | 0.068 | 0.068
D D D S S F F F A A D D
Ve car 0326 | 0326 | 0326 | 0.65 | 0.326 | 0326 | 0326 | 0326 | 0.65 | 065 | 0326 | 0.326
D D D A D D D D A A D D
oR A 0277 | 0277 | 0277 | 110 | 040 | 040 | 105 | 1.05 | 110 | 110 | 0277 | 0277
D D D A S S F F A A D D
0.800 | 0.800 | 0.800 | 3.80 | 080 | 080 | 120 | 120 | 380 | 380 | 0.800 | 0.800
Outlet CA
D D D A S S F F A A D D

* RO: Rhynchocypris Oxycephalus, ZP: Zacco Platypus, CA: Carassius Auratus

**V: View, S: Spawning period, F: Fry period, A: Adult period, D: Drought flow

>EHAN SRS S| K| FM24R A|35, 2008
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Table 4. Monthly TMDL and target total daily load abatement (unit: kg/day)
Name of sub-watershed Jan. Feb. | Mar. | Apr. | May | Jun. Jul. Aug. Sep. Oct. | Nov. | Dec.

TDL 25.7 25.7 26.0 64.3 59.4 75.7| 1049 132.8 132.2 59.0 38.8 278

WG New TMDL 259 259 259 41.5 415 103.7| 1037 103.7 197.0f 197.0 259 259
Previous TMDL 28.74

Reduction 0 0 0.1 228 17.9 0 12 29.1 0 0 12.9 19

TDL 259 258 26.0 65.8 61.6 76.7| 1143 149.7 142.0 66.8 40.8 285

03 New TMDL 20.5 20.5 205 415 415 103.7| 1037 103.7 197.0f 197.0 20.5 20.5
Previous TMDL 30.64

Reduction 54 53 55 243 20.1 0 10.6 46.0 0 0 20.3 8.0

TDL 310 30.9 32.3| 126.0| 1233| 119.0f 1397 1777 169.7 62.9 60.7 339

New TMDL 233 233 233 67.4 67.4| 1192| 1192 119.2 1555/ 1555 233 233
b TMDL 31.49

Reduction 7.7 7.6 9.0 58.6 55.9 0 205 58.5 14.2 0 374 10.6

TDL 212 20.8 221| 149.7| 151.0| 147.9| 1888 252.0 241.2 69.0 61.9 24.0

New TMDL 332 332 332 85.5 85.5| 197.0| 197.0 197.0 2411 2411 332 332
S8 TMDL 53.09

Reduction 0 0 0 64.2 65.5 0 0 55.0 0.1 0 28.7 0

TDL 2524\ 2419| 316.1| 8569| 747.8| 724.2| 8341 1,161.2] 1121.0f 370.0| 286.6| 201.3

HU New TMDL 74.6 74.6 746| 1555| 1555| 1555| 1555 155.5 388.8| 388.8 74.6 74.6
TMDL 240.74

Reduction 177.8| 167.3| 2415| 701.4| 592.3| 568.7| 678.6| 1,005.7 732.2 0| 2120| 126.7

TDL 11 0.6 15 86.7 91.8 91.7| 129.7 177.6 170.8 38.0 25.0 29

New TMDL 29.0 29.0 29.0 518 51.8| 1452| 1452 145.2 181.4| 1814 29.0 29.0
A TMDL 52.15

Reduction 0 0 0 34.9 40.0 0 0 324 0 0 0 0

TDL 17 1.0 22| 1336| 1415 1479| 2125 289.2 281.5 56.5 33.6 4.6

ss New TMDL 46.7 46.7 46.7 85.5 855 197.0| 197.0 197.0 2411 2411 46.7 46.7
TMDL 107.26

Reduction 0 0 0 48.1 56.0 0 155 922 404 0 0 0

TDL 5.6 54 6.1 78.6 76.0 73.0 88.1 120.8 113.9 294 323 7.0

New TMDL 213 213 213 259 259 67.4 67.4 67.4 129.6| 129.6 213 213
sB1 TMDL 24.10

Reduction 0 0 0 52.7 50.1 5.6 20.7 534 0 0 11.0 0

TDL 0.7 155 6.7 76.7 63.8 68.1 88.1 105.2 102.5 294 29.6 9.9

SH New TMDL 353 353 353 51.8 51.8| 1348| 1348 134.8 311.0f 3110 353 353
TMDL 6.27

Reduction 0 0 0 249 12.0 0 0 0 0 0 0 0

TDL 2,355| 2,384| 2272| 4,758| 3,758| 4,770 7,629 8,593 7873| 5176 2252| 2,724

New TMDL 169.0| 169.0| 169.0f 337.0f 169.0| 169.0| 169.0 169.0 337.0) 337.0/ 169.0|/ 169.0
MG TMDL 169.0

Reduction 2,186 2,215| 2,103| 4,421| 3589| 4,601 7,460 8,424 7536 4,839 2,083| 2,555

TDL 1.6 89.0 321| 467.2| 3855| 4135 5223 616.0 594.1] 162.3| 165.2 60.4

DR New TMDL 143.6| 143.6| 1436| 570.2| 207.4| 207.4| 5443 544.3 570.2| 570.2| 143.6| 1436
TMDL 291.27

Reduction of of o o] w81] 2061] o] 717] 239] o] 216] 0
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Fig. 3. Target Water Qudity of the Anyangcheon.
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Table 5. TMDL of outlet and smulated total daily loads at the satisfied TMDL of al sub-watersheds (unit: kg/day)
Category Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
TN(IJLIJDHL etOf 414.7 4147 414.7 1969.9 4147 414.7 622.1 622.1 1969.9 | 1969.9 414.7 414.7
S|mqla¢ed 2495 249.5 2495 | 12956 | 250.7 249.0 391.0 391.0 | 12285 | 12285 | 2495 2495
total daily load
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REACH 1 REACH 5 REACH 9
1 4= \\/anggokcheon 37 <4mm1 Hakuicheon 80 ~ 89
2 38 ~ 40 REACH 10
3 <= QOjeoncheon REACH 6 90 4= Siheongcheon
4 ~9 41 ~ 49 91 ~ 103
REACH 2 50 4= Suamcheon REACH 11
10 ~ 16 REACH 7 104 ~ 115
17 <= Dangjeongcheon 52 <=1 Samsungcheon 116 <=1 \okgamcheon
18 53 ~ 59 17
REACH 3 REACH 8 REACH 12
19 4= Sanboncheon 60 4= Sambongcheon | 118 ~ 130
20 ~ 28 61 ~ 69 131 <= Dorimcheon
REACH 4 70 <= \\V\WTP 132 ~ 134
29 ~ 36 71 ~ 79 ?3E5A(3H 115?1
Fig. 5. Schematic Diagram of QUALZ2E for the Anyangcheon.
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