Journal of Environmental Science International
27(12);1179~1193; December 2018

pISSN: 1225-4517 eISSN: 2287-3503
https://doi.org/10.5322/JES1.2018.27.12.1179

ORIGINAL ARTICLE

o) 1 (o) A 371 o =
S-Ral BANT 82 7 RAGBAETAL o] g3
A2)e B
LAY FA E4E B4
Ol - ZIZAL - BHAIS - NS - B - O|RY - 2B - B
FaETisle BT

Analysis of Water bady Damage at Osu Stream Using the
Flow-Loading Equation and 8-Day Intervals Cumulative Flow
Duration Curve
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Yeong Jae Lee, Kyunghyun Kim, Kang—Young Jung*
Yeongsan River Environment Research Center, National Institute of Environmental Research, Gwangju 61011, Korea

Abstract

The purpose of this study at water quality pollutants to propose proper management method for the Osu-A unit watershed
which is the influent tributary located upstream of the Sumjin -river among the 13 unit watersheds in the Sumjin-river water
system. Analyzed the correlation between flow-pollution loading and the correlation between land use type, BOD and TP items,
and analyzed 8-day intervals Cumulative Flow Duration Curve (CFDC) and Load Duration Curve (LDC) to evaluate water quality
damage. As a result, both BOD and TP were larger than 1 and the concentration of water pollutants increased with increasing flow.
BOD was positively correlated with Urban and Field, and TP was positively correlated with Field with 0.710. As a result of the
LDC, BOD was analyzed that the target water quality was achieved with the excess rate of less than 50%, and TP exceeded the
target water quality by 50.1%. BOD usually exceeded the standard value (exceedance probability 50%) at low flow zone and On
the other hand, TP usually exceeded the standard value at high flow zone. Monthly BOD (April to June) and TP (May to August)
exceeded the standard. Sewage Wastewater treatment and non-point pollution control is Osu-A unit watersheds are effective in
improving BOD and TP.

Key words : Cumulative flow duration curve, Load duration curve, Flow-loading equation, Land use analysis
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Fig. 1. Location of the Osu A watershed.
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(Kang, 2007). n]=t9] of ] Folli= Q. JEZS) BAIE
TRl ofof) gt ] AlgE k] flste] FokA|
S AHE o]8aL Qlew, TMDLs o] 7w} o3
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Load(k:g/day) = Flow (m3/s)
X Water Quality Standard(mg/L) X 86.4  (4)
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Fig. 4. Relationship between Flow and Delivery pollutants load at the Osu A watershed.
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243 FEGY T =l= BOD 2] = Y Ha)
2008 713 % 26,363.2 kg/Qo] WRAYEIg) o, o]
ZAHA7} 21,860.8 kg/2(82.9%) & 71 A, TR
2 B4 2,103.0 kg/L(5.9%), AFA 1,217.9 kg/d
(4.6%), A2 1,140.7 kg/A(4.3%)<=0 2 WHAY 319
t}. BOD & Hol2 5 4,468.9 kg/ Yo ==l
o, o]%F ZAH 1,707kg/A(38.2%)9 EX|A| 2,094.1
kg/A(33.2%)0l|A] 7]ofoh= vlgo] =9rom, A=
570.6 kg/A(12.8%), A7 56.4 kg/A(1.3%)A%EL]
Aoz ZAREICE T-P vHY Halake & 2,042.1 kg/
ol M3l om, olF S4HA| 1,874.4 kg/U(91.8%)
7t eteA o= I, EXA| 121.4 kg/U(4.2%), ABEA|
33.3 kg/Q(1.6%), A4 10.9 kg/(0.5%)a=0F L}
Byttt @4 FAGY viEERs T-P uiE Folde
Z 268.87 kg/Yo] HEE N oW, o]F =4 115.46
kg/2(42.9%) S} EXA] 121.29 kg/2(30.7%) ol 4 <] H]
£0| =11, A 24.83 kg/L(9.2%), AFAA| 5.14 kg/
A(1.9%)=0 2 UesiTh o5 S8 H o4 79
el BOD, T-PRHHE] 7]of&e S4kl} EXofA
7P A 71ofskal Qe AR UePitiFig. 3)
(JREA, 2011).
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ATKFig. 4). 942 IESH= ©4A Z7efl4] BOD,

PO} AAARE 717} 0.74, 0802 R} et
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wEIck(Fig. 5). AgE Aol = AAAS
(Coefficient of Determination, R%)7} 0.7014fo]w A
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al., 2013; Jung et al., 2015).
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T 9450 gl sigmlxelelTe] Higo]
A B0 2] BODEAY 2 i Hlgo] 7] ww
off Ay - 757t 11 A - 7ol AbTA QL 739
2 Qlel T SAFs7 et 1=, W5 HIR o) 71
2 FRkE o= A Hk= Zlo R et ojRInk T-PY)
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Table 1. Regression equations for pollutants load at the Osu A watershed and sub basin

) Equations Coefficient of Determination, R?
Sites BOD T-P BOD T-P
Osu Al L = 0.0009Q" 182 L = 4E-06Q'*'® 0.7236 0.7665
Osu A2 L =0.0005Q" " L = 5E-06Q'*" 0.7435 0.8315
Osu A3 L =0.0003Q""** L = 2E-06Q'*** 0.7296 0.7999
Osu A4 L =0.0007Q"** L= 1E-05Q"* 0.7508 0.6483
Osu A L =0.0013Q""® L =3E-07Q"*% 0.7414 0.8077
Table 2. Osu watershed and Osu sub basin land use area classification
Urban Industrial Field Agriculture Forest Bare land Total
Sites Area ratio  Area ratio Area  ratio Area  ratio Area  ratio Area  ratio Area
(km’) (%) (km) (%)  (km) (%)  (km®) (%)  (km®) (%) (km®) (%)  (km)
Osu Al 2.10 34 - - 5.10 83 18.74 303 3382 548 012 0.2 61.74
OsuA2  2.09 3.0 0.20 0.3 6.08 8.9 19.61 286 3748 546 079 1.2 68.65
Osu A3 0.84 3.9 0.02 0.1 3.25 14.9 5.44 249 11.30 51.8 0.28 13 21.81
Osu A4 0.93 22 0.03 0.1 4.51 10.5 6.16 14.4 29.63 69.1 0.02 0.0 42.86
OsuA 11.67 3.1 0.57 0.2 38.61 104 8336 22,5 21938 59.1 255 0.7 371.02
Table 3. The r values between water quality parameters and land use.
Parameter Urban Industrial Agriculture Field Forest Grass Bareland
BOD 0.687 0.117 0.152 0.641 -0.508 -0.586 0.599
TP 0.288 0.499 -0.057 0.710 -0.316 0.160 0.817

* Correlation coefficients(r) =-1<r <1

A O 9404 BOD, T-P == 4.0 elich
N A G W Gl S0 Bl
7} gz gago] At TS T-P>BOD 0 =

WA 7 = i =T A T ] AR
Aol ARERE AIZHA] - aEA9(Urban), AFIAIY
(Industrial), ¥HField), *=(Agriculture), AFd(Forest),
UA|(Bare land)s 67FA] Aol gt 4 Ays
Table 20f| A3 H = 257 A efsto] LERASIC

o7 A WA F ARRlo] AA|sks HAHlEo]
59.1% 714 BhO ul8-S Al S0 ek,
=3} W] AR|Sh= Hlgo] 712} 22.5%, 10.4%= H]al
2 wgken, AZEA] - AEAHE 3.1% % A WS

Ajake Ao Uehgrh, 48k £ €4 ofe} s
o HA RIS = B4 E L eH, AFS AlJehH 57
A H580] & ZoR ZAET, Osu A3 T
21.81 km’2 7P 2 2IcH(Fig. 6). AJFTHEA2 R4k
o] 412 RIS Tlelske 202 shte] i}
o wiele] PRAo] A ofie} peio] glck
oj w9 o] A=AE YAt S 583k
#lolck. o)A = wbe] BRAS Uehl] Siat &
=2 AAgx(Correlation coefficient, r)7} @o| o]&
S, A o] MSIe 1< 1 < 1 ofeh -1%oz
75 0] PV +1%0.2 745t o] AR ekl
¥, Qo Tlojs ro] 0.30Jel0]H T WS 11
oFsHweak) THA|, 0.50]H =7Hmoderate) 44, 0.79]
Ao 7)3l(strong) WAS LFERFHTH Lee et al., 2018).
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Fig. 6. Distribution of land use type in the Osu stream watershed and sub basin.
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(d) OsuA4

o] LofuA] AT, 759- Al BEFIAe] oyt o
Al PO th fEE oKtk B3 TP e Pl
The Bl dHe] Fafo] A, ol2fdt Gk sfid Al
Yool BRI B4 2L VAL Sk AL
&k 4= QIti(Jung et al., 2012a). Jung et al.(2012b)x}
Park et al.(2014)2 G4 A Ao 8t A=t
O] A Atol|A] TP= 17|t 97 wf ko] Atk
A& el wsielch oleh el Algle] 49 4
a5 7h0] Afbo] B-So) AR Uehiich

3.5. 8Y 7Hd SHMRHR|ESM 2y

A7) Sk e dgail Al
QIR FRALE Tt @S 28slo] Hofjh o
SRS A1 SAAEEAS 2al), Spn
B ko UG ARE Al WAL ASH
FEAR7E RS 85 2200, AL ollA
2o} 80| Auof & Warse] Qlok ®=3 9
o] Ajze) T3} wpse] 7 - 2 5 B ARk
28 4o = 3H}(Baek and Yim 2012). Hwang et
al 201 1)& RalAE 34 g ATl Te}elol
A%49) A GIRE 5L 3 TR, 82 714
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Fig. 7. Cumulative flow duration curve at the Osu A watershed
(2005 ~2017).

weba] Q717121 2005 ERE] 2017H7H4] 13147F
ASAEL ZHE 2pA TR S gite s 1
7F A 8 740 MZfaprRnke AMgSlo] o)
FEollA FafEF oz wdel FARRERGTA
(Cumulative Flow Duration Curve: CFDC)Z 25}
o] Fig. 7 o) =ASISIch B3k A9 fofapi o mi e
XZ9] ZIHAulEE 10%(E=r)oll afdsh= 3t
40%(H5), 60%(AF), 90%(Zrhell sgsh=
S A1A51o] Table 4 of UFERA QT

Table 4. Section value of cumulative flow frequency
(Unit : m%/s)

Flow classification

10% 40% 60% 90%

2005 ~2017 12.476 3.881 2.700 1.516

o

3.6. FSIX|I&IM Ty U ME XIE TASH Aot

SR SRS B 919 el RAS 2He
A} 3 ol SIEEAIT} 3 B71e] Feol
= 48 ZWQC)o] Basit) o714, WQCE 7|+
4212 (Water Quality Concentration)Z}o|c}.

BE W ke EEE e TAE Bu
(Target Water Quality: TWQ) = = & 3324
@A) IA1E TS e Sa e
718 AT, AMEE W} 71 S0 oA )
el A 1,2,3 ©A 4 e aFake] Bl
BOD 1.7mg/L2} TP 0.042 mg/L ZHS 9b4 295t 8¢
212 AR A A gale] RS 2
Agiich. B thith 248 AZguas 249
RIS 483 At R R, e
tjake 2 Els| Z188E] 3l QT An et al., 2016; Kim et
al., 2016a; Kim et al., 2016b). 25AX|Ho)A 13
(2005~2017)7F A1ZE §F 8 SAARS o] g3lo]
Qe ARel, 245 Sl ek 2T
FHEES 215t olof sk Azl Ak
steke wABlslolEi(Fig. §). 2318 50% o
A2z 2o 0% ofsiel A$ BESAE %
S, O TGl AoR S SAHES B

]_

4

37, FAQUHIE O U 44| 24T 24
[e]

40%= E47) ZZAMC), 40% - 60%= HS=7] 27
(MF), 60% - 90%-2 #4=7] Z7(DC), 90% - 100%-=
Z4=7] ZZ(LF) 2.2 2381=1|(Cleland, 2003), =
ToAE 13 GRS FUfdol 2t <
© 7 wjdslan, 2UrE WE-gR Alilslo] 7455
RIS 570 Ee & Lo EASIGITK Table 5).
T 24°A BOD gkt felsit =
IS B4 A3t LF Z=7] S1toll A &A= 56
7N % 297071 Z3Fslo] 2R 51.79% 2 =7 BAwe]
om, HF 9] §57] FtollA = 49.1% = 2ap7]Eo] &
HoHA| Vrehtal folere] Hate =2 s Helom,
71 0]9] 17k M-S 22.5%~29.3%E WA 23t
AO= AT T-P @Sk HF 557] -4k
ol A 2180] 96.3%= ull - A UERGaL, 47191
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Fig. 8. Result of load duration curve plot on monitoring data at Osu A unit watershed.

Table 5. Result of Cumulative flow frequency analysis at the Osu A unit watershed

Site name Items Total data ~ Hydrologic Condition Class No. data Exceed (no.) Rate exceed(%) Evaluation
0-10%(HF) 57 28 49.1 x
10-40%(MC) 166 47 28.3 x
557 40-60%(MF) 111 25 22.5 x
BOD"

60-90%(DC) 167 49 29.3 x
90-100%(LF) 56 29 51.7 o

Osu A Evaluation of TWQ 557 178 319 “A”
(Osu Stream) 0-10%(HF) 55 53 96.3 e}
10-40%(MC) 168 100 59.5 (@]
. 557 40-60%(MF) 111 38 342 x

TP"

60-90%(DC) 167 62 37.1 x
90-100%(LF) 56 26 46.4 x

Evaluation of TWQ 557 279 50.1 “N”

Note:
1) Evaluation :
2) Evaluation :

Evaluation of the exceed rate (Exceed “O”, Not Exceed “x”
Evaluation of the the target water quality (TWQ : Achieve is “A”, Not achieve is “N”)
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Table 6. Result of monthly load duration curve analysis at the Osu A unit watershed

May Jun Jul Aug Sep Oct Nov Dec

Item Division Jan Feb Mar Apr
No. data 34 44 55 49
BOD Exceed (No.) 6 11 17 25
Rate exceed (%) 17.6  25.0 30.9 51.0
No. data 34 44 55 49
TP Exceed (No.) 2 6 12 31

Rate exceed (%) 5.9 13.6 21.8 63.3

51 54 48 46 44 52 49 31
42 36 16 7 3 5 5 5
824 667 333 15.2 6.8 9.6 10.2 16.1
51 54 48 46 44 52 49 31
44 52 42 39 23 17 7 4
86.3 963 875 84.8 523 327 14.3 12.9

MC 1ol A% 50%E 217t A 0= 2ARE o] 7]
7I7tell #ej7t Fagh A o0& Uit dvrdes, 1
g 717 Sl A sl AT Z2ake] 749= )
Heddom Qlgt golr, Aq 7Kt &<k HAgst
= FA7IE 2] He= Heddes st FFd
7FsAdo] Arkal & 4= ¢lck(Nevada, 2003; Park and
Oh, 2012). E3F BOD+= #4319~ % 1783] 31.9%7}
Zfel= A o0& BAE o] xR G A o= o
ERFI, TP 4| 314 3 2793] 50.1%0.2 Zx2
< 2 ZloR2 BAEQTE s B35 Ailof|A
+= BOD7} A - Z==71710| 3lidahs 49 ~6Yol 44|
/o] Q= A o' YeRsial, 3] 59t 6dell o4 &
go] Agt Aoz AR It Table 6). TP= 5SE} 7%
b AR ER= 69, 7397t AEEe 79 8o 2t
£90] 96.3%, 87.5%= UERIT} E3] BOD, TP & &
5 L e ks BAEN 3] o % 7SR
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Fig. 9. Result of flow and seasonal Classification plot.
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