KJEE 56(3): 187-195 (2023)
https://doi.org/10.11614/KSL.2023.56.3.187
ISSN: 2288-1115 (Print), 2288-1123 (Online)

Original article

Development of Strategies to Improve Water Quality of the Yeongsan River in Connection with Adaptation
to Climate Change. Yong Woon Lee (0009-0002-9224-9825), Won Mo Yang' (0009-0004-1851-3389), Gwang Duck
Song' (0000-0002-6339-4487), Yong Uk Ryu? (0000-0003-2566-7891) and Hak Young Lee** (0009-0001-8561-7568)
(Department of Environment and Energy Engineering, Chonnam National University, Gwangju 61186, Republic of Korea;
!Gaon S&T, Co., Ltd., Naju 58233, Republic of Korea; *Department of Civil Engineering, Chonnam National University,
Gwangju 61186, Republic of Korea; *Department of Biology, Chonnam National University, Gwangju 61186, Republic of
Korea)

Abstract  Almost all of the water from agricultural dams located to the upper of the Yeongsan river is
supplied as irrigation water for farmland and thus is not discharged to the main stream of the river. Also, most
of the irrigation water does not return to the river after use, adding to the lack of flow in the main stream. As
a result, the water quality and aquatic health of the river have become the poorest among the four major rivers
in Korea. Therefore, in this study, several strategies for water quality improvement of the river were developed
considering pollution reduction and flow rate increase, and their effect analysis was performed using a water
quality model. The results of this study showed that the target water quality of the Yeongsan river could be
achieved if flow increase strategies (FISs) are intensively pursued in parallel with pollution reduction. The
reason is because the water quality of the river has been steadily improved through pollution reduction but
this method is now nearing the limit. In addition, rainfall-related FISs such as dam construction and water
distribution adjustment may be less effective or lost if a megadrought continues due to climate change and then
rainfall does not occur for a long time. Therefore, in the future, if the application conditions for the FISs are
similar, the seawater desalination facility, which is independent of rainfall, should be considered as the priority
installation target among the FISs. The reason is that seawater desalination facilities can replace the water
supply function of dams, which are difficult to newly build in Korea, and can be useful as a climate change
adaptation facility by preventing water-related disasters in the event of a long-term megadrought.
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Umzle] EASeAE Rt F e 7T1%WE A9
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67%01H WA, B, A, Bkewt 5ol I UHA| 4%
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Fig. 1. Status of Yeongsan river system.
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Fig. 2. Changes in water quality by year in the Naju point of Yeongsan river.
Table 1. Pollutant discharge load of each pollutant source.
. . -1
Discharge load by pollution source (kg day ™) Point Non-point
Division Year Other source source
Domestic Livestock Industry Land Total rate (%) rate (%)
sources
BOD 2019 20,560.7 22,876.8 360.8 13,279.7 954.6 58,032.6 34.5 65.5
2035 20,567.7 24,586.2 366.7 14,391.2 954.6 60,866.4 33.0 67.0
TP 2019 885.654 1,402.570 50.267 1,138.308 49.926 3,526.724 28.4 71.6
2035 886.580 1,496.885 51.213 1,171.367 49.926 3,655.970 27.5 72.5

oA 20169 4. 2mg L™, T-P= 0.573mg L'l 4 0.131 mg
L2 /M=oy, 20219 %)= BOD 5.3 mg L™, T-P
0.169 mg L™'2 o}slE] Qth(Water Environment Information
System, 2022). Fig. 20| Vehd vke} Zro] 20004 o]F A
Aoz 228 Qs Aot 22 suge s
£ 7oz Uehton £3) 201248 thlsu(SEne
ARy S thet felstd ARAZY F7h SO
AEZHFE S Z22Y a(chl-a)d SEE &
8] wobith. E3L, A A7 AxE AEA At
§ AZX Ao Z YeTH(Water Environment Information
System, 2022).
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day ' 22X FAH, BEA, EXA 59 £AR Falgo] &
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g3 Fste] TAIE (FERILA] A2019-155%, 2019) &
7 99t 92A9 BODY T-P Zx42L2 247 2.4 mg
L™ olate} 0.082mg L™ o]sto] i Tolf-o] FEBY| 74
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Table 2. Establishment of water quality target for main points of Yeongsan river.

Mid-watershed plan
Target water quality related points

setting items

Yeongsan river
representative
measuring point

TMDL plan
related points

GJ 2-1 Juksan YSA YSB Naju
BOD (mgL™) 5.0 5.0 2.4 4.6 2.9
T-P(mgL™) 0.2 0.2 0.082 0.145 0.086
F 2USAY DEAYEY A2 UL FESE (Water A 9 o

Environment Information System, 2020) 31X]7} BOD+=
FHEF(FA1) 29mg L7, T-PE SEF (=3X) 0.086
mg L'o|B2 A= 47 +2 FIHE £ A7 B2
A Azpe] SaskE o5 BA} EAHS e B
& o9} FUSHA AA3IE Tt (Ministry of Environment,
2021a). 2L} 0|23 X7 GAEHE JAte

Ae 4t FAN AY AL A% SRl ¥ 4
et
3. 917

B AT ME A 19 098 o weret
ZF(Table NS ¥R o = 3 (Table 2)& 2035
9177}11 257] el LA ofy et aRE AluE

£ Mt 4749 Augeo digt #2700 ax
£ A5 9191 A8 Ao] BT A1AH0] £ QUAL-
MEV $4RES o gatgint. o] mde 10 d53
o HAEE 98 4T A2 AT e wsh(
B 2764 We sED Qe fHoR ARALY F7h
2 wrojafof & Wut ofe} SARSo|N EEH Avpuct
Ag® BY7|EHY o2 wgos Y U 42 3
42 Shuso Atk YA 27 WEAL S 9l
T2 QUAL2E (HA3.0)2 7|utoz 7jutsl Aoz A
v Al 12 o] /-2t 2 - g WA A o tH(NIER,
2013). GAFF AN E A3, 494 L AFTFIAY F
o] %ol QUAL-MEV7} @o] A-&5o] fth(Gwangju
Metropolitan City, 2015; Ministry of Environment, 2018;
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Yeongsan River Basin Environmental Office, 2018; Gwangju
Metropolitan City, 2021). & @A = Ad4dA LAZF
7| 2AGANA FAE dEeE 153 QUAL-MEV
YL o)g3to] Ate el SARE AAtGOH, 1

olfi= QUAL-MEVE ©]&3to] #Ad&S AAISHEHE 7]
& A+ ARSI £ A+Y dF Ao g4 A v
243517 f1gtoltt

A X
_l_
B 24U YRARAOR e BT 57
-3 = 7

(cms 10 km™ ) 3}, G=7}, 27, GAEo| 242k 2,758,
4.701, 2.055, 1.221 24 FA}F G992 AGH 7H53Fo] A
U B BRI o] 7M e ol g ol I
& vhok 2ol P Aol wUE WEl o) AEA B
Nere 27 F 87571 9 2482 A9 44
A g7] oIt Ty Fo R Arjeh o] B e
=984 I Ho] X&Eojof gog Ja}o] LRE Q1Y
Hoz wati7)7] ofe e Atolet & 4 gtk IA 49
of olgjgt T2A FoFH o= Qs B $AI} GARE SE0

2 SHAA S Jgst et gade ol Hof B
Al vls) +EAFE7t =A vEhg kel glo E=3 4
AFel ek Hdt ARAIEE 7RSS Ad dat
Sof 22 190.91 293} 246.55U 2 A (Yeongsan River Basin
Environmental Office, 2013) FAHF9] FAF%F 25 o
sto] AFAIZES S7H= E 9 A A Y B E HE o
A skar Qi

2 dFolA= 29 viEH5HF (Table 1) Akt qgcq
T A st AT =AM A e
o3 2ol /fdstden, AT te 4 8% ’\}%‘J—}
&5 T Yo FESto] 7|FHIkE QIR dirkEY
A&l W BEE 14 T 22 A A= A
AE 5 Y=F 53

1) M Ente] EME fI8 7|1F AlLtz|2

SN AUl eEe] BIE AT Bl Y5t Al
U2 1(S-DI Alye] e 2(S-2)& vkdskstt. S-12 F4F
7t 24 20353714 L GFslE P?ﬂ%ﬁﬂ&% pla
3}%13 (Table 1), S-2%= H]oﬁ A< 1 gl
A A 7He T L @S APEst &lﬂﬂ‘%} S-2
o 23t BOD ¥ T-P] ZehabgAI2l#-2 22) 12,952.7 kg



day™' (B2 39.6%, BIH LA 60.4%)T} T-P 496.7 kg day™'
(A2 31.7%, W29 68.3%)0IH ol¢t & Hf o4
S PR EFTEA AT FHAHTYeE vk
AT (NIER, 2017),014 AAZE & #8351 T3k,
S-13 S-2= AAI2 288 = fle tFSolh 12y S-1
< obF A= AFEHA ¢ ) YElE 5 e o8
o) Z3gh 783 S22 S BAEAIYS vlg-9] 1 glo]
PO A&SA o]0 Zhe  vEre & e 2
o AFEE Rlst Ayl s 7H AT vlal A9
7|EER B8] st AAskit

2) 7|FH3to| M30| H2 AlLIE|2

[APS AT AEA WS FANE = e T
Hog Hg Mttt LAY FESUAY S 4
AU 3 (S-3)T AU L 4 (S-4)2 AT S-3=
7129 FHYERE LAY, LEFTFHAY, st
Au|712AE] SolA 203597HK] AlSE AFRIER AAE
A Ao=ZA A7 ZRAIE Al-FA 2 i 594, skt
2 Au| 9 s 237, A sk HdAdelth o)
A Sl 9% & 2 FARFFE BOD 2,501 kg day ™!, T-P
46.877 kg day'o]H o] S-20] 23t F| e FAHAFF
o Z3hg HiHolct.

L AAARA O o5 Aol o] FE TR 4T F
7P 3 AT 5% 5 ZAIE Ast] e s-4
oAz THET ARdS SHFARZFLE Agsk= A
47, TR 9 t71Es A 24, 393 AR E (A
) B4t A 14, 718 AFY 24 2 Bl Al RS
G 1270 Al BR7E obRt AEEREE HEF
Al 2 Aot Al7|oRE YAH o g Rt &
WS B3 XA G0l 4.587m’ s (396,316.8 m? day ™)
e AYE F27H ¢ =S Akt o= 20194 9
A () 7Y 2471 (11.05 CMS) 2 A4=7] (15.37
CMS) (Ministry of Environment, 2021a) tH] Z}Z} 41.54%
€} 29.86%°1 gt Folzt & 4= Sl

S-3¢} S-4of et A A JHERAIH], LA, &
HAs 94 BRds ol B3 A1E 82 T4 AR
AH9 SEETYRR v A5 (Ministry of Environment,
2021b)0ll 71&=e] gloH, & A= S-3¢ S48 &
of ALELS. 5 (5-5)2 ST, Tl S5 29 4
3 AU e2ZA FAY o 7
7ol Zol Zo] 321 = AHE L2 +HT gty
AgolH, 3 7| THILE 5|
79] Eo] AT o7tz E53 Ao A= S-5 A8 g

Kol @old 4 itk

il

174 CHZH 191

3) 7|30 M30| =2 AlLIZ|R

TR T ol A2 7|7k AT ARl
Aol ofzt edll 7|13t ALEH 2 HiE W 5 Utk
71393tz Qs8] 2050 oll= e uEtold FAETG & F
o] | 3.387}A] F7lekH AZF dofjoret ZHO U4
= 27 ouljet 38 AR Fojd A= A= Jlrh(Lee
and Jung, 2015). 7| SH3t2 Qlsf th7kgo] B7I7F A&
Aol shdolu Hel &, AX|o] Astp7tA] FAlol At
AAY ol Aol TA TS| wgol 75 T4
Q1 S rSadS RSk Wb S-59 F7Fste] AU
L 6(S-6)=2 HAsI)

SEuetol A= HY AR RZ S Fdo] o osit
ARE 7HY] Ao Qs H3 M= Adsks AL d4dA
22 oj#]E FHo|7] ol vttt Ao ATk A
< YL FeErdads AAgthE g 933
AEE T 4= A& Aolrh &3, o] A2 A
AAFEssd oo sdfbdatE sd SIS &
Yzl LA E= vlgAd7t 7] SHIEE Q1S =
A&EE Aol oA =Hozt=e 783 AR
A= o S Aot}

Sfreast A7 R4S HolA AL 100,000
m’® day™" oAl A 1,023~1,070 won m>©|™ (Choi er al.,
2019) $=FE9 AL 944.6 won m O]t (Ministry of
Environment, 2019), sj5E43t= U] d3 5 7]&0]
Tt et 1 AT 20 Aok A fAkS
A7FL ek seEedA A b 2 AHE Wi g2y
AT ke Aol obfE e A&EHHE Aok A
& T4 §lo] grE FET 5 Qlrk= Aot FF-Ad
Ao 8 A FEHY Aee2 20234 3¥ 1Y
19.97% (Daum newsl1, 2023. 3. 11) 18|32 F4H o A=
20234 3€¥ 6¢¥ 19.76%7HA] @ o th(Kukmin newspaper,
2023. 3. 6).

N W PR SAAUL $AE5 ADE

hul

o

A%
SR2% oloR 1 Gl MY EREFL 2 19 +A Y
o] B3 785.9 mmE 9 56.9%, A 954.4 mm=E
B9 66%°]7] W&Eo|t}t(Joongang newspaper, 2023. 3.
13). o9} Z-& 7 7|7bo] oF 1'd A=RIE| %= A7} o2
2 GRoNA st vhel Zo] gheF 2| A& o= JHE
o] TAYFTHA thA = B& oA I 3= AFs] A
A % ek SeeolN thEo] WaT e s
1967~19684, 1976~19774, 1981~1982, 1994~19954,
20010 7 WAF7I%= HA; FotA| AL Sl FAlolth
(Lee and Jung, 2015).
2 QoA 2ARTe) geu e F9 560l
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ESH FAOE Adol glol A AR g&st
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= “B2 A7 A o] 8 RAS =R 7
$ 5o sl A= AFE ol ste] 49 &
o2 FajElojol FHS Yo v rala FAFIY 7 899
RE &5 dgrde] AAF R S E (RES o1 ¢
onz Jage seEesiide AXE o] Fod #e
YAE E5ohe t= 7198 = & Aol

O

S

2. ANLI2|1RE UM g3t EA
2 AT AN A SAAN Alvel e mahs
QUAL-MEV $3REg o] g3t Az oz Agstge
o 71 AIH= Table 30 Yetfiglct. Foid) Al 291 -1

< BE AN $AFE (Table 2)7} 23HgS HoliL 3l

op
ot
il

‘582 .08y
ooz Bx dAS A sEAAgAE gt A
€& "ol Ut} S-2= YEAE AT YA 2E A
Mo FARRES WAL 5 e AR YEA, ole
Hl8&o] A =R ofa 71&HQ] SHY 2Este]
A2 AREA s2& HA A8 A3 Ao] ofzt e F4t
e B3 A AN A B A% Aol itk

dl

FRNBES V1E LAAATER o] 2ojH S 3% 9
BA, GEB(TP), oA £0BE| Fito] 2tE Ao
2 tehton), ofeld Auks s204 Y 1S Lefal
Fe PASE F712 ABslor G2 nlal] ] 24
AT BT A S S o)A Tl Ttk
T gleka & 4 9ltk. Fig. 20 Lehigld @49 BOD,
TP % chla 529 A=W WA A2 59 AL 5
7} gAstThh 1 ol HE L ofstET gl 2A1E ol
T gtk olefat FAE 290] A=W FHW ohe} )
BE0| Ao T2 Gate] T2 Wale] U2 o

Aol Azke] 242 L AARIAIYe] BAuIT T A
e 9] EoRE ST Yo QALY
e 099 welh Golokm BRI AAT} B &
M AgE)7) v 20009t 2ol +204 E3}
Egrout Hol 1 Eat WolAzha ek & 4 glek.
weh groEl GAZ] SAMAS 915 L GAtaTlo]
ohd gET U A0 W 219 Yayol 9l
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Table 3. Water quality prediction results for each water quality improvement scenario.

Water quality concentration (mg L")

. Prediction
Scenarios tems
! YS A GJ2-1 YS B Naju Juksan
1 BOD 3.6 5.5 5.0 4.8 5.3
i T-P 0.140 0.184 0.163 0.093 0.138
$2 BOD 2.7 33 2.9 2.9 3.1
T-P 0.117 0.178 0.153 0.082 0.123
53 BOD 3.1 3.7 33 3.3 3.5
T-P 0.129 0.182 0.161 0.090 0.135
S4 BOD 2.8 5.2 4.6 4.3 4.9
i T-P 0.102 0.174 0.150 0.086 0.123
S5 BOD 2.4 34 3.0 3.0 3.3
T-P 0.081 0.165 0.143 0.080 0.118
$6 BOD 24 34 2.9 2.9 32
i T-P 0.081 0.164 0.138 0.078 0.115




SR MCh 193

Table 4. Comparison of contribution to water quality improvement through pollution reduction and flow increase in S-5.

Division YSA YSB GJ 2-1 Juksan Naju
BOD Pollution reduction (%) 38.5 81.0 85.7 81.8 75.0
Flow increase (%) 61.5 19.0 14.3 18.2 25.0
TP Pollution reduction (%) 22.4 13.3 16.7 16.7 30.0
Flow increase (%) 77.6 86.7 83.3 83.3 70.0
[S: DAL IS O z]02ko] 2= olix] AATF S 4= o ;
4 At A SHE HleiA AR S-4= B 10.0 YsA G121 Naju  Juksan —
2A, H52-1 (BOD), JEB (T-P), 45 (BOD)oA 425 . | ve | —ss
. b

9] dylo] 23pg Ao= Uyt 35t 294
I B3 G EC] BeHA| R 1 v]go] oF 1/10% A ¢
2 Ao FAE T Qltk(Ministry of Environment, 2021b).
a2y S-49] ALS eliA= 7129 &5 ol A= 1t
of =0l Q= olsidTY vt ABE daido] Sk
3HH S-3¢9} S-45 HE S-59 Afole UFA Y BOD &
;9 OFFE AE]ekal UM A RE7F REEE A o' Uit
S-1& 7|22 2 S-590A LA fFSH 22l 9
ERAAE $ENAY 7]o1&-E Table 40 YEhRd
AazE(S-3)0] &% BODSH T-P /A9 HH 7|o&
2y 72.4%%} 19.8% 24 BOD7} oF 3.78] 3 §3=
(S-4)9] AoL 7k} 27.6%9F 80.2% 24 T-P7} Hj2
F 298 A Yttt ol2dt dits At ~AER
2% AolA L@ HEo] FEFFHIH A =
YHEHE I 29 AYA axrt 24 28 5 S-S @
ujgtch 259t G4t SANALE FRFRSAE &5
I @ FAR ol o)Es] 7] ol B A% AR 2
AARIES oln Bol A3FedE 8L 4t F Al
A U S FA8HL et 22u dhe g AR el
Ag37] S Holsle LIS S AT B2
A JFY gt gleng @ Jazhs §e AN I
78] FExpulgol vlsf| 1 anrh H2 "old Aot whahA
go 2= ARG WERT AF7HA] AFHoz &
53] AR FFSHAE Y S 23E g of 51,
o|& {8l olof gt FAH|-ES il 7]EY &5 ol
ARES ol 25 S vl s el FoekE vt
dsfjof & Holtt.
FFFH7} 74 AP L2 o] Fo7] S-59] - F3t
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Fig. 3. Changes in water quality for S-1 and S-6 by flow distance
of Yeongsan river.
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