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ABSTRACT

This study evaluated the water quality characteristics of two widely used indirect water intake methods in Korea—
riverbed filtration and riverbank filtration—which have garnered increasing attention in response to recent climate
anomalies. Specifically, the study compared water quality data from the Anseongcheon area, where riverbed and riverbank
filtration facilities are installed at the same location. Monthly measurements of pH, biochemical oxygen demand (BOD),
suspended solids (SS), dissolved oxygen (DO), total coliforms (TC), and fecal coliforms (FC) were conducted from 2016
to 2018. Additionally, five rounds of sampling and analysis of the horizontal wells in the riverbank filtration system were
conducted between 2018 and 2019. The results showed that both riverbed and riverbank filtration methods generally
produced higher water quality compared to raw river water. While riverbed filtration was particularly effective at removing
physical pollutants such as SS and turbidity, riverbank filtration demonstrated superior overall performance by significantly
reducing all major water quality indicators. Notably, riverbank filtration exhibited excellent biological treatment efficiency
in lowering concentrations of BOD, TC, and FC. This study provides empirical evidence demonstrating the improvement
of water quality achieved through indirect water intake methods, offering valuable insights for the selection and
management of sustainable water supply strategies in the future.

Key words : Indirect intake method, Riverbank filtration, Riverbed filtration, Water quality, Water resource

.M B

SRAE B AGA) FR8 LoD ALE
S5 glov, ol @ 49 o] ulg- Hotalth(Sim

FAAL B, FFRAATA A

R A e L B e S e e R e R L R R
SAAR: 2%, AR A TRk 2
E-mail: sjeen@jbnu.ac.kr
Received : 2025. 9. 5
Accepted : 2025. 10. 17

Reviewed : 2025. 9. 24
Discussion until : 2025. 12. 31

et al., 2025). HZ 7|1% 7|2 2sl] A AR
oldr} AlE o] B3] Aagle] Iz glo
H(KEL 2024), 548+ 7Pdeio = I8t 53 7zl
HIHs) e wel B9 85350 B = S
o}, &3k, 389] sA7F dAEtaL o)F Aelshe gl
5840 4 oz &8 o7l 2 Alavt
HRAISEAL, 22572 o F2lol] wet shxl 4~2o] ofsle)=
o] HIH3) Mol we} spTE FrdrE
= FHEY Bl AR ot 53,
A

AT 2T Tee] AeAS YA



[}
HMEsE eaRdz da o) A5dow A4 A188
7}

FANA

Metropolitan Council, 2023). ©]2 <18} ¢FZ|Q1 FH4=2lo])
gt 877} F7skaL 1ol 1Al tigh Balo] =&
Foln, HAd=E G W2 =l vt v &7}
7] wiie] R g AR el = =Rl A AT ==
AFsh7] $1g Ho R TRFSl el Bl 71eolaL
AT} A g gEe gl #o] ol wet
olell tigt F7ke} A7} o] FoiX|aL o}, A IS
9% F VA AR B oFIA vjelek A
“Jo]tl(Hamm et al., 2002; Kong et al., 2001; Lee et al.,
2008).

HFHTE o 2R/ Zau A 355 52
SpAl ofsh, §, s el B B2 AR AN
H 7o F5 FHgshe WA(GRI, 2008) 0.2, F-2vet
o|A ©ol ol&slal U= AT WAlelle oS
(Fig. 1(a))°F E7(Fig. 1(b)) F57F et ddazt
Zof| M2 PG E o, 34 B 1 1A
BHAAETS 5 22 HYsta Jor, BERI=
3hd, A ool Fale 99 v ot e
S 59 &5 2+ E2 Aojsiar ot

o ae ke 2557 AALHA AW FF
oS T8 AFske AAZR] A8 7=
55 FHshEA sk =814, sk, A&
HAo] LAEZAS F3lskAY AlATH(Ibrahim et al.,
2024). A=t W AQAAE T3l HE,
AE QEE, A7ISES 49s] AAT 5 Ao,
AAESFS oA A2 ALgsle] s T8 U
 ESFRY TF Holu, A8Fo|a vl &&Z<

[

o

to

(a) Riverbank filtration

J. Soil Groundwater Environ. Vol. 30(5), p. 9~21, 2025

A4 FEH o] HT(Elhadary, 2024; Ibrahim et al.,
2024). ¥HA B Haqe v Zo] 7 m olsiE 27
0.6~1.3 m9] ZINE FFTE Xl FAAol AZFg
Z f3del 2ME datd SHFE JAFHPor Hol
A i WA=, Q1914 )3ke meu A2
TS 53 SRS ol gsith

ZAHATEE 187090 FHe SHOR BAFo=w
AREE7] AR o, B3] F9ie] WEE 1% 290] =
A3 2121 (Rhineyd £33} =1-$~(Donauyd, 2l (Elbeyd-
9 SollA 7o) 3] o]FoiRtt. o] AY FlES
nlolef 9 {7184 59 4% fElEdERE 2w
e i B S I R A P I G s v | e AR B
E N dskar, 22d Al gl = S QF
goF WS F2 ol gskar Arh(K-water, 2008). F|=1<]
PR} FAGL ASFAHE(disinfection by-products)
TEAY JAFE HYA, Rolt]ok(Giardia lamblia)2}
APEAE | US(Cryptosporidium parvum)@} 72 1A E
LABAS AAZ F e 5 ol AL A%
slon, FHAYS FAHoE QHHNE s o
/531 AthK-water, 2009). T ME &2 o= Z7}
slal e & Fad A= tiMsr] St Y
SE ikke g Aol gk A 1990TFE] Al
200 (Lee et al.,, 2010), S250] F4A @23 o
B o] e F4lo] =t

B 5 oRle] §e X9 2831) ujiel A
AH SRaelA AR 0] 3-E AlE-SFA T (Blavier,
2014), 7T vls) FAAZ a7t He Zo=
4 Aok 202293 AFEEA(MOE, 2022)0) whaw
ey} el HAFE ARSI e ERG=
A3 15470 Aol 94 Folm, F-S 431,394,193 m’/
yearo|t}. Se]oME BRG] gk A Al wig- =
=1, 550t dicagre] FEo] JUYR tls B

;

o

(b) Riverbed filtration
Fig. 1. Conceptual maps of (a) riverbank filtration and (b) riverbed filtration.
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Fig. 2. Drilling points at the study site (Anseong-Gongdo area).
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Table 1. Geological conditions for drilling points at the study
site (Panasiawater, 2014) (Unit: GL.m)

Depth of each layer

Drilling
points Silt Sand  Weathered Weathered  Total
(m) (m) soil (m) rock (m) (m)
AS-1 - 8.0 6.0 1.0 15.0
AS-2 - 7.0 8.0 1.0 16.0
AS-3 - 8.0 12.0 - 20.0
AS-4 - 6.0 7.0 - 13.0
AS-5 3.0 3.0 14.0 - 20.0
AS-6 5.0 1.0 11.0 1.0 18.0
AS-7 2.0 5.0 10.0 1.0 18.0
AS-8 4.0 1.0 8.0 - 16.0
AS-9 4.0 4.0 35 1.7 132
AS-10 5.0 4.5 4.5 1.0 15.0
AS-11 3.0 4.5 9.5 1.0 18.0
AS-12 3.0 5.5 2.0 - 10.5
AS-13 4.0 4.0 7.0 1.0 16.0
AS-14 3.5 7.0 8.5 1.0 20.0
Average 3.7 4.9 7.9 1.1 16.3
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Fig. 3. Location map of the study area (Anseong): riverbed filtration (rbef) and riverbank filtration horizontal wells (OW-#).
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Fig. 4. A conceptual map showing angles of horizontal wells in riverbank filtration along with horizontal well numbers (OW-#).

Table 2. Environmental standards for water quality and aquatic ecosystems of Korean rivers (Basic Environmental Policy Act

Enforcement Rules Asterisk 1)

Standard
Grad Coliform
rade oH BOD COD TOC SS DO T-P (MPN/100 ml)
(mg/) (mg/l) (mg/) (mg/l) (mg/) (mg/)
TC FC
Ia 6.5~8.5 <1 <2 <2 <25 752 <0.02 <50 <10
b 6.5~8.5 <2 <4 <3 <25 5.0 <0.04 <500 <100
11 6.5~8.5 <3 <5 <4 <25 5.0 <0.1 <1,000 <200
111 6.5~8.5 <5 <7 <5 <25 5.0 <02 <5,000 <1,000
v 6.0~8.5 <8 <9 <6 <100 2.0 <0.3
% 6.0~8.5 <10 <11 <8 no trash 202 <0.5
floating
>10 >11 >8 2.0< >0.5
MPN: most probable number
2 FAT sk, AT B BRS AR 7 BOD, SS, DO, TC, FCE #43l xS, B, 7
P8 5PN FAOATING/IZA Wk olFol ol $38 vlang Alolrk. pHE S HiEek
ATt Table 2v 7+ Al $49] LIRS Hola}V] °] 7.6 10.0, Hx 6.9)F TR SW A7 E
AP BIEOR DB WY UL 12 £ (Table 9 VIR, Wy 71EE 2N 397}
A g FAEA Y] ALETES et A eH, EFFGe] pHe Ht 7.8 9.2, 4 73)0%

41 ¥ FEs +E 24
2

Fig. 5 20163 1€

FH 2018 9971A] EZ pH,

aRet Al RS RO, A AN 23t AL}
1At ¥hA, RG] pHe et 7.1 & 7.9,
A 642 W APRE B 71ES S53ITHFig. 5(a).
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Fig. 6. Monthly average water quality data represented by box-whisker diagrams for river, riverbed filtration (rbef), and riverbank
filtration (rbf): (a) pH, (b) BOD, (C) SS, (d) DO, (e) TC, and (f) FC. The values indicated in the box plot represent 5% quantile, 25%
quantile, median, 75% qauntile, and 95% quantile, respectively, while open X marks represent the average values.
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71E%] 6.5~8.50 T EEE] ATt BODE 3kdglA] 4
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Aolsa= 8ol 2.5 mg/lE YERIT SSe skl
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279 mg/l, 38 mg/l, 27 mg/ISdt}t. TC 2 FC/} 7 =&
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o2 3RS 40] 7FE Yt A7) 8¥=E SS, TC ¥
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Table 3. Average water quality analysis data for each horizontal well at the study site

Rbf
Content River Rbef! Average .
OW-O OW-1 OW-3 OW-4 OW-5 OW-6 OW-7 OW-8 (SDY) Min  Max
6.9
pH 7.3 7.3 6.9 6.4 6.5 7.1 7.3 7.1 6.8 03) 6.4 7.3
BOD (mg/l) 124 1.7 1.0 1.2 1.6 1.3 1.0 2.6 0.9 ((1)'2) 0.9 2.6
3.0
SS (mg/l) 292 5 3 5 4 1 1 5 3 0 5
(1.8)
DO (mg/l) 8.3 7.6 7.6 7.7 8.3 7.9 7.7 7.7 7.6 ((7).5) 7.6 8.3
Total coliform 140
(MPN/100 ml) 3,523 5,550 11 39 33 5 16 50 19 (305.0) 5 946
Fecal coliform 0.0
(MPN/100 ml)) 368 552 0 0 0 1 0 0 0 (04) 0 1
Fe (mg/l) 003 003 010 004 0 002 003 0.02 010 0.09 0(8)5 0 0.10
Mn (mg/l) 0.06  0.11 058 335 077 023 025 021 086 1.74 (i'g) 021 335
L & 9.0
Turbidity (NTU*) 21 3 6 17 9 1 1 27 0 g 1 27
NH;-N (mg/l) 093 077 033 024 028 027 024 031 1.06 023 (g'g) 0.23 1.06

'Rbef: riverbed filtration, *Rbf: riverbank filtration, *SD: standard deviation, “NTU: Nephelometric turbidity unit
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Table 4. Results of independent t-tests comparing water quality parameters between river, riverbed filtration (rbef), and riverbank

filtration (rbf)
River vs. Rbf Rbef vs. Rbf

Parameter

t-value p-value t-value p-value
pH 3.58 0.009 3.58 0.009
BOD 56.34 146 x 10710 1.85 0.107
SS 394.85 1.76 x 10716 2.73 0.029
DO 6.32 0.0004 -2.31 0.054
TC 29.35 137x1078 46.93 522x 10710
FC 2247.0 9.13 x 1072 3371.2 534 x 1075
Turbidity 3.70 0.0077 -1.85 0.107
NH;-N 5.64 0.0008 4.03 0.005

shdg~= 849l SS, TC,

FCO) 557k 713 Eom 42o] efatsigted, ol
21 AFE92 QB AR L 0ed Bl 28
A9102 S 4 S SR, SRISE R

gmol s AFDA7EA IVEF olshz et
& SFolglon], BRIE FC YBL A9
Spa oA IFs el shgelgict. olel Hlsh Zuciriit

Tt S FARkL o, ARG 847 Il
v

Table 32 2018F5-E 201997HA] U] x}elo] 24X &
A8k sz, B, I A7) pH, BOD,
SS, DO, TC, FC, Fe, Mn, B, NH;-N&] H13k, o)
® R Hags UER Zlolt). SR BRG]
do| o U3, ERTEY HAAGe o] o 5
et Z o2 et BR4= SS € gl =& 32
A7 2 Bt ARloldae d3 ks AlLlgh o
FEo] oA 2 A A BYE BYlon, 539
BOD, TC ¥ FCol| tigt xg] 83} €53 =4t
Hg Ao BODY BiakS 1.3 mg/l=, Hagh
< OW-8(0.9 mg/l), HHFk2 OW-7(2.6 mg/) .= ThA
zte]7h AT SS9 Hit k-2 3.0 mg/lo]H, HAaghe
OW-6(0.9 mg/l), FHZES OW-7(5.0 mg/)E L}EFTh
TCY HHZ 140 MPN/100 mlZ, HAZES OW-5(5
MPN/100 ml), H#k-2 OW-4(946 MPN/100 ml)Z
tE &4 g0l Bisl Zol7b A YERTH Mn
HIFS 1.0 mgl=2, HAg-S OW-6(02 mg/l), gk
OW-1(34 mg/)Z ThA Zo)7} QIglow, B Baighe

9.0 NTUE FHAZHE OW-4(0.8 NTU), HHZHS Ow-
7(27.0 NTU)E 4= 31c}
7y 4 PR SAZEC] FAKCE folsh Alol7t

PEAZ A7) Ao SUER S BEIAA.
=]
5

Zy7y vl o, oM Q] scipy.stats.ttest ind S
AREsle] FARS 7HYEEA] 9 Welch's t-tests 21-8-3}
ATE Rivers} rbf Ao A= -9 2 3=((pH,
BOD, SS, DO, T.C, F.C, Turbidity & NH;-N)°|A it
& AR fFotk alol(p < 0.05)7F A=A
Rbef2} bt HlaoXe J7 F23E(TC, FC % NH;-
Nyl A Frojgh zto]7} S1E AT - @ pate
Table 40| AA|= oM, 3P AT vl =
O T8 FEEA FAHCE
Ql=jo] ZHodrte] =4o] gHad] F& A
B} ol G5 oA vl frefel st
o7t vt AS & 7 Uk

4.2. Z4#Hoizls HEYH F5i8 3 24

g7 oA ZARATNGSE FHPERE 23]
ole] BAS BT Al IlaL, FolRo=
7Fs3 AAE QY Aoz metdn) B Aoxe
ol AL Z 20183 11€HE 201937H4] & 43t
dloll A3 pH, BOD, SS, DO, TC, FC, Fe, Mn, %,
NH;-N 58 57082 vl 248159

pH 4 23}, AAH o2 s L7152 6.5~8.5
Hefoll EFEA M (Fig. 7(a), THAHY 2=t W)

2 2 Aol TEEHA ddth dF AR iEke|
A3 OW-1, OW-3 2 OW-8 TR = T2 20
HJ3)| oha B ghs Ho) = 127 g Zjolrt
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ZAE Aog FkeEn),
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Fig. 7. Water quality analysis results by horizontal wells: (a) pH, (b) BOD, (c) SS, (d) DO, (e) TC, (f) FC (g) Fe, (h) Mn, (i) turbidity, and

() NHs-N.
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FiF o & BODZF YER, 9] Wk 3 9
A7} Ay G&ol TS v F ASS HAFE
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