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Development of pre-treatment for the injection water into the aquifer
storage and recovery(ASR) in Korea: The two-step rapid filter to reduce
physical clogging and secure the volume of the injected water
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ABSTRACT

Two step rapid filter system as a pre-treatment for the injected water into aquifer storage and recovery (ASR) in Korea
was developed to reduce physical blockage and secure the volume of the injected water. First, single rapid sand filters
with three different media sizes (0.4~0.7, 0.7~1.0 and 1.0~1.4 mm) were tested. Only two sizes (0.4~0.7 and 0.7~1.0
mm) satisfied target turbidity, below 1.0 NTU. However, they showed the fast head loss. To prevent the fast head loss
and secure the volume of the injected water, a rapid anthracite filter with roughing media size (2.0~3.4 mm) were
installed before a single rapid sand filter. As results, both the target turbidity and reduction of head loss were achieved.
It was determined that the media size for a rapid sand filter in two step rapid filter system (i.e. a rapid anthracite filter
before a rapid sand filter) was 0.7~1.0 mm. In addition, the effects of coagulant doses on the removal of natural organic
matter (NOM), which might cause a biological clogging, were preliminarily evaluated, and the values of UVas4, dissolved
organic carbon (DOC) and SUVA were interpreted.

Key words: ASR(Aquifer storage & recovery), Pre-treatment of two-step rapid filtration, Turbidity, Head loss, SUVA(specific
UV absorbance)
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(National Research Council, NRC)2] E1}3}7] &3
(Water Science and Technical Board)= ¢2l-85F<]
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Astgom, AR GPIlAE Aoz A
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22 slata 9lTH(Park, 2012).

A EIAFA 2 BT ASR(Aquifer Storage &Recovery)
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= A x5 AsE g3 Wel OIHX-I o 295t
Astal ool weh este A SE 7]E0]
ok ASRE BAAlOl= a5 XVJ‘SQ% o]-g-3}

F9 2] 28 e, HAAolE e
°ﬂ ARE == o2 =y A *é s

ol oJEsh= S Hag 4= 9l
7]EH%E}(Park et al., 2013).

ASR Ao A Q) Bl o3} Bpad AZAY
= owse AR AR 24w deA AckPyne,
1995; Page et al., 2014). 31522 42| u}e} &2 %]
B, SokA wajo] dojue, BalH A 2l

= B2} TSS(Total Suspended Solid), A ESHA] o
Al 9]z} &2 = TOC(Total Organic Carbon), A}1-5-7|&
Z(NOM, natural organic matter), &4, &2 o] 3l
Svl, ol spatol AR sftutct 34 o

ML etk @2 A QJcKDillon and Pavelic, 1996).

w—% 29 A AM 5o Aodnel e AA e
7IHe A3t A7 7FssttHLin et al, 2006;
Tufenkji et al., 2002; Schubert, 2004).
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Table 1. Examples of ASR from various locations

ot MA 2 7eS 4853, B 7|&% 2-3 NTU
2 ggsisith 2 Agolxe AAALS g B
£Ao | NTU o|atz ARstasd, dx] =y o
W Azl dat At #9572 7120 BeiA o
A Fol A E M (Ministry of Environment, 2011)
A AS5E YR AFEIE FRE 9o 4
£ 839k

Lin et al.(2006)2 F-G-E2] 9] HalaFS
Z1oJ 2 Roughing filtration)2} <=2 Y
A 4 = gsonE AgeE -Z7%g(Multi-stage
granular filtration)2 A% 2] 2 A3} O, ol A
£ ARIIAE Walels EF4ol ke +AS
HyStsh=dl Agsto] theFet e Aol 4§
7153t Aoz A4 A QQth(Park et al., 2007). LU,
T4 S A Ao Estal, Azl A
Lr= 542 dutxoF 03-1.5 mhrde 2 o
ol A-E5= 74(0.04-0.4 mhr)H th= W= 5
ol AL E= F5Q 5-15 m/hrof| Bl =2]7]
W] o]|(Graham, 1988; Wegelin, 1996; Collins et al.,
1991) ol 7] WA olzi4 W LAEAHo| vt A
FHY % 9k 2, 240l o3k mei®u opet o
T35 TUTEE WSA A S AdFolAe AE
ofziEsl AME AHsIMo] ALE ool Tt
(Edzwald, 2011).

2 A= ASRAZES] A 71 e
Aoz, Beld A4 ALE AT
S ol kw2 WA
Ao EojT} + & mefjoiapyof gk ZAo|th HxE
Z(1 NTU o]shg wtEst= 271 =& 98, 44
7], 84, T e =Y g9 94 SHdeF
& Wrtslel 2 S F&olniAel AA2AS AN
Gt} w3, F7b80 = S3o] uFE DOCSH UV254)
H7goll Tstel maksHac.

ZOoOlA X
FU AT

S TA|(F& ¢

Location

Pre-treatment

Water quality standard

Orange County, Florida
Kerrville, Texas
Bolivar, South Australia
Urrbrae, South Australia
Omdel, Namibia
Windhoek, South Africa

River

Dam

Advanced Treatment
Domestic standards
Ponds + Cl,
Ponds + Filtration

TDS < 30 mg/L TOC < 0.3 mg/L
similar to groundwater.
Turbidity < 3 NTU
Turbidity = 2 NTU
DOC 8 — 10 mg/L

DOC ~ 4 mg/L

Storm water :

*Summary of (a)Wehner, 2010, (b) Murray, 2009, (c) Lin et al., 2006
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2.1, Haid=
Aglof AREE Dl gkt YEoA] Al4sshglo.
o, AeE dpo] 28 EAS able 20] Lhehfioich
AR mEf(FFAHS} FEAI|ES ALgEIY o,
S AA= Aly(SOu)s+ 14H,0(Duksan, korea)= 2132 4=3)
35tk Lab-scale column of= &A= 7 5 cm
=0] 200 cm H7]2] YF oz AZslAch

Table 2. Characteristics of raw water

Han-river® ‘ Nakdong-river”
Items (Unit) Range
Turbidity (NTU) 3.5~4.5 5.3~6.4
DOC (mg/L) 2.1~2.6 2.4~3.0
UVass (cm™) 0.040~0.050 0.067~0.080

*: Sampling at Sept.~Nov., b. sampling at Dec.

2.2 AlgddiH
2.21 AAXX| 2H

Lab-scale column o]3} &74-& Fig. 1o] Uetd 7
Lo} Tro] FAE FHAdste] A skt 27
AR A= FE Ao E 12| o A AYAHE

G252 A7EE ARG} EAYR wejoz)
o] uf gism0] 41 B

Ao) A5z Mgk o)
Al

Peristatic
Pump

A . .
Sand (I 2 S Lo i
B Anthracite
Single Two-step
B Gravel Filter Filter

Fig. 1. Schematic diagram of single and two-step rapid filtering
system.

ZAL-ol= Ex 1.08+0.03 NTU (n=10), DOC 2.19+
0.08 mg/L (n=3), UV2s4 0.049 £0.003 cm’”! (n=3)0]¢ o,
Y57t ALo= €k 2.62+0.08 NTU (n=10), DOC
2.63 £0.02 mg/L (n=3), UV254 0.074 £0.005 cm’ (n=3)
o2 A ARt Ftol Ao dASHA FAIE U ©
A WX} 26HA oMo ARRRE Yps HFE W
H7)7F AR E 225 E Cole PalmerAle] tubing H
ng olgstel YA FASER Eadslglon, &
A % Q4 Avhch columnol §2UE7] A Ao}
Haterol A olzElo] e §Ee] Rue Wadd
Hol ARUAR ZPalgch SUAH Al SAAL
291915 Bere] 2% o]shE YA} BHZ Ea et

=35t FAsHAH-

ﬂll

222 ffU=ERE X

oA}l o] AMgSHE oA o fFaAY dEATE S
Ast7] Y& =Y TylerAbe] RX 30 model 2] Ro-tap |
AE715 AMg3l9on, KWWA(Korea Water and
wastewater Works Association, 2009)0]| 4] A|5-6l= =
& ofame) AFYAL vt JERE 24 S5}
At} StETAIO|E o] Z7]= 2.0~3.4 mmEYE A}
gatgdon, e o7 0.4-0.7 mm, 0.7~1.0 mm,
1.0~1.4 mm®] A 7}HA] ®91E AAsto] AFsAt

)

2.2.3 ST = "It

o Ao 28-S
7] 93l Jar-test A - Hs &=
715 PVCAR Q] 712, AR, =o]= 10x10x 14 cm,
Rk G dEH o) A7]= 7he, AlE 242 7x2 em
2 A QI FE5HH100 rpm, 143 2H5HH30
pm, 302) B HAGBORE) & A 2 AT E A
FHsto] &=, DOC 12]al UVasss 545Gt E3
Jar-test A4 Hojl Aufe} Hefj o] Bpx|(of 2| =27]
04~07 mmpelHe] SUA FUF| W e,
DOC 12]al UVes A¥HE H|aL FH715F3ITh

23 24

A% W ool 4 B4 PEom HEb
HACHA}®] 2100N turbidimeterES A}8-38}o] 2570] $HH
STABLCAL Formazin 3-89 0 & Calibration 3}%3
o, Qg el Aol Al AEE sloelz 3l Hstol
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24287 R0l FUSA T SASAE Uiy 4 B 0l 1000200002 713531 9]0, (Crittenden
+ AnalytikJenaAl2] SPECORD-200 SpectrometerE: ©] et al.,, 2005), Kawamura(2000)= AlZo|1E 93t Ld
2310w, MES 045 um o] X|(Filter paper)o] o] ratiogf O 2 o|1}x]of AL QJZH(fine media)E A5}

w3k F, AQ Aol dof UVab 254 nmof| A 745}
&t} DOC(Dissolved Organic Carbon)+= AnalytikJenaA}
9] NC 3100 ©]-&35}%=dl 045 ym |25 Fapgt
MELS pH 20|8t2 2dstal Fdar Z7|sto] 3EAy
7158s AAS Fof iL24F} NDIR WAlo=
DOCE S73I3ity. SUVAE 9]9] Wos S43t
DOC(mg/L)2} UVasy(em)2] 2891 L/(mg-m)©. 2 L}e}
welck

-

3. 2ot o 1

3.1 o1l Y=EERE H odxf 7Y

orEEiAtolE W mojolnha oinjze fE AT
T+S5AG4E Table 39 YEMSItE 88 7 (effective
size, ES)¥} o5 A|4>(uniformity coefficient, UC)+= ¢
Aol EEE] BHL Ui Fa dAE
2 #] Q) TH(Crittenden et al., 2005). SEH L Y=H3x
574 AdolA =&3 7 A A Als s 10%
of sfFst= YHDwelH, #sAT+= Fa4d A
s 60%0 Dt U7 (Deo)2] +E(Deo/Dio)°l
TH(Korea Water and wastewater Works Association,
2009). QmBEEA Az Aol Sz of=
711 QEEZAPOIE(AN) 9] F-874-2 1.95~2.05 mm&]. o,
Sand-A, Sand-B 18|31 Sand-Ce] Sa7HL ztz+
0.38~0.48 mm, 0.57 ~0.67 mm 12|31 0.95~1.05 mm
2 &Aool Faioldrt. F&oiaA] oA
ARE ASTE AAS FAV el dFavt
2 HHd, A A SHA 7L Qlo] &AL w
ZrllnR A7 oA %o olEe AoR
2 ] ) th(National Institute of Environmental Research,
2013).

Ld ratio(o] 5 Zol/FaZd)e oA AASE

=

we | o do

Table 3. Characteristics of media used in the filter systems

e W= 1000 o4, Fa7%o] 1~1.5 mme| AZ ¢
ZH(coarse media)d w], 1250 o] At E A
o] AEH Ld ratio g oF 140008 AA g0
ERE 248 59 wad 440 Ut o)
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3.2 T= =il Guix|olA GiEY

ol
2rlof o] %]
S0l N 4TS
54 mhnz AA3H
Seolna §E40 B, UV2SA, B4,
3k Fig. 20 Yt Ath Al 7HA] F-8273
L og7749] Sand-A=
Bl 05 NTU ©]a}

=
2|

Jo
1B
(b
i
_l
5 A

O 1o i xR ANy 2R r

ME AL o Ob > m

2o & WhE thCleasby and Baumann, 1962).
Sand-Bi= &AAIZE 5 &5 HF =5 W

AL, AL =T KA PR EAFFTE SHA

243t o] 5 HE3| F7FSFGIE: Sand-C= 64]

3
Zl_

2R W EUST S} wlulstaA, §
S5 9% 1.ONTU 2o 55 g s Y551
wooc ebd 2R $0e fASHA SUSE
2718 A dA7]7] Yot HH o2 Sand-A9} Sand-B
Aol eHa Wl AAAIEA §4E §AT
S e 7Y 48 nelsigch 2o, 54
o Uvas4 gr& Z4sheliz, 2
2

Media type Size (mm) ES (mm) UC (D10/Deo) Depth (cm) L/d ratio
AN 2.0~3.4 1.95~2.05 1.3 70 350
Sand-A 0.4~0.7 0.38~0.48 1.2 60 1395
Sand-B 0.7~1.0 0.57~0.67 1.2 90 1451
Sand-C 1.0~1.4 0.95~1.05 1.2 140 1400
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1.1 4 - p —e&— filtrater after rapid mixing
8 | t 0.06 y O filtrater after rapid/slow mixing
1.0 o o o o v supernatant after rapid/slow mixing + settlement
091 B ! 209 v
5 081 ~ = Initial Turbidity : 3.9~4.5 NTU
[ T =
z %77 " - Foos £ z
= Initial Turbidity : 3.5~4.5 NTU o g
2 0.6 Initial UV254 : 0.040~0.050 abs/m < %
° re] p=l 4
£ 05 g s 07
S 0.6
04 > = v
- v v 0.5 e
03 v v 0.02 0 ]
—O— Effluent turbidity (Sand-A) 034 © v
02 v Effluent turbidity (Sand-B) 02 4 v Y
O  Effluent turbidity (Sand-C) : Sie) Py -
0.1 14 10
—&— Average UV254 in all effluents 0. j’\?
0.0 | T T T T T 0.00 0.0 T T T T T T
0 1 2 3 4 5 6 0 10 20 30 40 50 60 70
Time (hr) Alum dose as Al2(SO4)3-14H20 (mg/L)
100 Fig. 3. Turbidity at different alum doses.
140 4 v
8o 100
= G o h
R4 v g v —e— DOC in filtrate after rapid mixing 24 Q
3 T O DOC in filtrate after rapid/slow mixing P
2 420 J v F60 oS . 80y —w— UV254 in filtrate after rapid mixing 22 >
S P R L v UV254 in filtrate after rapid/slow mixing o«
o 8 © —=— SUVA for rapid mixing o
Z o 3 60 4 o O SUVA for rapid/slow mixing 20 = (==
S . - L4 3 £ €
g P8 g
T 100 4 —O— Filtration velocity (Sand-A) § S
v Filtration velocity (Sand-B) % ;':’
Initial Flow rate : 132 m/d O  Filtration velocity (Sand-C) [ 20 > 5
Initial Head loss : 35 cm ®— Head loss (Sand-A) s %)
¥  Head loss (Sand-B) %)
B Head loss (Sand-C) le)
80 T T T T T 0 [a]

0 1 2 3 4 5 6
Time (hr)
Fig. 2. Turbidity, UVas4, effluent flow rates and head loss
at a single rapid sand filter.
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Bl wASGCE $UA FEY FEIW Ex B4/
BEI T HEAL olhFol2 Fo) AF ol
3 olmbol /ST + A T AEAE A
Hstol GES SHI ALE Fig 3o Vehfdm, S
WA S G2 ol W AES0] HEE Folol
AT BRI WAHNEE P4 Bt
A/ W] A9 SHA FY FE 5 mgLy
g olak4 BEst 015 NTUZ Wojal 5 A4stA)

9
o 5 glgieh. B3, AN EE(FE/S
SINHAES0] SEAAS ISIAE 20 mgle]
[e)

t}. Jun et al.(2002)&

i)
)
N
N
s
it}
2
o
ot
filo
e
4
30,
32

0 10 20 30 40 50 60 70

Alum dose as Al2(SOa)3-14H20 (mg/L)
Fig. 4. DOC, UVys4 and SUVA in filtrate according to alum
doses.
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5~10 mg/L HEoA UeEFTtHMonscvitz et al., 1978;
Tobiason et al., 1992).

Fig. 4= S3A ¢ s=ol weh wygk & o1kx]
£ 0|83 oT4=9 DOCY UVasol AAE 2
Specific UV Absorbance (SUVA)E UEH 13 o]t}
DOC AlAEE SHA s=7t S71ed4=E Jr4ez
Asoton, U= 70 mg/LoAl 38%7HA] A A
7} 7Fs st A Th B3 UVasy AIAES SA FUs%
10 mg/L7}A] 24-27%74A] 27 Z7V8+a, SUVAZE
T Z& =7 22904 1.7 L(mgm) o|st= =7
wastork
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2.0

White et al.(1997)-> SUVAZFo] EAFS] 2FAH- 100
71E2 A E UJehys Qe 519 2™, Archer
and Singer(2006)+= UVyss7} A EX5F SR ETE 1 EA}
o Aol U 2 G Whoky siieh uebA, of
HHES G S 2Y S SREEE
UV2549] 5717 DOCe] F7tH e 7] wfiof] SUVA
grol 27 At o Besn, S04 Aime 1
Halge] B82S 9K o AAT Ao BehE)

Aupor ATRABE 4 FER AT 10
mgL7}A] g 9 ZAdgr|Ede 343 AALS I T T
Hoﬂ o & —Q—X]Zi uyl =7 6‘1—*% E’]‘E%‘; o1 A Alum dose as Al2(SOa4)3-14H20 (mg/L)

B ;:\?D} ];—oqooa l; o bs ]—:_ET o EXO Fig. 5. DOC, UV3s54 and SUVA according to alum doses at
SHAAINE 2AHA 7= & UEH = DOC2F UVass A a single rapid sand filter.
Aee Audon Zr e,

—O0— Effluent DOC
v Effluent Uv254 1.9
—O— Effluent SUVA

®
S
L

@
S
L

¥ 1.8

]
SUVA (L/m mg)

UV254 and DOC(removal %)
S

Raw water initial SUVA : 1.99 L/m mg
initial DOC : 2.17 mg/L
initial UV254 : 0.043 cm-1

Edzwald(2011)0l] =t 23oiap Al 2Z|9] &3] 13 120
124 | ————  Effluent turbidity (0 mg/L) ——&——  Head loss (0 mg/L)
Al FUFS ARpdntoRe AHEA o, F {0 - Emenmenoonsn || B - Hessesmgonoh) | | o0
%1%‘#0] %‘7}@01] Eq-l_i]- _/r\_;g% /\‘] /\_] 3] 7H/$j_ﬂ;(]?_]_' —é\_— 10 o Effluent turbidity (70 mg/L) * Head loss (70 mg/L)
- . 0.9 1
HETh whes) F7kstel ol o) sk wekant L) .o g L
I B35k 2 o7 i
> 06 08
g 0.5 ‘ Initial turbidity : 3.5~4.5 NTU §
3.4 %Ex'" _7|:_|°=|0'" [[|-§ EEHO:‘E'-II Oliﬂl-gg }E 04 4 Initial head loss : 35 cm 40 T
0.3
Aol BYNM BA % S 2uE F 00 o T e
5 3]
&3 4 9l HHE SANA AgEE ol ol A L — :
- - - - - 0.0 0.5 1.0 1.5 2.0 25 3.0
ok AR A 2askE A% & AdoA= O]‘g L Time (he)
ARRE Aol 0w SRA|eL s HEo To Fig. 6. Turbidity and head loss at a single rapid sand filter.

st 1) §E50 U W SUSEY WAE Fig 35 34 UEOIE O] oIS
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mefoupxjo Ao AARTIEE AAE 7 FHFig o TABF 2 QI|Nl, AR ZylE sz 2ol

5)2 Jar-test:d ZiKFig. 4)et FAFSEY] FUsk= & 2ro ulEA|Z 2= ¢luba wstgnh wepd 24w
] RSN

A e 10 meloi s WVaw/k M 1 popap ) e et paAslus f4e
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aeola Aol Ae] SHA YN THE FES HEE oo e s 130 s ARG Gl
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%;Sxﬂ == 10 mg/'L?_l %],?_oﬂ 91]: 0.2 NTUZ Jar-test 2 1:];_%70}_ LJ__/F_% —-,Z—?:}‘c:)‘]—Of] —%Z‘jé}‘ﬁﬂ}.
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UV2s4 (cm-1)

40 - 0.04
Initial Turbidity : 3.96 NTU (Han-river) / 5.99 NTU (Nakdong-river)

Initial UV254 : 0.05 cm-1 (Han-river) / 0.07 cm-1 (Nakdong-river)

Turbidity (removal %)

20 v —e— Effluent turbidity (AN) at Han-river L 0.02
O Effluent turbidity (AN) at Nakdong-river
—w— Effluent UV254 (AN) at Han-river
v  Effluent UV254 (AN) at Nakdong-river
0+ T T T T T 0.00
0 2 4 6 8 10 12

Time (hr)
Fig. 7. Turbidity and UV.s4 at a single rapid anthracite filter.

B2HE AR ARESt] 12 md ARG ER SRR
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506 oSl i AARE 8 4 Slof T 5

3. | OTIX|(Two-step filter) A
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i W o SRS Qe A EE F
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UFER $ict.
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—#— Head loss (AN+Sand-A) at Nakdong-river
O Head loss (AN+Sand-B) at Nakdong-river
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Fig. 8. Turbidity and head loss at a two-step rapid filter.
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