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Effect of coagulation condition on the fouling of

coagulation—-UF process

Su Hyun Kim

Department of Environmental Engineering, Graduate school,

Pukyong National University

Abstract

The pollution increased the environmental deterioration of the water sources and
caused the worsening of the water quality. In the field of drinking water
treatment, new regulations on filtration, disinfection, and disinfection by-products
have generated considerable interest in the use of membrane process for particle
removal, for the removal of organic materials that may be precursors to
disinfection by-products, and for membrane disinfection.

Membrane process may offer solutions to some array of specific drinking water
problems. However., these membranes arce casily foulded by NOM than other
membrances (Ultrafiltration and Microfiltration). The concentration and type of
NOM presented in a raw water will influence the characteristics of the water
for a particular membrane. Therefore. the goal of pretreatment is to decrease
the amount of irreversible fouling and Increase the permeate flux.
Since the membrane fouling characteristics depends on the nature and the quality
of water source, it is very important to develop a membrane process suitable for
the water resources in Korea. In this study, applying coagulation process before

membrane filtration showed not only reducing membrane fouling, but also

- Vi —



improving the removal of dissolved organic materials that might otherwise not be
removed by the membrane alone. Also, rapid mixing using an in—line static mixer
was more effective than using backmixer. And, the majority (80 %) of dissolved
organic matter did not contribute to fouling, and the remaining 20 pcrcent is the
primary cause of fouling. The primary foulant of UF membrane is hydrophobic
substance, that can easily be removed by coagulation. The primary foulant of UF
membrane 1s  hydrophobic  substance, that can casily be removed by

coagulation.
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pressure), Yol F5F (pore size), #*F Hapek

Al AeEAel gl ARgS i HFejvre R Aol uwhel o
Osmosis, RO), thx=o] b (Nanofiltration, NF), gkelo] s (U

¥} (Microfiltration, MIF) 522 e 4= dr)

(MWCO)ell me} i3

Itrafiltration, UF),

Table 2.1 8.3k &

A A
A 2} H 4 o
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T AUtk

AHE (Reverse

4ol

2 #4 ol

FESrW 8 mechanism, W2 pore sizedr FE-abo] vpebul iz ok MEFeF UF+ A
715+ mechanism (sieve mechanism)oll els, {71 FA4W (ED)> o] &l gtol] o] &l
717} o) Fol 21y, Skt pore sizeys Table 2.10) vhebyE B9} o)k Table 2.100 A
ok 4= lizo] uhe] pore size’) TATFE S HA TS o 5 vk
Table 2.1 Technically relevant main membrane operation
Operating )
Membrane Mechanism Membrane ) .
. pressure . Pore size
operation of separation structure
(bar)
L . pressure .
Microfiltration ) Sieve Macropores 0.01 ~10 pm
(0.1-2.0)
L pressure . -
Ultrafiltraion , Sieve Mesopores 0.00170.01 g
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) . pressure Sieve+diffusion _ 4
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. pressure Diffusion 4
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(10-100) +si1ze exculsion )
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o] 714, J = %3 flux
ap = vt E¥A] bE s (N/m)
p=gel AAASF (N-s/m)

Ry = A%e we] £:¢13149 49 (1/m)

Ri = n7po} A1 &abap g5¢] vl o8k fouling A3 (1/m)

)
Vo= FA49 Eae] o
Co = SI#ke] WA

el o o wAY A4 =He ol EF3kE caked A golw o]

a+= l =4 -
Carman-Kozeny 21 (2 (2-4)& AFgcto] 2 (2-3)9 dlYgste - ez -3
ATt

t__eR,  apG
V. T AMEP QAL AP - e (2-3)



180(1 —¢)
Eopd, (2-4)

o] 7] A, ¢ = Cake? porosity

Py = CQX}'Q] [JE’]_}T-;
dp = ?ﬂ]X}Q] A ']g

2H2-1), 2(2-2), 2 (2-4)S Ae)shd ol Axp o] vjeldE 4 U}

APz flux7} #agtel whe}, cake F2 &3 8] F7hgel wel, particle?] 27

E AP B < 26 e R
o Hk fasitie AL o & Utk
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Fael d¥E o AW A el DOMe] 54, bulk &, W 2W o
ol Slthk. DOM®| 4ol ofs F el &3 5= Q1A4ii= hydrophobicity, charge

density, molecular weight?} 121 hulk |dA 23t FAJNAZ& pH, o)=L,

b e e §3le] dew viel 54 of§k Q1A hydrophobicity, %
st v el de wol vkt SR Ay

1. DOM hydrophobicity

|74 F71%2 hydrophohicityt XAD-8 o] &il8t =215 o]
Rom 2Fgde e SE AHAdor o] mwel FAd JEE Frh Juckerst
Clark (1994)3= (ulvic acid®t} humic acid7} Rup 3 F2#S 7w Schifer et al
(20000 fulvic acid2t} o] 2448 w5z humic acid7b ¥l 3} fluxs A7l
vbar &FAvt Nilson¥# DiGiano (1996)+> XAD-8 =X & o|&3te AF4 DOMF 3
4 DOMo 2 f-§pste] zhzb whitel st A A4 DOME NF membrane®| 3}
fluxd #HAaAlZvkar &gl

LU Lin ef al (20004 DAX-8 AR AFEAT A5l

»

polysulfone¥t& o] 838fe] A3t Ayl A PR 154 R

o

SR agis

o

o] B  flux %+
At vhERATEAL SRdvk crevl kel foulingS FEsleE ARE DOM AlA ke
A7 gk A44 HEol o 2 foulings /| @dXgt® I+4 FE9 rejection
Aol glrlar skt AWWA (2002) A+ & SUVA#S 7HA & NOMe] Hrh 4
S flux #AE Mol ;2 SUVACY #AstE 244 Y o] fouling2 © 23t

RIS S

2. DOM molecular weight and size

Molecular weight-> solubility ¢} hydrophobicityell 43S 7] 2k & Hxle] #7]
T o 2 EE) flux #AE 2 Lin et al (1999, 200000 A= B4 =719}
foulingel ¥t 112 3t A3 humic acid® hydrophobicityell 2l&f EHFsty Wz}
2717 2 Aol i flux FAE veludetar &9tk Habarou et al. (2001)2 3,500
Dalton®] 524 &ajs &3 Alol=d 57 dE W 54 A o ¥ =d2

wabyl Zauck o 2 fouling oF7dtha akivh Zrelub Carroll (20000 ute]

= e AEs M AR EANY st Aok (Clark, 1996). @2z &

_10_



b fouling e A& Ave] hAbel] els) opr¥lvkar shdvh 5, b A2 =179

neutral hydrophilic 3ol © # fouling & ¢l 2 7Iv}il 349

3. DOM Charge density

90 % oldel DOM2 F7|ikeln (-)datsE 7hdoh (Thurman 1985). MEF<F UF®
& filtration£°t (H)AsE 7pAL s1elBEi 8 7)E9 charge density?} Z7Fskd
DOM >} o Apefe] whubetol Z7pgbeh Althrt

A 7150 sERtel F ek s Ade fgarRlvh

%2 charge densityt= &3 E Z7)

4. Solution pH

DOM F Fw & A dejel A ()dsks 7k 2b2be] charge density =
golef pHoll 2l 482 wi=v}l Childress2t Elimelech (1996, 200002 & pH %
718kl Al NFeF RO<9] electrokinetic chargeel S48 A9 stich. 2tzte] pH7E sto}

A gdste] Av)7h gepdka g ol

DOM #x}¢] A&ty Carboxylate?t phenolic hydroxideo] 213k Rolw & pHol
A Y F ()dskE 7HAC (o)dste] vt (9)dske] humic B AR wbwre e Fab
&A@k g laps AbR ek F) sk pHol A Wt humic 249 (-)dskrk b
b wbdb e o 2 FAE WMl ol d dojyvlth Yoon et al (1998)+ pH 4
eb 10Akelo] NEY el =4 humic 2Fel 2ol i) A-radlad, 32 vf§-
w7 b2 pHel Al 7 = A vreRvbe pHaE 63 7 AFolell Al H A4S vrER SUTh
GEhe uhE pHell M= Hd7)d ghdbe o] A ol el =& pHolA = &
o] humic A3} ub Ew Apole] FhwAgS shis Ca”l o] Lo qle FabEh

5. Calcium Concentration

Ca’'e A5 Fol &3 ¢4 Edolv o2] 7}A mechanisme S U #UHQ
DOM & 2tol| ogsko] vty R s ol vt WA, Ca’ H7bd oef F71E o)l 27
Tin o W AV 01 FEE 4FF 4 don (et Favt v mvle] wua)
70 47 "ok F oA (DdEke] Ca’ o] €o] DOM #Apo| (1)HakE At A
olth. DOM?| () o] A4 Ayt 2 §lwes FaAlzin oF 3ol Faslels 4
S FAAC ARA, Ca” o] & DOM #k Afelol Al 1 AVIE F7bA7)GL |

38k A stHA ionic bridgeS AT 42 A b vpxvlo z Catl o] A H A

__11__



-m

2 el EFzbe A sk Wk DOMe (-)#A3F Aol ionic bridgeE ¥ A6
ootk

Jucker and Clark (1994)3= polysulfone®} polyacrylonitrile "F3 4 4 &of ¢lo] 4=
Aol humic 2} fulvie 2be] ool 0~179 mg/LZ Ca’ o] =2 HrbsteA <

of o] Fato] Zshylvkiz AL dgtew Fagh g2 vl A d humic =2 o ¢

Ao gyl L o5 Ca o] A7 ol&F ¢ "ot humic & EA
ofe] Ao g Fibo] Frhylvisl 3FITE Yoon et al. (1998) humic 4ol Z g
¥ ogolo] Ca’ FLE 0~80 mg/L= HEkAZ1W A H7kst Al Ca” o]2& NF 4
o FH& F7MAZvRE A @sk S 532 pH 6, 8ol ok S7bskal pH 4,

10014 57438 F7kekvli= 42 8Art Yoon et al (1998)2 humic 2kl & #o] 7
spdl o ube] flux7h FHa¥vhs shdeh Wl Cho et al. (20000& Ca™ H7F § of
WabelS w o Ca'l w8 flux BAa7F FrhebA ekl skl e Hong
7 Elimelech (1997)& & Ca™ ol A 2o foulinge] Z7hetrhal ahlvt,
6. Ionic Strength

e Ao A o] 2 E= vte] wyd DOME Fa& A4 Qlabetar 1 s
AATH o] 27 e W] olFF S ¢=dkal, DOM Ex7F wawd f5ste A
A EA Fao] dFe 7k &tk Kulovaara et al (1999)+= 715l o] 27
=7k DOMell e}k n)7}e

2o ool

=
i2
2
O

42 fouling® F7bstvla spsivh H3F 2 A
TS B o2 A humic B4 5919 hydration °]55S FUvtal st
2t Hong ¥ Elimelech (1997)3 Braghetta er al (1998)2 =& o745+ NF

membrane?| foulingS Z7FAz1v}ar &kqic)

7. Membrane Charge
U 2 el webAd dstE w A =He dbe] ks 9 oA o] 2 5hE 7]
S7lell o#) Frh¥ith dlE o] carboxylic 2ol 7S TE 7}

o o]>std uwl (-)dsE 7FAAL amine 715 71E 7R Yol WS (1)AEE 7HA

o,
I=|
-
bel

Al = (Cheryan, 1998). o]l<-2txl+= 71577 9l 9ol ®W ®gh sk &<t
Asts wA e wrel EWelA ol 3Es Vs vlE EIshA] Fe

polyethersulfone A &9l =2 (-)AsE HA HAr} (Causserand et ol 1994). o) F-+
A

of &F4 FVIEMOM)S (-)HsE uar gov Ay el wkwrd oz o 7}a)

il

_12_



A () AstE oiz 2kl DOM2] F2he doj A whe] foulingol #1A] Yot

8. Membrane Hydrophobicity

o] hydrophobicity & 71582 22 o] flux daol Aol 2 FENAFEH
Lainé et al. (1989)3= polysulfonee]t} polyacrylonitrile “Fx.t}  zl4=
regenerated cellulose™ S A8 Al foulingo] & A dojvitia skl A (2002) & 4]
S el wol wlske] 344 Ade] wrol H-at fluxsh Al A s dvkar st
ek w3 Juckeret Clark (1994)e] €1 Fo) A= humic 2F3 fulvic 4ol &2 &

polyacrylonitrile ¥t} polysulfone ®rell A ]z} 3Fdc}.

9. Membrane Surface Morphology
vbomde] ARV #ZRolrel v W Atolo] A I HEH3 48 FUHAVIW

Al Fiol=o] fouling &S 73}siu}

F

10. MF membrane fouling and flux decline

MIrete] flux FHas= NFZ 52 UFYe] nlste] dizfel 4 AzbsbA s
Aol igolt, MF qte] 4%, g 4AAAE fiete] AbEsty] wfi-o cakedoll ¢
st uto Qo] ubAol Xyt vkl A b2 5 RS o 3 ol gel  FH2 F
=+ 18l (pore blocking)@ o] 9ol foulingS A ZFatAl WA A 717l % 3o} MF e
fouling & flux T4 Ae] gk o] #& NF, RO Uy 8 vluwd Ao s
A Al Elof 2l Tt (Belfort et al., 1994). Bl w =) & AN vlo] & dxhet & FAH

DAL Aol MF uhe| 2e] 5 AAdAAE oleld gdo] 7zt EgA

Ll

& Al
L &2 Ao EAE A9$-9] fouing A flux A 3t ol E R 7] E 9]
welolA 2 AelHeo] grhKuberkar and Davis, 2000; o and Zydney, 2000).
Kuberkar and Davis(20000] <1tol] efstdl & sia(daAel el 44, geaid
27 v B Ho] caked S @A 2

o o] &= 93 (pore blocking)@ 4 238 ZoF+= 348 7 4 drfaL s
gow olz|sk AetS secondary membranee] kil At F, AFA g Aol MF
vrol A&l A9 s futets 2 4ok NOMeol gAlel & wf &= =g

o

of °lgh fouling &= ilié‘]r‘é‘}ﬂ glated olelst o] & AET # A& Ao V]

r

et
o
o
=2
rr
N
hnd
flo
o
N
=
ot
3
i
N
2L
-
1z
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2.1.7 4 UF 92 349 54
go vhre WAYw ol fali e ¥ bR RAl wAHeA ol Foldul,
bopal e A S ) Abgst

gejol H44 B melshd wobn A§R F RS sl s HRe

o
I
a2
)
-Q)h
o
jelal
N
A
o~
YO
-
2o
™
==
e
2]

Fogrlew wie] A%E FAA7IA oA £ FAE BHoR sk
Aotk &3e dulolat vl A wbAe =gishd ol Ak A7) Frhate]
a4 9l &
or v HnE SR 5 ol
ol visA &E Fr1E AAR FEAE 5 el a5
Yok (DBP)e] WAt ARD humic Aol AAL Zhgsich &3 dAelz Fab EY
22 gAANTE A, 2 Alemye vEel Al kRS & S Ak (Wiesner et al.,
1996).

AA, A7) 2AA wrbe A e s devis & {718 (DOM)E & el ©

o wal g ool g FakE a7 datelth
A, 277E 2 el gAsol vl caked ol Wl Aol thashy] wji-ol vt
“rejuk gixpel Azl 9ol Alelael iAol wIAG e & o4 Ad=dl S A

5o gye 4o BEol gAgiel W B0 ASA HW, zUAHel Frhal 034

th Aolzel §hE el =,

A, SR clstel Qasl A/ AQA AR HEA FASER, Ede
QIAp7E woliz WG] sty wielvh A Uxsk olriz
2 owel A A ols) 44 A AR

71l -3 gARANM e A A0l F& F5E Adolof AYAs S

o WA 2L oplEE JWAoR YA FYLSS AxAA F A =
el B4 HRE Rt A4 BAe AV wgsoe ezl H45)

(Vickers et al., 1995).
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2.18 v 49 4AA4

A vhEu s A AR R e e kel wheto] A &sal flon] X8
axp sk grlel S uhub vrel Fir, Al A A &xF po] whebA Al frh w
chA vhbe] e o] A ole] ZRA vhkd @ Abel elsto] A E A wlvh o] gt
Htel sl A dwbdon MAAHl R £ - FA8E (0&M, Operation

d Maintenance) &% ol A}, zhzhol wl gofl tisto] Ao m dHry A
Algol 1= FAR], A REA] v oAl 2] v A X6 7F EekE T O&MS Ed, 5O
Al elvd 2], vt wA N wEa Aedl g, Ve EE ol ERbEe] A Mol
(Suratt, 1991). webA A 7o) A9 AR A9 AxAqe] 271 5 B
arfapslol kool Hekek FAlA 7L o] ol A A Flrh

Durham (1997)2 ROFAHolA AxzlFdo s MFE4e A& & oF 30~40 %2
njgo] AxgEs _-516]- v}, Pickering ¢t Wiesner (1993)2] <-itofjA] vl 8- dho] 14
Aol elsto] bEu)is F3} fluxel °ste] ZAQEdEd 2000 mY/dayel AR &%
oM UFek MFe 2% Al Aaadol wlste] Aol Aot 20,000
m"/day 2] &ukol A1z MFell wlste] UFe| 25 A A#e] dojzlvia B usteirt,

Jacangelo et al. (1992) 19 43bgko] 400, 4,000, 20,000 m'/day$l 3 744 &
of UF&Axt thekst Aefr AelgAdate] n&grts AAgded 493 345
Aakstiz Al A FA e nlste] UFg4e] 24 Hrp @& vl o] =rhal Barsisict
bt Helgk 3 7R §#E& o]&ste] HAHYFHoR PAC (powdered activate
carbon) T4 A&3 A4S Aeha w4 nlate] 4000 m*/day7hA A Aol drt
a1 3 sEE T (Jacangelo ef al., 1994).

Wiesner et al. (1994)2] <ol A+ =2 Delta’d#t Avirhe] OttawaZdol
of UFek NFoll gk A &S FAsta] vhehfi el 18900 =/ &7k 7]

o] Aagg-Ao vty AA A Row Mriyo] HuFAdck I 8] gy Fdof

A Sl dER A719 #8A4S Awaded Hat 01 m 718 A flux S

VL‘

L)
R

oL

!
-

kA bt elg A e] AAAd gk AAu g & - FA0E, A 54 % oo
3t Wl olate] AAEINE o 4 vk oo wel A AFAE oo A
A1 gl H S H 7R A2 Table 2.200 #HAlaA vhERUIQL T

J...
[\.4

4
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Table 2.2 Typical operation parameters for membrane process in water treatment
(1. Cote (1995), 2. Jacangelo et al. (1999), 3. Wiesner et al. (1994), 4. Nystorm et
al. (199a), o. Clair et al. (1997), 6. Ericsson et al. (1996), 7. Odegaard and
Thorsen (1989), & Hagmeyer et al. (1996), 9. Pickering and Wiesner (1993), 10.
Chellam et al. (1998), 11. Sethi and Wiesner (1995))

Total
Flux Operating Permeability Recovery Capacity
Process ) ) Cost )
(L/m*/h) pressure (L/m*/h/bar) (%) ‘ 4 (m"/d)
(US$/m”)
5 2,000~
Convention” - - - 0.15-0.85  380-17,000
10,000
Conventional
= Oy + - - - - 0.55-1.15  380-17,000
GAC”
0.10-0.11
L610) 68-170 0.30-2.1 8,700
ME™" 60-250 90-98  0.21-0.49
100-1000  0.20~-2.0 4,800
0.03-0.27
0.20-0.45
SN 68-170 05-2.1 ) 380-17,000
UF™™ 60-250 90-98  0.10-0.20
50-200 1.0-5.0 2,830-55,200
0.04-0.14
25-34 0.30-0.85
- 5.2-86 ~
NI 20-50 020 5-10 75-95  0.34-096 380-17,000
10-100 v 0.16-0.53
Low

12-25 10.3-103
pressure <
ROV 10-50 20-80

ol

50-80 0.23-0.92
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SHE T de g E Qs SHAlel wste] W E Folste] EehA
stel AE S A S AA A F2 it HAEHA (precipitation)ol] o] &5
qoRrlE A AAV g er olfoARE stedl AMEE L vk olUlsh &3
FAL QIAES HerAst A7 98 G55 HA (coagulation) T} floc®] A7 E

Z71A 7171 913 b4 &35 4 (flocculation)o] Al 35 E3ke] 542 345 A

- AAE ARE el de] JakA
ol HH5E sz vlg Fagk whAlolth, ofiz dFE v wA AL FEA Fleol HW
bl bRtz 1o & olule] o] FojA ZkE bt A Eo] FAE
¥o7baeie] AR FRol Al FabEe] VAl BotgstE ooy
ojth. webAl Al(Iol ot F7)1Ede] & the mechanism ANID Sl 7h 34
o} Eejwel A, el HEFMEZ ANOH)x HHE el Azt we} z45-%
t}. %, 239 mechanism¥ o]o] A& x) = HFS-S AN 7FEEHE 2 kinetics
of ola] T #Ag-Erh s WA G e SHAE FHoE stef AN

7harttaleh Al el shebA 543§l SHEA iske] L EEdvh

FaE A7) SE Ao g3

e

=

221 AAF71E29 2% mechanism

FHDOCY e A SIS FRolme v AEd i}olﬂ Atk olel wupef

R =2 FAFTI=Eel & AolHS Table 233 2ol @okd 4 St

H - = !
Fig 225 F2olry lztel AA 7184 &Hel #AS vephulizel o71M vebd
vpeb ol FeAfrlEAdel e A g ==

el walatg e AR A4y BAL A
|

ole]gh &FY FrledL WrEel AdTe pH =44 dolM SoldEs
glon go]lee WatE FE carboxylit phenolicst T #8715 7MA 5 pll
of wpe} o]edst #Evle] HErt o) F It wetA FEol A pHIF FUREel whel 2
7)ol ALda et W <bAdst AdElR ey goe) dstrt Frhske Ao

s uvpEpvhcl o)eb 3hRSke] Narkis®t Rebhun (1977)F #71=4 & Aol 42
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fulvic acid®} 4 5-7} n] w#

o 5 RLsked vl

Table 2.3 Comparison of

substances

=)

Bzleko] # humic acid Rt} 7+t

el AekE w4

alum coagulation dilute clay suspensions and humic

Dilute clay suspension

Optimum coagulation pH 6.5-75

Independence of pH on minimal residual turbidity

Increase in clay concentration results in the decrease in coagulant dose

Coagulant dosage, optimum pH depend on the presence of humic substance

Humic substances

Optimum coagulation pH 5-6

Dependence of pH on minimal residual TOC

Increase in TOC results in the decrease in coagulant dose

Coagulant dosage, optimum pH are independent on the presence of clay

v

Particle

Destabilization

Raw water

Organic [—»

4

!

Coagulation

!

Transformation
(organic » particle)

\ 4

Flocculation

3

Fig. 2.2. Particle and Organic matters coagulation and removal.
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olul gk F7] =2 Al 7o) WHF mechanisme G5 eje] Fd20S A
Foatrh Al gl delA FriEe] Al whgh F A o] 7hA
o AlA mechanismo] g8t of® Ao FrlE AVl oAM= FleE AlA
mechanisme] M g7 gtrh o2l frlwe] AlV|el st 27pA)e

mechanism-S Ay W o83 4o

1) Precipitation of Metal-Humic Substance Complexes
“Z WS 84 (Precipitation)” o] gt g Abo A R 7ped Yrpdo s EA sl A

v wrah % A5

’

Al SHol ool AABFAI SHolel F&ol e

=
HAF7IEde] &84 ARORZRE 1@ Eo] dAdx s A4S W)l Jol 4 st
S ux Qe #7] ligande el #AsE oo sz Al ZFewsE e dsk dA
7140 wbgoll o8t} A shetE (complexation)e] @A xlo] S-ert Sk W H A
wol dAZ o]t metal-humate #8}g& Aol °lgt FdE & kst
HE(AIOH) )8 AR 1] we pHell A o] o] 2l Dempsey et al.(1984)0]
olgk At Aute] ey Fahg A Fob dojuvh A FA whEe] oo gAw

QIAbss S Aok HAE @EA got olstel ofs AA" 4 edvky s o
2 FYE A Sl Ao Froluy AdeM Fgoygel A Yy

A0zt A SR = #HA 7l A79] floco.ih &7 ¥l

2) Adsoption of humic Substances onto Solid Hydroxide Precipitates

pH7E =7k ARE el Al F9iake] Bs 49 ANOH)x 7t weol A xo &
=4 #71& 2ol [Al-humate] #313FE°] ANOHs@ET A 45 Fato] dofdr}
Dempsey (1989)2] < tell A ANOH)yy XAl A fulvie acid®l & 22 Al-fulvic acid

Atstzts A el whg Tk 16uiuE dstsl el &l {FrlE A E s

S ok &3 dtuFoel A A pH WAAA JH Fosd A&erti g

~

Aoz QoA A AAF7IEde & HAUSF F Al-humate 3 AE
e pll 4~6"891, AlOH)ys Eolel F 22 pH>7.0% x7elA F== dojrfr}
Fig. 23.9 o] Al(ID)el <% {7182 &l tiste] 7hae] 2Az} o]o) up&
F71Eel Fae] ool HEAHomeE vHHAGH] nEFH =] AlOH)s Fd e

+

frolEe] FromA 7l &fe] ol Folda & 4= vk o714 monomeric Al
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()& =4 polymeric ANMD-E2 7] &2 69b32 8320 AIOH)yy HAE vk

Al o] Fo{xm ofel mhel ANI-F-71& o] Fshehael uhir A dEe] Fdy v,

rle

3 olir Rl AlOMsw AdEdel Faeol ofsrold 4 vk 53] A 3
TOCe| Zdrde Z9d d4dx= Al-humic e Al o&) 77t &ol s

Z floco iz HAE7) o]} olujak A9 ANOM(s)ol €dh &2 5 sweep floc
AAfrledel AAZE G849 Aol

f=4

—— [HA + Monomeric Alj(sy —

+  [HA + Polymeric Al] 5

Huu,lzzs Adsorption
Humics ., or interaction

. ~1 sec \\

AN \
N, \\
\

oH- O OH - .
Al* + H20 ——>Al-Monomers —— Al- Polymers*» AI(OH) o)
<107*sec <1 sec lesec
e.g. AI(OH) * e.g. Alz(OH):
AIOH-" Als (OH) %

IFig. 2.3. Mechanisms for alum coagulation of humic substances (Dempsey, 1989)

Edzwald®t Van Benschoten (1990)¢] -2 e w9 w7184 539 4
 colloid dxbd =42 Ml dfA=Z vbe pIl HelelA o £&H o= o] 5o
A SHARZA alum¥ PACIS AH8E 4% pH7F 55 B2 AM:= 0.3 mg Al/mg
DOC, pH7} 7 Bol A= 1 mg Al/mg DOC7E AL Ftta stddct welA #7189
A71E 3t SHAA dAAMY mechanisme AskFd 2 F2 IZE]I sweep
Coagulationoﬂ o]gl 1449 thAlo] 2]sflo] o] Fof 2|, f

= 5]

F718 A A+ pHel
olaf F&45Fte] slEFRrHo g dojyhd U

1
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2.2.2 Enhanced coagulation

Mk BPATE 1979%1 &89l Al THMse] 271228 01 mg/LE A3kl om,
2000 @7A o= 0.08 meg/L, 2002x19l:= 0.04 mg/lLs AstE el eyl v EPA
17 THMs ¥%F ofue} HAAs (Taloacetic Acid) [monobromoacetic acid, dibromoacetic
acid, monochloroacetic acid, dichloroacetic acid, trichloroacetic acidlol 3] 4] iz 2000
el iz 0.06 mg/l., 2002x 3= 0.03 mg/LL22 Zshs] ot (USEPA, 2002). & -2jvt
chel i TIMsel tigh 7lexls wSshdl oo gol gle dgelvh 12
THMs o]e]e] HAAsF TOX ol #dh i iba-ol Ao gk 7= 719 gl
Aoltt iy EPA THMs HAAsl gk 71&A wbsr] Aol A ef 284
enhanced coagulation, 2.7, GAC, W& Ao 2 TOC, THMs, HAAs] tfsk <
F3838t o1 enhanced coagulationS o] #]18F A% NAEE-2 (DBPs)e] # o 3
FAEANZY = A 7§23 1% (BAT, Best Available Technology)i }
v} olo] uwhel 19981 USEPAY: stage 1, Disinfection Bv—-Products Rule (DBPR)%
Eakol AefA Aol diste]l DBPs AAME Alolsty] gk WM o2 enhanced

coagulation AFES E3ke] NOMe| A7 AeFg A= g st dul o] F4e

rilm

oo r
Ne
il

i

2
0
22

F8 B HEY SUA SFAUNM T Ae] F Agslol gort A ¢
el £4e Bate] ABNAR WEH A NOM AAd o] 44 5 Jws @

o]t} (USEPA, 1994).

Enhanced coagulation?] &3t DBPel A-FEAH S =78 HAoli TOCE °]#
gt AGEAE LE S AR R AREE o] AL Enhanced coagulation®] 7l S NOM
of AANE F7FA7IHA ZHAR B AAE FAA7= Folth o]ejdk 7 sbA ¢
SAE FAst] fste] OsHAe dd, D&HEA FHE, O&H pHE WHIEske
urobS Ab838lo]) enhanced coagulation?] #-82 2 wAl2 AGsT) Step 12> #H A
of FAoAl AtEu Ao A=} TOC#H S ©]83ke] Table 24014 #| 7] 8 of
3li= TOC %9 Highs AAgo 18l step 275 T step 1o 23F H X A7
w2l TOCE A7st717F A& ool d5-od 484k F jar test® &l
alumeltb 29 S3AE Abgetol o] el whe 53 pHEE (Table 2.5) v
# pHE vr3E7] #8ked alum 10 mg/L (24 S A9l 49 22 2akel 3, Table
2609 S¥AE T/ FYsh o e &% pHE minimum pHEFR st&d ol& &
4ol dzbe e wel vpEoh agste] TOC AA &do uig Ansgs S 3
o] 10 mg A FA#HG 03 mg TOCOI S AAASA] HE3t wiztz] Hojz2 7904
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o

dAgs g

o

Ao = 2AH SHAGow AHs % residual TOC U
alum dosage?] 1@ E 192
o] ¥ iz HelAMel A FAHs HASHA Fddo A8 Aeojrh o &
Point of Diminishing Returns(PODR)®} ¢} 3} oL,
gt TOC A 7)ol whEajof sy}

olw] A ¥ TOC7} step 1oA] I~

Table 2.4 Required removal of TOC by enhanced coagulation reguirements

TOC removal-percent
TOC i ..
Source water alkalinity
n.]g /L e e
0~60 mg/L >60~120 mg/L >120 mg/L
=2.0 No action No action No action
>2.0~4.0 40 30 20
>4.0~8.0 45 35 25
>80 50 40 30

Table 2.5 Enhanced Coagulation minimum pH

Alkalinity .
o Minimum pH
(mg/L as CaCOs)

0-60 55
>60-120 6.3
>120-240 7.0

>240 7.5
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Table 2.6 Coagulants dosce equivalents

Molecular Coagulant dose Point of diminishing

Coagulant weight equivalents returns
g/mol mg/L. mg/mg
Al(504)s - 14110 594.36 10.0 0.030
AL(SO)3 - 18H-O 666.42 1 11.2 0.027
IFeCl; - 6H20 270.30 9.1 0.033
FeCly 162.21 h5 0.055

Bl step 201 OlatlE A4 gHA Flwe AAsA Lade A9 AP A

-2 enhanced coagulation®] o] 5-% 488 HARA ¥} ¥} stage 1 DBPR
e e 6 7tA VFES HAstel 1 7)1 e 2EF3 S enhanced

2
coagulationo] $1°] M & AT S YuE St F,

i

~
iog
-

1. 994:¢] TOC7} 2.0 mg C/Lol &}

A2 TOC7} 2.0 mg C/Lo)3

3. 9972l TOC7} 4.0 mg C/Lolsto]l i, &4z =7k 60 mg/L as CaCOs0] o)1,
442l TTHM# HAAs9l %7 ZF7F 40 ue/1.9} 30 pg/loletd w)

4. 45 2] TTHM# HAAs®l 5%7F 242F 40 pe/1oF 30 pg/Lelabo]aL

R Eabd S .’cixﬂﬂ v AlEd TFREE A

Adeldel 42 SUVA ghe] 20 IL/mg - m ' o]8t¢) o

6. A4l SUVA %ol 20 L/mg - m ' ©]3tel o

0o

o
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N

o2

o] 43 2+ enhanced coagulationell 2% TOC #7144 9]

obshm b 2,

A %ol

ok ol E =

NOMe| 553 TOC gho= »t3 3 EA¥m, TOCi= THMs® HAAs 22

A el RS A4
NOM= AIMDEA= Fe(lD &Aoo sked Al A 7F g-o]sfrk.
NOM &l &8 &4 pHel els) 27 =55l

A7 g3 ple A5l orbelel = #9-7vh

. TOC s%x7b F7hea5 TOC(%) Al717F dup o §o]sfrt
. SUVAgEe]l &% TOC0)A 717} ®up v &o]strh
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2.2.3 Humic substance A7 9& 2l A}

Sl 28k humic substance 7ol J3kg A= QxR FriE A4
SHA T/, 8 pH, wrsd W o sAsn o] ot
1. F71&9 34

humic acid?} fulvic acidel W-#p=ky} @daprlce] xpolo ofs] A4 &34 F=4 =
o] ztzb wrepAlth w53 Hwo fulvic acid¥t humic acidel s A
Bahcock 9FSinger (1977)2] ¥ arell o]shH Al A8 80 %ol wxtstr] €3 (ulvic acid
o] A FAF humic acidel 2> A& wgdshi-d A T 20 4

vogrsel Wb ek,

o
AubAon $HAY Bhl EAshH: QB AL B4R AA AR G
doshelsne pyvold seterEelth Ansel A9, $HAG WHE 0ARA

A (NOM)E psolzivh wpebA &8 S dsts wa s 29ddse ¢t
SHAet st o Fo e AA N FAA st AAS: Y-S AA
gajolvh A g Aol Abg &0l SR TR Ve e 7l

mpep o QdRbA o vk

ﬁI
N
2
1}0
3
~
=
3
]
=}
IS
[1}e]
=
o
o)
<
o
X
—<
>
Lt
i~
Shid
b
2
oo
o
2

(polymeric coagulant)® vk vHEAF S A THE= dFviEA SHAL F
Abekulw  (aluminium  sulfate, Al(SOps - XILO)2E ddA @A dslAjel
(ferric chloride, FeCls + 6H20), 3414 HE( ferrous chloride, FeCly), #H4k:
(ferric sulfate, Fea(SOu)y), 2D 3 (ferrous sulfate, FeSOs)%5°] vk whdo)] xn
A SRAR: d¥ErsAd $EAR EHudsdFiuiE  (polyaluminum  chloride,
PACD, %2132LFvlH (PAS, polyaluminum sulfate)?t ZE4 49 %893}
d (PFC, polyferric chloride)del ghvl. @ Al A oz bt at dshao] dol
7Hd % WAl AR8Eo =) 5 glvt

A 7718 AAN ddFS v A & oJyd AHrh Foldl 59 #7]
ol ds vHg gEE A 98 ¢ AgEe A BRE SPAMe
NOM & Al Ask=ul = Abgsloj vt B Al7sted ol Hl2gh Ses AYal
Qi SAlEelet FA et NOME Al A sk e#oll adofAl= tha Apol& Helth

ojo
o

Lo

|
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5, B Al E82 vlEe 35 A iAo A Frledes Al
ahizdl ol A s Fol A Fejw R W Holvk frlE AlATH S Aua vk
Ehle o} fF71= Al FulelA vlEel R Alek A7 & Sel A wlagk 14tk
ks slsh %] kvl Dempsey et af, (1984, 1985)& A A3 pHA oA, 53] pH7}
5.50)8koll A 22 plI7} 7o) 4ol A1 PACIo] alumid v} o & 8o Hojvprpar A28 4
Ak Leprince et al. (1984)& pil 5-80l 4 PACI¥ FeCly@lel wlite] glo] ofuf gt
oA B Y ue pHell M frl=Ee] Al
ZA7F arlvkal ek AEE wiglvh S Al viate] Slof &S Fi 84 pH

of mx o ib&ol ol HAE A S o, Al ol EAsh: 714

kol e sk FEvksL Fvh
ol 2, Al EEE (stock solution)®] & Feo] Urk

el f71E A A ol #HA pHe dwbdos 5-6HS] o gom i #H
Ad B v e e s Ak AN At olshd 2 AAEE KHelHAl 7
wre S-3Al = uks Moli= pHs= 594 6AFelch Albert (1975)° 8 alum&
A2 3 humic acid®] S-3F o] ZHito] glo} Al AA pH W= 5-60]t}. o)l&% At
Z R ol o humic acidel ¢F 15 %7F AA sl A x] kok) o] Ade) A}
£51o] W humic substance W&ol  1000-3000 MWelil A slof x| x| ok
humic acid®] ¥2bek2 A2l 1000 MWe] w9l At A @A 45 4
pHH 9] 7= 3-6%1t] o] Aol vl AL He A7 0L o S #Ha vk
AR o} (Black er al, 1963). pl1e] G &2 vlg2o & 74 Ao o] =2 444
o AgshA flch

A WHAE fFrlEde] grted sl a5 Theas] S5 Aol FAfolo] v
gola T Rl 5 b Rs FEo diEl foleAe] §Hsket gAY o2
kel whgolth wE Y FrlEate whgel olgk HxlE Y B2 SHAEE =2
grehy, SL AR a8
H hriE EER dad o AAHS ZEEA v HdE AdE e
Al fU1E A Eg Sl o] FX 9ok whek pHYE molgel we} =
4ol 22 Ao NOMELE A4S 2t37 w0 &4d8 u= g4o]do] 4
delvk c1g]a pH7E & o mobddl uwheh o AbskEo] M AlE Al Hw oojuf,
g Faell ol sk ulzhv]FrTh o FAkst e o[ g w7ty o Wstyol Wl pH

=)
~—

E)
w

‘\N'
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b o wobdlel wek NOME ©8% W &k WAl Sv gl e FEe
9 ogpdetE mAl N3 webd FEwgel ofAm qe o we $[A LTS

g a i skA Al

4. Mixing 93}

Wk 5o ghS it &tk NOM AlAC fa&s 7140tk kel 2ol

YAy F718A A GPe Foawe dEaRe s 53 A%FE MAIE
9 Ae ciefalul. @4 Fadmel o g Mo Eel AuAel A% 8F4 NOM A
At Fgaighel e Wil FHMWE FE AERAEEe] W4v dehuno
AHe £ Aol 85 i AN FARA A FAE AAE Ao ol

Aup elgbon gatshl FHslelal et fleh foldel we pHA A 3
Aws GA o BAR S A A Agke] Al

of ol elaf F71% AA7F 71e st (Bowie er al. 1977).

G, Ao i Qi f71%d 9ol e F71%7, 27F Fole, sulfate, 27

gu He Adom qAqoz dstsicu ol AES f/18A $YAA
of Ao 71Tk WE @e el NOME g Al/e) 8 Eel A= 4 pHE
Avl ggAl Felwel AwAor @ AAtkn WSty Uk GEi YwAO

= NOMe| Al & G2 724 ot ool S3A a-vds S/t
T oA 9tk (Edwaeds and Amirtharajah, 1985). 27} ol2& #71&E29 &4
A2 rlel dIrgdo s NOMe A A aquoj«s $AA FdzFS A7

(Randtke and Jepsen, 1981). dwtA o 271 o] L-& A 7]d Fx}2¢l pHH A E 4l

rO

sl apdlel s SUA FYFL IR Sk 2 ol Rz obvhE G shgitel
FEE AsEES 4D K18 F80) 27 Foledt Aague Py o

i-olth. Bernhardt et af, (1986) o 9|3lWH ZHFZREH Helvodgd UL F71E2d1

el gl ol AHe v FR9 qAL duby drh Sulfatets Hwol S

= el @71E Ak era pHE
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ff stetekirel awmle] Srbm glel A s oA wlvh dvbelmel yRA o,

U5 $EA Qi wae Aol @8 R 33 pllE £as el
AeFel ABeE U e Ae Pl Felstel fluwel 2y gHA B 9

stiehe 44 plIs #4% + vk oelst Uy wow i

L—= w %QX_‘]{:‘_ ‘Jlél—é‘]
zdskel A4 plIE Wik ol¢d 4% 4% FAdo s 44 $PA FAYL

A4 pHoll A vk wbgk {v1a A7l dast A ¢S vlFor dEEo

A4 vk Joseph (1986)¢] A-rA el ejshil =79l Abel F=dAl Fo)% TOC

ol o mittl aisloldi: $HAYE BN F Ark ek FAe|eol ol
oabe] 2 SHATE ARANUGE TOCAASE FAaAE A7t drk
o)i: ol o] Mozt PN} FAAL 2Fn Aun HuetE Fiks

FREe] AEs 7HESAZIZ] ol tiefu qbe] el whE TOC AlA &R

oola wAshs weAY, Aol G Wik BE, Mgl @4

o
-
-
w
hand
olo
i)
=

$oRH F swe el @adel oA #AAUZ wob Avt

(Randtke et al, 1994).

6. &%

2t APAOR FARAAN JFL FAE LA A FAYH YA
A A R EEe] Ruls A4pHS el YR Frh wEd ALY A5 §
A% ARG Tgol Hi AN AF FAY FARE ok Ak uhER AHQ
A9 we AESE ALt S HUge NOMel e Fud ziel FAW @4
of vl #Al, BE BAl ol SAE AA Ak oled LAl B fage] Y
wo)3 e oA THMS| & Mg &3 dasl el /42 ds) THM %
o NEA ol Bon T w oMl Hrh f71%d AAE $7 AAAE -

qe oju] PEEelUry We FAURE S0 detn udz u Be edxe

]
ofelws A4 Hvh wlE THM g4l 7Hd vh2 oM 7 stoa srfete

o

i)
[l
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2.3 9% <3 (Rapid mixing)

Rapid mixing 37 flash mixing® (locculation &4l o SHAE =3
zhsbis 94 ol w3 gFAdEtA EAAIA Fo RN YAEE AfAAH B4
slabizdl AFEE %] Ee o] mixingolth &S b e sted <l
A rapid mixing®] =2 532 Al precipitate?t @4 5 7] ol e F o dAE
WGBS AD Eatel AR Aol el A Fol dolu s wresty] flsl A

[s]
A e AE Mz st A s akA 7= Aol Precipitation ]l el Al 7}
Tl gl whE FAabe FEe] dAtE Atolel SR AVE mEA By oA

el Rapid mixing &8> 5759 §HA v, SHA T, d4AAEE

AR Ay BYE ew gl o)A AL sulent flow condition®} 72
factorol 2]3lo] o &8 wk=t},

Rapid mixing<> F 38 flocculation 2} o] Alzolv} - AE H7iswd A 1A}
T Eh A4y Ral we o] mixingS W E aggregation® %
grl. ]) A2l disaggregation aggregate’t Abgtoll Wl of & FasiAvl nw

2 & e aggregate?] steady-state size distributione rapid mixing A& uF 2

844 %¥ suspensiong HA 3 Alzivtn sk (AWWA Research Foundation,

o

1991). v 2o] V¥ o #Est & Jiola] mixingS &y AL e 3o 48
o] el & F o4 Aubar o} kst 3 H oaggregateis T o] 3FeA
2] 4 Aol Wefo] Al7bo] Ao whul tpA] A A s vlg Aol Py uf i

ol e},

2.3.1 In-line A A & 3}7](static mixer)Z o] &3 F£53
In-line 4AE2A00 A5 550l olg WA Ao AsRe) Fo T
o=t 001~01 & ool wkgo] oo f}# ApEY] V125 T 1bE Ao

th (O'Melia, 1972). In-line A E3}7|+= GHEES FLsHA Ao Al&s
. :

pal 2) 5
in~line 44 &3}7] (static mixer)+ H&4854 ATl HAs FF571 AFT=H
il ukal o7 o] 838 4= ke 7hA 2 A AHo] Qo) AR oHE Ar|Ear 9l

thoIn-line £31719] A9 3w el vhi w4 47 g 29wl H9g 9

aoEge el sl s 0w glsto]l bl T8 plug-flow S4S EF v 444
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3t 4= 9ttt Wb backmixer £3H7] ulFelM el FA AR AF AlZtHh ¢
ab oyRelshiy Egka e E o aA Wk 44 ety b b ulfe] fAle] sEv

& 1+ R M 4% T3HFI (element) 0. tAES 9tk 2+ clementi
VLAY GtxER R Ee] 9low FoAM FAo ZEeo] WAt u elementis A 2]
e ekl vbAl A gAY ks v b W42l clementoll A RSk

H
fralel & el s Fig. 24260 Al vERA QAT

Fig. 2.4. Schematic of fluid stream at in—line static mixer.

44871 Weld A elementel FYFow smuld urh wdd A
(homogencous) = ¥ o] 2t Mutsakis®} Rader, 1986). ©]213F A A4 =371 elementss

radial £ A5SAZ BU ohe UF X BARES wr} Ax idsHl

e

o 7)o Wl micromixings  FAA A ®vHBourne®t Marie, 1991). o] 2]

ml(r()ml‘(mg%:j Al &3 Al AID 2] 7143 ¥b-Zof L od 3k vl ANID

<

-

e wee £% EE BUAL wead % delun, webd 1yAs)
backmixeroll A1 2] ¥FL-& “transport limitation”e] %o 7F5R3E1 whgol] B A slc)ar
AzbEich weba] w2 wabA 7F micromixing $H4 S =4 8k: dlell = in-line A 4

S 37 7F AN 7F5sl k8o vl #Hekslular 3 4271 Q)
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2.3.2 Backmixers o] &3 44553}
TARE Al ARgE A5G Qi i

e

3} A A 231 (1) backmixer reactor (2)

in-line blender (3) hvdraulic mixing (4) diffuser®t injector device (5) motionless

static mixer 5ol vk FA TN rHFEE FH e b REAR] Hu
backmixer WS- Folt}.

A b dwkdog AbgsEy abERAS A8 3 HERAA Z2 Campst
Stein (1943)¢] £ A AR G-value®l /Nyl & awnkell A3k 7| A4l w85 A48t
Hl ARE o A ghvh AL, G b Aol mhel grel Wishria bz adle]
14¢l #8le] g&Fe Myslr)i offul el A Campot Stein (1943)2 Ht Gabe
Abgeh AL Skl TrEe S AL grol Al s Felulss ouAl f
yhiglo] Qluvhar &to] i Ab GE vhgat #ol fieskoltt

1
G=-2 _( Ly ﬁ
P (2-6)
A7NAM, G = HitEH=4Ab (sec )
P=%4 (N-m-s")
Vo= - (m)
= FAe 4 (N-sem D)
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3.1 A5se] FAKA ¥4

2

woAgel ASR A5 dwdoR f71% BEb B AR e

L

(RO, Ilydronautics, ESNA-2540)2 o] &8l g4y 23 w345 o) &3)

SIth Table 3.1<% el Abgsl 27H4 &2 o9 2 548 el ol
thevd gl &5 e e A s 2Abeks] flstke] i d e el JdEFe A

o]
sal7] glakol A4 AH F 1ym filtler ol &3] YAAETAL AAH T AR

Table 3.1 Characteristics of raw water

Item Unit Nakdong river water Concentrated water
Temp. T 13~22 18~20
pll - 74~78 7.2
UV em ! 0.041~0.072 0.12
TOC mg/L 2.5~34 45
SUVA m '/mg/L 1.64~2.1 2.7
Alkalinity mg/L as CaCOs 35~4hH 45750

32 479 {71E A4E B+

M

BogydE AR/ ES (NOMIS 454

el
oﬁ

# ¢l humic substance$t

i

—}r‘
##9l nonhumic substance® 2|87 98le] Amberlite XAD-83 XAD-4 A&
o] &3}t 0.1 N HCIL, NaOH, 4% Cleaning 4 & 73 Zrdo) A5 £33
vl Al 045 pm membrane filter paper® o] ¥ A7 T AlFE pll 28 AHA 3A) 71

U} Amberlite XAD-89] E3A 71t} Amberlite XAD-8 44} &% E#HL (.1

i

r\l
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N NaOH 250 mL& g2HAj 7] 21 #5455 0.1 N HCIo.5 pll 152 st Al 2 A
B sk 045 pm membrane filter o skl 1 o R & fulvie acidebal 5 8f

Siar, o bl glell v AR 01 N NaOH 250 mLE &AM 2 &4&

o

8]

=

humic acidgbal FF38FA ¢k (Yeh er al, 1993). 21251 Amberlite XAD-4 T4 % %
Wk §E5 % pon-acid hydrophilics#hal #3950, Amberlite XAD-83 XAD-4
s e §&4 kel #olE hvdrophilic acidghal #FaEATE (Croue er al.,
1993). 23 325 S A 5452 4 mL/mine 2 A8kl ol it 2& 18 R

W48 Fig. 3.1 7reFs] w43 skglc)

Acidified to pH 2
Filtered by 0.45um membrane filter

rommmsos Desorbed 250 mL 0.1 N NaOH
|
XAD-8
Hydrophilic (a) l O » Let settled for 2 hours
Adjusted to pH 1 with HCI ‘
' Filtered through 0.45 um membrane filter
+
XAD—4 Filtrate Residue
i
I f-ulvic Acids | Dissolved in 250 mL of 0. 1N NaOH
i

Non-acid hydrophilics (b)

Humic acids

(a)-(b):Hydrophilic acids

Fig. 3.1. Analytical procedure for natural organic matter fractionation.
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i)
['11.':

33 FAEAEYH

[e]

HoAg o] iz HA2 Standard methods (APHA, AWWA, WPCF, 1998)°] u} sk

on WAe] A= FARA 8 W Wy 247073 Table 329 2l

(1) TOC/DOC (Total Organic Carbon/Dissolved Organic Carbon)
Tl FAS: wvlEel RS ddser] sls FAstdon, Asg 54

glekel TOC vial® AFA AHon 5 F71% JR& WF A48 o

o

=

i AAAHEe] AbEeAT) R CILKOs (anhydrous potassium biphthalate) 9F

Na:CO; (anhydrous sodium carbonate), NaHCQ; (anhydrous sodium bicarbonate)& 3%

oo Agstel 24 TCs ICe) 49 A4WAR 44% F B4E 4
Atk Az BHe FA Asstgdonm w3 Wyt wE e
[e]

Al eE s sho] 4T o] Wk Aol A B ks ich

(2) UV (UV 254 nm absorbance, cm )

Al F7) A S o] 2=l A lignin, tannin, humic =2 59 defz &4
thoolefgh 71k AstEE A e 200~400 nmel ko)A dejolM FH FALE
Ebyic) o e gk AR gk S}9E % (aromatic substances), B AWEF 8§

& 2 (unsaturated aliphatic compounds), ¥ 3% 8% 3}3H& (saturated aliphatic

L

compounds) 5 Bba arg] s} o] ZAE ojate] A S i 9 BASo WS
=

F ks A 27k} o)e)gk o] wiol] UV-254 nm7F UVELE g AAs)
T GledEe we FeEE Pgqer Sgshicdl el oldFa Utk Al

Type A/E Glass Fiber Filter (Gelman Science)Z Ab&35to] o33k 3 |-cm <

cell & ARE3Ste] 34k 254 nmell A spectrophotometerss AF&8ho] FA43510 o}

(3) Specific UV Absorbance (SUVA: UVus/DOC ratio)

A za) dekE JRolu &3tolFA S (conjugated double bond) R E 7FA
T ofrlseE e A (UVES F9dte 4AES kAo Aok whEkba] 254 nmel
apzel A o] UV &3 %35 humic substancesS $H73F A142¢] DOCEHA Al AL&317]
of &¥pAelar ghekgk SARYolrh ole  wmhe} UVELL H] (specific UV
absorbance, SUVA)Y= UVEZ L (m Y/mg DOCE YehdlE gtoza] §7]8e E4
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ol ul AAGEE ERE §88 AR ARE 5L vk
(4) 5% 2 Particle count

E s HACH, 2100P 5245 AFE3te]l 0-4000 NTU®9| iHF8 o= gk

N T ASAEdvh Hiesr cell Wil VA S

ok cellS Eiro] F o|lF ElL i FHFASEACE Particle countss Vivendi,

USfilter& AR&8tad 2 o3 Im7bAl particle sizet: 54

ek 24E 8 AFE AN AT v Fgaach

1 O 2

i)
A
30
o
k)
T
in
s

X

(4) Alkalinity
A4 50 ml # e thE 002 N FLSOait A 4ste] 2% pH7E 450 wehats) 7
Pl ILSOel F3E o &atel sk,

Al -

~L,‘

Table 3.2 Analytical method and instruments

Item Unit Analytical method and instruments
o Jar—test - Jar tester (Phipps & Bird, Model 7790-500)
pH - pH meter (METTILER DELTA 345)
Turbidity NTU Turbidimeter (HACH, 2100P)

Combustion/non-dispersive infrared gas
TOC (DOC) mg/L analysis method
(TOC Analyzer, Model TOC-5000, SHIMADZU)

UV em ! UV -Spectrophotometer (UV-1201, SHIMADZU)
o mg/L as ey e
Alkalinity . Standard Method (Titration Method)
CaCOg
Particle counter - Portable water particle counter (USfilter, Vivendi)
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34 233FA Y

HE

3.4.1 backmix % |

S3el wwbzA e kSR pmdell whE HrELLEAL (Q) FE o] &8k o)
el s Foto] Ak §37 Ayl A&y jar-testeriz Fig. 32014 9F #eo] 2 L
whol ALZ4E jariz 254% x 76% em 2719] paddle (two-blade)?] 1l & ALga}
Ark SR AP SRAN: v EA S RAS] Alum (AL(SO4); < 1611:0) 7
Fe(lh#Al &#H A A FeCls « 6110 Z12]al D Aol Ab&53 Adi= PACKPoly
aluminum chloride) 2 AF&3FAth PACI2] 4% ALOsel $hsko] 11 %%l H5418 71X
aboQlo Adg 3@"5{?01] Aol B Aol o5
A4 ARgeksdvh A 9l e gk A =32 ALSO4)3 » 16H20, FeCls « 6H20
45 025 M stock solutiong # %38
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Fig. 3.2. Schematic diagram of jar and paddle used for 2L reactor test.
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Table 3.3 Experimental conditions for three different types of processes

Process Conditions
UF alone UF process alone
Rapid mixing+UF Applying UF process after rapid mixing

Rapid mixing+MF Applving MF process after rapid mixing

3.4.2. In ‘line A& &3 %X

Agle] AbgR AAERVE B el 2~5 el E8h A3 (elements)E -3

%)
3 7 deE disdoew 4AEs7E AAsE e oAU E S o] &kl on
clement2] A 22 304 2Edes AER Azedok 4 ES] #e] WAL 091
cm, el Zlol+ 10 ecm ol o Fig. 3.3.91+ elemente &3 A4S et
Aaestrzlie] &34 9] AukFd A (peristaltic) HEH o] &3te] o {F9IH
ool F=Rl¥ T Fdom wdel £5% &4 ASHA  (differential pressure

transducer) & o] &3to] S EA AP)R SAHSACE AQEE AR & 34
(flocculation)& $18+e] jar-test Aol AL&sE 2 LgwFe] AH4E jarg A& 2

W A EstdAE ol A3 FAE Lig. 3490 2A18] vheR

AWk o2 gHPEsrel AAA A G B SRS wkA S g
a3 GT#HS 7oz sFar th backmixerdl A9 GE= 4 (3-1), in-line static

mixerol A el Gi= 4 (3-2)& Al&sto] Alarskgl ol
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_ guhy
C=\V"71, @ (3-2)

A AT (msec)

o 71 A, v
u= f % (m/sec)
he = &45F (m)3
g = /bR (m/s)

L = #e 7ol (m)

A3l vhERE wheh ol gA E ] dle] b Eir fdel wheh W shshsE
LA (h)S AR st s SEAAL () vhebd F7E Qlrh 4
(3-2)% olgsted SwAgAl GE SAsH7] flstel opekdh 9l Ak @ ulE-e
clement ol wep A EFepv]A WSk FRELS AYAE ol gt S

ot

0.9cm

}

'
Elements

Fig. 3.3. Schematics of in-line static mixer clement.

Differential
pressure cell

—= Waste

1]

2-liter square jar used

Raw water
Holding Tank

Coagulant
tank

IFig. 3.4. Experimental setup of a static mixer for rapid mixing.
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35.1 332 v g

HoA g A& % batch type UF membrane &3+ v1sld el Fig. 359 %
cl Apg¥ e I\’Ii]lipore/‘\}ﬂ]/ﬂ Az Aoz B dise Hefe] Mo xF L 76
mm, P A 454 « 107 miolm AEyel T 0.1~15 melw AR Fe] Fr=
50~250 mmolth. MFUHe] FF27]5= 0.22 meolv UFYH 100 kDa®] 9 2 4o X
a4 A2 el Regenerational cellulose “F& Ab&3to] A3 HAlgdvh gh= A48
& HAavtaE o83t | bar2Z YASA UF cello F=¢sk%a, MF2] %9 0.8 bar
2 AdAgetA FAskATE T Nluxy Fob5E AGA S ol &ste] A4 & onlF

2 1002 shdstel At

Pressure
gauge UF Cell
% T.l——w
. el
2 1o
Reservoir { A permeate
[ ==
‘ : H
Stirrer 0

T R |

Electric
Balance
| —
O
oo
oo s]E

computer

Fig. 3.5. Schematics of batch type MF & UF membrane filtration assembly.
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A 44 A9 9
4.1 In- line BA 3715 ol &3 &R-UFY 49 2§

4.1.1 BAE37]o A wnkag o] ALk

dAaEariize] fdfakel Askel el Ul A AE elemento] Jfaell whE
T Hwdrt Goghks Table 413 Fig. 4110 vhehiodek. 424 &3k7]0) A 9
FAAE G 4 x2delA FEEd (h)g S48kl A B-DF ol &ate] AAbssd
b 2l (3-2)8 ol &3t S GE S48 91ske] elemente] 7F O (empty
pipe)oll A 5 M7zl 7 Ml AR ES 7] b o]y 10 em ol e (3+2) element
7F A HE sabrle] 3 Zlels 30 emE, 9 N-9lel 3 712 elements A A S a #F
#29lel 2 el elementE 7b7b A AESIvh Table 419 Fig. 4119014 A3y f %
o Z7Fgtell wel, element®] =7 F7F§hol whi} ¢FFENN HRAAL G oghol A&
Hos F7kshE vhebdiar Aok o)z A (3-2)el A vlebyE whel o]l F R element
T7F F7hel wheh wb i Fell M o] whrb o] Frhske] wheh f 9ot
of FHEMe Ve FUFORA HuAE AHAoR FVMAEE E 7 U

A

th 5 clements 9F (3+2) clement® 7% & clement?] 3= 2o} ol Zolxi <l

atol (3+2) clemente] 4 5o FFEA0] A A vERT B3 Fig, 4112 §9
Frikit element2] Aol wE HREAL Gogkel AabelA 2k 4 ol HEEAQ) G
Zhol 1,000~4,000 sec ' 2 vl =oAL S2 8 7 do]A AwrA < backmixer} H]

wak o gAESv el A FPA =eskE g mvbHQd wnbgARe] Apgol

7} sl el kil
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Table 4.1 Measurement of head loss and calculation of velocity gradient under

various flow rates and numbers of element

Flow rate 1 L/min 2 L/min 3 I./min 4 L/min
N hw &G | g G hi, G h G he G
No.
gf Element (m) | (sec)| (m) [(sec)| (m) |(sec’| (m) |(sech
Empty 0.004 288 0.012 815 0.020 | 1,116 | 0.040 | 1,822
2 elements 0.045 966 0.005 | 1,611 | 0.070 | 2,087 | 0.130 | 3,284
3 elements 0.050 | 1,018 | 0.065 | 1642 | 0.110 | 2616 | 0.150 | 3528
5 elements 0.060 | 1,116 | 0.095 | 1,985 | 0.170 | 3253 | 0.210 | 4,173
(3+2) element | 0.060 644 0.09 | 1,116 | 0.190 | 1,985 | 0.230 | 2,522
5000
——&—— empty (L=10cm)
[¢) 2element (L=10cm)
2000 | | ——Y-—— 3elements (L=10cm) ~
- — —y— - 5elements (L=10cm) -
3 — —#& —  3+2elements (L=30cm) g v
] e -
o
o 3000 -
8
-
4
O 000
2
8
0
> 1000
O T T T
0 1 2 3 4 5
Flow rate (L/min)

Fig. 4.1.1. Velocity gradient as a function of flow rate.
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4.1.2 In line A4 &3}7]9 backmixer? S &8 vl
Fig. 4.1.2 9} 4132 &84 =4zl gt 4 o-sh7]9k backmixero] o3k 7]
o]

AAEET thhdQon $4 plis 24 a4 2aeh A4Ess1 @ F71%

M7 EES FHS 2 L/mine.® aAS e (Fte] (3+2) clement = 1,116 sec 2
28150 backmixer®] A9 HAEB RS (=550 sec 2 FAske] & A F9 wol
et r5Est & $3 288 vustrl fV1E A A S8l gt A Ay oz

Ao A TSkl Skt s fU1E A EES FUtste AEE Holal /e

WoalgFaelel ogk e AlAGEe sk vbERLER] @kekvk =39 FeCly & Al
S SRS 4G alum o]t PACIS 1wtk SREE] 2 A ek
bacmixer?] ¢ w& el Aoy 1Eolule 7 A FAE 7RI

Agkel g mgwel ole &4

s

|
o] mhizal g Fabow Qlste] SPE ol FHEAvkaL yhdbE o ny S ok

Wb aas SRAe] wmE Eobyh BAde s st FHEASES FYAAT: AL
o 4= urk wmek 4R Es1el A backmixer®thi: T9dsl SRAE FHS1 e

o e EgEe A $H a8l ¢ wol Aohx FehETh Latimer (1998)2]
ol o Al AAEslro ALE Al AAs G g2 1,000~4,000sec 'l A EHA &

dol ¥lvkar Wy selow, Aol gyl AAEstrle] wiAd=is 1500~

2500 sec 'l A FHH SHEAHLS BTt BaskdTh
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Coagulant dosage (miV)

Fig. 4.1.2. Effect of the different coagulants and coagulation condition on the UVusy
removal.
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o o °
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O - idine mixing
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Coagulant dosage (miV)

Fig. 4.1.3. Effect of the different coagulants and coagulation

removal.
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4.13 In line AA&87] A gl W& UF?9 3 fluxW s}

Fig. 4143 A&l d3 AvafE LEE in-line &347]2 HA f45535 01191
(3+2) clement, G=1,116 sec '®] &a}72% (Q=2 L/mimellA & A (G745E3
((G=1.116 scc ', 1min), H&+eH45 &30 (G=30 sec " 5min)) ¥ 100 kDa®l hydrophilic
o w upileEl s A A gE Ag Aot Al TS alum 0.05 mM as Ale] &3

=}
Aol 4 A9 e AAsEh gel sk ol UF w5 349 2% flux a7t 2

-

A vhERYEA N in-line static mixer® o] &38to] & E S A He-of &5 FI)

+ et Fale] 23 AxgE A%

# Zoukubgial F ; L}
ElyFS o 4= gltl ) in-line static mixers o] -&3Fe] 100 kDa®] UFYo 2 ubilg)
Aell 3= i Egbvto s B fluxel 9ES 91 SRt & & A4S 4 vk
Zlolvh. Mhaisalkar et al (1991)2 &% &8k & wwbzzlol upiz it ol w3l

ek e AN Eatol FEESS Fush Al W 35S 8 F microfloce]
P18k vhebahal tehh] oleld el SHASE A JFL vANkn 3}

1=}
ohooreme 33 AAe @44 FEEsweny $A@ &uE 2 5 Aok

Fig. 415+ UF g5 42 49 UV, DOC 212 %¢} 114 %5 7715 AA&
Fol wke v rEEs 34 ?— e gk Fabgrel wE&eSRES § o] g

W bgEel UVes, DOCS A E &S 242F 533 %, 40 %= vlszstal vhepuhar glow

s 4SS 99 % ol4el e AAEE thehiw vk
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0.6 1

04+ rapid(in-line static mixer, G=1,116sec™)
+ slow (G = 22 sec”, 5min) + UF

Fraction of initial flux

0.2 1 | —®— rapid mixing
O - rapid+slow mixing
—¥— UF alone

OO T T T T
0 5 10 15 20

Operation time(min)

25

30

Fig. 4.14. Changes in flux of UF membrane after rapid

(in-line static) and slow mixing condition (MWCO:

kDa, dose: 0.05 mM as AD).

Removal efficiency (%)

UF alone backmixing In-line mixing

Mixing condition

100

[Fig. 4.1.5. Effect of the coagulation pretreatment condition
on the removal DOC, UV, and turbidity (Dose: 0.05 mM

as Al.
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42 8-UF #4& A% dAg 42319 9F

#4535 34 5 backmixer?} in-line static mixers: o] #3815 wjo] F3} flux ¥
shir erolr ] H7] g)e HA3ow HH53Y F 100 kDael hydrophilic membrane..
5wkl 5 A AEA T Fig. 4212 alum 234, Fig. 423 FeCly -3 49 TFig.
42457 PACI &3 AE Ab&etsivh frglel el o] zhrhe] SHAE ARESho]
hbackmixeriz +4 S 499 in-line static mixer® AL A T3 flux TAE
o] H]Z3hE oF 4 Qlow M3 ZT wilgo §{7E, HE AAEES FAHI Ay
in-line static mixer AF&A] <l 42312 s DOC Al 7€ <] backmixerX Th
10 %e) % <t A4S & 5 AUtk

A5 Eg gRor SHAS ek 93 dAe ¥4 A el T

ekl A wEsk] flsl AWWARE (2002) 04 3= (4-1De] 215 ARgsle] 323313

Voot e <100

=07 M- (4-3)

o] 7} A, & = Reduction in fouling potential (percent)
Jr = Final flux with raw water (percent of initial permeability)

Je = Final flux with coagulated water (percent of initial permeability)

Z. Fig. 421, 423, 425904 S 3A-UFoA mixing Z7o wet (backmixing,
in—-line mixing) alum®l 72§ 44.3 %, 49.2 %, FeClze] 4% 556 %, 57.3 %, PACI2|

AL 472 %, 57% & UF trx-g4d wla)] # 4 fouling?ltl'%f HAE 4 F Ao w3
¢ o] FAE fux fFasd A2 Zoli ¢ HE4S flux Fage] Ans AL 9y

stk ¢k (2004) 8] 9l tell obH micromixingS Gl in-line static mixer® A}
&5 A5 12 m 279 dAert ol Tt flux# A& vl szshv {rlE AlA
ZH o A3 in-line static mixer® A& % 9 backmixer Rt} F¥A ozt sksivh
el vhEA A8 A9 in-line static s R HASE AS U AdFSt wpe}
Zrol Hun] - RAWAZLA - FHAEQ HF71EAY] 59

vp Fhehylch

-
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1.0

0.8 A

0.6 1

0.4 A

Fraction of initial flux

0.2 4

0.0

Alum —&— UF alone
v inline mixing
backmixing

rapid mixing(in-line static mixing, G=1,116s"
or backmixing, G=550s™') + UF

T T T T T

5 10 15 20 25 30

Operation time (min)

Fig. 4.2.1. Changes in flux of UF membrane after rapid
mixing condition (MWCO: 100 kDa, dose: 0.05 mM as Al.

Removal efficiency (%)

UF alone backmixing in-line mixing

Rapid mixing condition

Fig. 4.2.2. Effect of the coagulation pretreatment condition

on the removal of DOC, UVyy and turbidity (Dose: 0.05

mM as Al.
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1.0

0.8 1

0.6

0.4

Fraction of initial flux

0.2 1

0.0

FeCl —&— UF alone
3 v - In-line static mixer

- —#— backmixer
li—lliil 'HIIH

b Y

rapid mixing(in-line static mixing, G=1,116s"
or backmixing, G=550s ) + UF

T T T T T

5 10 15 20 25 30

Operation time (min)

Fig. 42.3. Changes in [lux ol UIF membrane after rapid
mixing condition (IMWCQO: 100 kDa, dose: 0.05 mM as Fe).

100

W DOC
3 UV
SR Turbidity

60 -

40 -

Removal efficiency (%)

20 A

Fig. 424

UF alone backmixing In-line mixing

Rapid mixing condition

. Effect of the coagulation pretreatment condition

on the removal of DOC, UVas and turbidity (Dose: 0.05
mM as Fe).



PACI } —&— UF alone
v indine mixing
1.0 . | —@— backmixing
bl £ T ™ :
N ¥ . .

& 08
s
= \
% 06
=
2
S
g 041
[1'S

0.2 1 rapid mixing(in-line static mixing, G=1,116s"

or backmixing, G=550s™) + UF
00 : : ; — :
0 5 10 15 20 25 30

Operation time (min)

Fig. 4.25. Changes in flux of UF membrane after rapid
mixing condition (MWCO: 100 kDa. dose: 0.05 mM as Al.

100

Removal efficiency (%)

UF alone backmixing In-line mixing

rapid mixing condition

Fig. 4.26. Effect of the coagulation pretreatment condition
on the removal of DOC, UVay and turbidity (Dose: 0.05
mM as Al).
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422 In-line AR &3/ A& & A4 534 fluxis)

Fig. 4272 in-line static mixer: o]-&&-8 49 33A Lo w2 Falst &
HA md&el Fut flux WsksE gobunr] gk Ao s 55 E3 $A4 §F 100kDasl
hydrophilic membrane®. & =hite] 5 H Ak 2b2be] A +94%HS 0.00mMe]
1y, 345 Es F 100kDa e AFESkel T3 fluxd: vhERAIATE Fig, 4.2.70 vpERGE
gpep grol E-FAle] wE T3t flux Hah ALl ZFelvb vbAlsr esgkAIRE Fig. 4.2.8
o] alum, FeCls, PACI Zt2te] 715 A7l &8 UVoui® 52.1 %, 655 %, 60.3 %,
DOCT? 425 %, 469 %, 43.2 %2 alum °ji| PACIel B]3to] FeClzol #7718 A&

o]  F& Ao ey FeClze] 49 alum o]} PACIOl vl&] o] £ flocs o

"I«

Aol A &F ol AAYANE Ao yrhylvh g (1998)2] Al % UV
2} DOC A&l FeCly &A7F % FrlEA7 &£aE vepsley, Fe(ll) )
SHA g 2 Fr1E AA ANID A & Aol vste] gHst SR g vl
Waleh 2000 el At FeClys AF2E 45- Alumol B8] vl Al particles} 7+
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Fig. 427. Comparison of flux decline for different
coagulants (In-line mixing, UF MWCO: 100 kDa, Dose:
0.05 mM).
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Fig. 4.2.8. Effect of the coagulation pretreatment condition
on the removal of DOC, UVayy and turbidity (Dose: 0.05
mM).
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Fraction of initial flux

0.4
—e— 003mM
v 0.05 mM
0.2 4 1 ~—-®—— 015mM
rapid mixing (G=1,116s"")+UF | — -0 —  UF alone
0.0 - T T ¥ T T
5 10 15 20 25 30

Operation time (min)

Fig. 4.2.9. Changes in flux of UF membrane under various

coagulation doses (rapid mixing + UF. MWCO: 100 kDa).
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Fig. 4.2.10. Changes in particle size distribution under

various coagulation doses (rapid mixing (G=1,116s b,

MWCO: 100 kDa).
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Ifig. 42.11. Changes in flux of UF membrane under
various coagulation doses (rapid mixing + UlF, MWCO: 100
kDa).
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Fig. 4.2.12. Changes
various coagulation
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Fraction of initial flux
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Fig. 4.2.13. Changes in f{lux of UF membrane under
various coagulation doses (rapid mixing +UIF, MWCO: 100
kDa).
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Fig. 4.2.14. Changes in particle size distribution under
various coagulation doses (rapid mixing (G=1,116s 1),
MWCO: 100 kDa).
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Table 4.2.1 DOC and UV removal efficiency of different coagulants

Coagulants Dosage DOC UV
0.03 mM 354 % 42.8 %

Alum | 005 mM 25 % 52.1 %
0.15 mM 49.1 % 64.6 %

0.03 mM 379 % 48.2 %

FeCly 0.05 mM 459 % 65.00 %
0.15 mM 55.0 % 73.4 %

0.03 mM 36.3 % 45.8 %

PACI 0.05 mM 43.1 % 64.1 %
0.15 mM 52.6-. % 72.0 %
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ANAEE AdotHy] ek Ao iyl A ambient pH Fol Ao Ay pH
T ordaA] 92 g Zzbel S A ikl we) vheby §F pllE vhERWCH
Fig. 42.15, 42162 alum¥ FeCly $34A% A8 e 49 SHA Fd&d e
DOC #Hi&-2 e Zelrh AA Al HEE HW ambient pHZ*
adjusted pl1ZE7lel Aol §F718 HAEo] -4 Ao et} 53], 0.075 mMe
SR A Rl el i FrlE Al ALvh A dhebsb oo Al el F &
FEAA Aol zbolzt AA vEbybYE Kang (1994)¢] <~ lL’]iFoﬂ ol w2 &
A Tl A & pHE A3t wAs w7l o]l A AKe] zolE Holi= A
&3 pHAl w friEe] SAdstel A4yl 7R 5o dds "Wn FolE
& H pHAA fF71% &&o] §-F3tcl stk
Fig. 42172 Fig. 421557 A3 248 zdd A PACI $HAE A&sl9 S 2T
SAAl F el o DOC #H & & viebdl Aotk PACIS) A S, ml 2] st EsE] H
ozl arktab EaAle] Bl ofs At AA AwATE dFgeR i T4
ol AA vebd Ao gvbdnk L Ayt 0.2 mMe 59 el Al
&1 pHOl @Fo ) {F71E AA &&o] 40 % o el whd, &3 pHE
SO FAS g 01 mMeolde] SHA Tl A 40 %eldel DOC A A&

vhuith whebr &3 pHE =4 83 45 30 %ol DOCHE A7 o+ & A

-
——
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Alum | —® ambient pH
wod  JPHTTe v - adjusted (pH 5.5)

90 A

80 +

Residual DOC (%)

70 A

60 +

50 T T T T T T T
0 0.03 0.05 0.075 0.1 0.15 0.2

coagulant dosages (mM as Al)

Fig. 4.2.15. Impact of coagulation pH on DOC removal with
alum.
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pH 7.76
100 A FeCl,
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v adjusted (pH 5.0}

80 A

70 A

Residual DOC (%)

T T T T T T T

0 0.03 0.05 0.075 0.1 0.15 0.2

coagulant dosages (mM as Fe)

Fig. 4.2.16. Impact of coagulation ptl on DOC removal with
FeCls.
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0 0.03 0.05 0075 0.1 0.15 0.2

coagulant dosages (mM as Al)

Fig. 4.2.17. Impact of coagulation pH on DOC removal with
PACI.
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plli= A2l SAodA u] g Fag Aapa uhitelol A plls el grle]
T84 (NOMIl F 2ol d3kg mali= Ao oefr] Ak (Jucker and Clark,
1994; Yoon et al, 1998). # 23 od dFelM =5 adjusted pH 37134
ambient pHl 18]35 54 Wl EASi= 2AS neutural pHAA 24 &% &
it AAskach olw] AREgH S A= alumel™, 79l 0.075 mM(as ADE
SEILh Fig 4.2.18, 42,19, 42202 &3 pHel wi T3t fluxE LFERUILTE 1A 4 o
2 oflux A ARy Hls=db 4 vheksked ) adjusted pHel A9 fluxe] a7 A A
LHERSETE o)+ pHZE fouling& i ekis «1zbel] wizhghe & 4 Sk 5, pHE =4
3 49 DOM AlA&EZ&S welal, wel fouling s ek #71&& o wWe] AAg
of wheb flux A7k v AA dolvbrkar vhehlvh

Table 4.2.2 o viebyk wpe} grol zhzbol &3jAlol {7]4E AAFHANM = pH7F
SR 7l A& &) A drebskth Figo 42215 pH 3ol E A &
Fr ot fluxE dhebd Aelvk FeClsel 4 b flux #ago]l HA vepyion,
7l AA & Al Fig. 4222004 vheRd vkel ol UV s 688 %, DOC 457
%3 alum o]tk PACIOl wisto] o) vhepsich H G Ruy siEabgkolsn &
g Bl sharEs S dFviwdel AR 2 dxe] FdstE war e
(GG, Crozes et al, 1995) FeCliel #71% A7 &&e°] alum2} PACI Xt}  $43%
Aoz LFERGECE Ambient pHREE DOME] Al 5= adjusted pIl Z7A A ol & &3
Holglom, old wel DOC 50 % Fko =2 AA&S Roch
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Fraction of initial flux

—&—— UF alone
v ambient
0.2 1 ——-&—- adjusted (pH 5.5)
- <= neutural (pH 7.5)
OO T T ¥ T
0 10 20 30 40 50

Operation time (min)

Fig. 4.2.18. Comparison of flux decline for different
coagulation pH condition (Dose; 0.075 mM as Al UF
MWCO: 100 kDa).
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L —&—— UF alone
v ambient
024 —— @ —— adjusted (pH 5.0)
— O — neutural (pH 7.5)
0.0 T T T T
o} 10 20 30 40 50

Operation time (min)

Fig. 4.2.19. Comparison of [flux decline for different
coagulation pll condition (Dose; 0.075 mM as Fe, UF
MWCO: 100 kDa).
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12

04

Fraction of initial flux

0.2 4

0.0

Fig.

coagulation

—&—— UF alone
v ambient
——-&—-— adjusted (pH 5.5)
- - neutual (pH 7.5)
T T T T
0 10 20 30 40 50
Operation time (min)
42.20. Comparison of flux decline for different

pH  condition (Dose;

MWCO: 100 kDa).

0075 mM as Al UF

Table 4.2.2 DOC and UV removal cfficiency of different coagulants

Coagulants pH condition UVosy DOC
ambient pll 50.1 % 343 %

Alum adjusted pH (B.5) 577 % 394 %
neutural pH (7.5) 433 % 208 %

ambient pH H53.0 % 355 %

FeCly adjusted pH (5.0) i 68.8 % 457 %
neutural pH (7.5) 40.8 % 30.8 %

ambient pH 50.4 % 32.9 %

PACI adjusted pH (5.5) 63.2 % 39.5 %

i neutural pH (7.5) 484 % 299 %
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Fraction of initial flux

—&—— UFalone

02 4 v alum (pH 5.5) |
) —— @& —- FeCl,(pH5.0)
I — —O'—  PACI(pH5.5)
OO T T T T
0 10 20 30 40 50

Operation time (min)

Fig. 4.221. Comparison of flux decline for different
coagulants under adjusted pH condition (Dose: 0.075 mM,
MWCO: 100 kDa).

100

Adjusted pH -V
80 - DOC

60

40

Removal efficiency (%)

20 A

FeCl, PACI

3

Coagulant condition

Fig. 4.2.22. Effect of adjusted pH on the removal of DOC,
UVas (Dose: 0.075 mM. MWCQO: 100 kDa).
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4.3 Delivered DOCl @& flux ¥3}

sbokel A AMESte] &F FA F URYe] mw o sk DOC (delivered
DOC)o whiz flux W3} Ak <toluw 7] &) 44 005 mM2 alum, FeCls, PACI
o

SRAE ARS8 4 AReNF T3 G=1,116 sec', Imin)& 100 kDa,
T+

hvdrophilic membrancd o] &35Fe] v E A Atk Fig. 43.1(a)2 A3
i S-HAR flux WE LENE Aol Fig 4.3.1(h)i= delivered DOCA W& flux
Wskir S HA-E vhebd Aotk

Delivered DOC®] b& ~H8t7] 98] NoHwa et al(2004)9] <1t M= (4-D)el 4

& obgatel @ Takgrh.

Feed water DOC (mg/L) * Cumulative Volum(L)
Membrane surface(m*®) -== (4-1)

Delivered DOC =

ol 7} A Delivered DOC = cumulative feed water DOC mass per unit area of
membrane surface(mg/ m”)

Fig. 4.3.1(a)°l vhepslk vpel o] UF v sdrd &3 dxelE ds 49 50
o 3 flux A A vEste ) FeCly o1 29 flux 7ZFA4a7F thh A A v
2k 4= otk Fig. 43.1(b) 508 &% F delivered DOCH| & flux W EHE L}
b slelm]) Fig. 4312k sdatA &1 dAdgE #& 45 Al vee] flux

a7 AA veElbskEd) o) vre e Fr do 7= YL E 2 hydrophobicel™ ol&
ol olste] el o AP A Mlux7t @ Aoy Ao= vk
Table 43¢ & 50% € # A3 ¢k 500 mg/m” 2| delivered DOC HAAE flux %
Aol kS uERd Folrh 508 Fob 4 fluxie 411% #Aadew, alum, PACH
FeCly; = 242F 24 %, 233 %, 217 % 9 #2&% HATE Delivered DOC 500
mg/m 7bA el fluxis FeClel A% 208 ¢k 06% Zai thE &g nsl tha

%o £%% vehla gk ol A& vhsh gol UF @% 49 val 83 F %

n;

T4 AeUS A9 vl §EH 7150l 1A floco.E A 9 E

AR
of cake & @4l wet & FAHAA FeCliol AHEE o B aspHon §&
} O

d e e it e w dgtue] UFadolr &4 #7118 AAEdE 7HA
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o ——e—— UF alone
- v Alum
021 100kDa, hydrophilic membrane | - & - FeC,
rapid mixing, 0.05mM — -0 — PACI
0.0 T T T T
0 10 20 30 40 50

Operation time (min)
IFig. 4.3.1.(a) Comparison ol flux decline for different
coagulants based on operation time (Rapid mixing, UF

MWCO: 100 kDa, 0.05 mM as AD.
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P
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©
=
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(o}
e
0
B 047
E ——@&—— UF alone
[V \v - Alum
0.2 - ——-a—- FeCl,
100kDa, hydrophilic membrane
. Y — —0—  PACI
rapid mixing, 0.05mM
Q.0 T T T T
200 400 600 800 1000

Delivered DOC (ma/m?)

Fig. 4.3.1.(h) Comparison of flux decline for different
coagulants based on delivered DOC (Rapid mixing, UF
MWCO: 100 kDa, 0.05 mM as AD..
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Tahle 4.3 Flux decline for different coagulant based on targeted time and

targeted delivered DOC

Condition

Flux decline

Time (50 min)

41.1% (= 645 mg/m?)

Raw N
Delivered DOC (= 500 mg/m’) 33.6% (27 min)
Time (50 min) 24% (= 794 mg/m’)
Alum )
Delivered DOC (= 500 mg/m”) 13.9% (24 min)
Time (50 min) 21.7% (= 831 mg/m’)
]:eCI:;

Delivered DOC (= 500 mg/m”)

9.6% (20 min)

Time (50 min)

233% (= 832 mg/m’)

Delivered DOC (= 500 mg/m”)

13.19% (22 min)

( )=Delivered DOC or time at indicated % flux decline.
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44 &

"N

A F71E9 93 UFY fouling mechanism

441 A&54 o]y

vhol foulingell &S F 884 FrlEel 54& tdskr] flste] wAdd v

it

% (Sequential Filtration Test)

& AF23F9] sequential filtration test® AAskdvt Fig 4418 Y543 958 55

stel 271 DOC¥ o& 5 mg/L® £AsE5L 0.1 mM (as ADO &AM &3 4
el (745 E3 G=1,160 sec ', Imin) ¥ 100 kDa, hydrophilic membranes ©] & 3}o]
ubrt gl A aleldel. o bl Tre] Fatbar (1st permeate = 2nd feed water)S UFA]
&3 pore size®] W ARESe] HEulE HAstG o, A5 A FAG WHo R
100 kDa®l hydrophilic membrane$ AF83Fo] sequential filtration testZ A A sk o},

UF vFsRo 2 283 49 2nd membrane® flux #F27F Ist membrane® flux
Aarvr ta AA Jebdled, o)ir =Y foulingS #she fo1EOl st
membraneo] A iR A 7 ¥]o) 2nd membrane 0. F L ¥ 7152 foulingel A

o] vjelstA @ AL <k & Ak 1S AS AF =l T flux e v)ols

9 A4 wolZA ShQ L, e el ERolA cake 29 B4, T fuxe] BaT
E9 Ao Friy]o] Ar) & LAU-UF T4 AL A7Adold F715E A9
Ay &FA FrIE £33 e foulingS doflvkE AS 4 £ A ol& Table

4413 3ol S F-UFYA 1st membrane feed, 1st membrane permeate, 2nd

permeate?] DOC kol Z+2b 368 mg/L, 355 mg/L, 355 mg/l.2 DOC2| 80 % o}

o] wol foulingS do7|x itk S 4 3 Qdth AWWARF (2002)) A =

DOM®| o ##2]1 85~95 %7} e
o]

5~15 %7F 9] fouling & <

I foulingS ¥o71# @ow, 1 Jx LR
Zicka W58k ubzl vk Laime (1989)9] A-folA =

glo] UF3A4S @=ox Ag3)

o,

] $ adHow 4718 AAE
S vk sl ool Ay AnE FdsW A4 DOCF el foulingsl 1ol s
200 Aol Batsvl, ¥ AHUE kG W ol 20% DOC F ARE

k-

H
gxol ®a A Ars stEwsl Fel §4 5 ool foulinge §UTS B

ey
4.11_4
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12

x
=
S
s
=
£
N
°
S 100kDa, hydrophilic membrane
S 044 rapid mixing, 0.1mM as Al
Yo
L
—@&——  First membrane (raw water)
02 1 -0 Second membrane (raw water)
’ ——-%—— First membrane (0.1 mM)
Y Second membrane (0.1 mM)
0.0 T T T T
o] 10 20 30 40 50

Operation time (min)

Fig. 4.4.1. Flux decline of Nakdong river through
sequential hydrophilic membranes (Raw water and rapid
mixing (G=1,116s ') + UF, dose; 0.1mM as Al).

Table 4.4.1 Coagulation of DOC and UVus absorbance from sequential filtration

test of Nakdong river

Sampl UVt (em ) |DOC (mg/L) SUVA
Sample /o5q (cm m
P l & (m '/mg/L)
1st membrane feed 0.12 4.34 2.8
Raw water
Ist membrane permeate 0.093 3.95 2.3
(concentrate)
2nd membrane permeate 0.092 3.94 2.3
1st membrane feed 0.081 3.68 2.2
Coagulation
& Ist membrane permeate | 0077 355 2.1
(0.1 mM)
2nd membrane permeate 0.076 3.55 2.1
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442 S8R 48 UF §A- o &4 718 AA
kA sequential filtration test A3 Rr] SH-UF 34 484 =l fouling S
o ) o o

Feh s F71E o] Ist membrane®l Al WEE A A 5o 2nd membranel = Y )i

F1%E foulingol 71el Zlelahal shisvhs e @ 4 gtk £ Aye A5

N
DOM AW &31& 3+ % DOM diol 548 vlu &7 98l 7 A9 e
4 95E sEste 27 DOCEEE 5 mg/Lyi 2AS T fraction% A Alskod o,

alum 0.1 mM (as ADZ %% Axe] (F%4 &3 G=1,116 sec ', Imin) ¥ fraction 8}
At

Table 4429 Fig. 442+ 573 9, 718 g4y Zzbe] SUVA %
vheblar dek 999=2] 49 hydrophilic %] 44 %, hydrophobic A%< fulvic
acid 35 %, humic acid 21 %& #A|8kaL glvh. Table 4.4.20 vheRYE SUVA F4 7
o Q4o A S SUVAZEe] 24: dhepytom zh {724 SUVA gl
4 A hydrophilic 4] 1.36, humic acid &} 3.19, fulvic acid o] 3.84%
vhebstTh wheba] bsbsad o] SAdo] Adk g f71E 4l fulvie acid®t humic
acid Aol 1 =& SUVA#S ] 2] SUVAGLel A 4

o

L}
B WEkE R uris njuakd Ao o HBo Ax]38 oF 52 it}

rhlo
519
=)
=]
2o
1
B
(
Ixat
Ol
i
c
A
i
N
A
..lo

A=k {18 AES wol stz 9o 39]8ke] SUVA  ghollAlsz tialz
nonhumic F& 3 o]Fox] o 54 EA 4z Jie wol ghfsi ¢l

CE SRS

,_70_



50

40 -

30

20 -

Organic fraction percent (%)

10 o

i
i

0 .
Hydrophilic fulvic acid humic acid

Organic fraction
Fig. 4.4.2. Distribution of organic fraction in raw waters

(concentrate).

Table 442 Organic fractions on DOC, UV .5 and SUVA for organic

fraction in raw water (concentrate)

Fraction DOC (mg/L) UV ssaem D) SUVA (m "/(mg/L))
Raw water 5.00 0.12 24
Hydrophilic 241 0.033 1.36
Fulvic acid 1.94 0.062 | 3.19
Humic acid 0.65 0.025 3.84




Table. 4432 &3 43 $3-UF 24 48& A f/1&542 A7 a&& 4
e Zolrl -1 A 9! Rt alum 0.1 mM(as AD2| FL = o] 29 s
Table 4.43e4 & 4 9l5tol &4 & T4 vlste] &4 -UF 343 48 383l
S uf humic A&l Ak = AdAH &80 vjubwttl & w5 A $3¥-UF &

A& 48 98 W hydrophilic® 27t 207 %, 245 %] A& & vrERUM fulvic

T

& 27 309 %, 335 %, humic &2 42) 338 %, 415 %ol AAEE Hol g
c}, o]z UFE f7]E Ao vls) humic acid Aol EF o8] A A7 ¥+
AL 4 4= o FExpgko] A £ humic A o] vFE Ao d|dte] AMel4 o

folstAl A A7 ksl gy 2 kA A 3%k sequential filtration testol A &

# T Ist membraned] Ml & 2nd membrane ° 3} {lux A o] &FA
hydrophobic & 2 o] -3l ela] AR aA7F = FAdw floco
v b gt el F A v A ol 5t flux7t Aok 3 o dvk A
(2002)°] s1tell elatd AN A &3 Al ek FeDAl &3 lel 4

woll nls Ezbabe] Aar, dap Hevh vkom A4 el Aggke] gk humic acid 4
ol vl A e AAES vpERe, o] Exbabe] Uha 2 humic Aol thE A

woll vlgke] defsjo of &olakA ¥t spdch

e
o
~
[
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o
o2t
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e ol
e
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X Coagulation
BZEA Coagulation + UF
0.0 -
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Fig. 4.4.3. Changes in organic fraction after coagulation
and UF process (Dose: 0.1 mM as Al, MWCO: 100
kDa).

Table 443 Organic matter removal efficiency by coagulation process and

coagulation-UF process (Unit: mg/L)

Humic acid Fulvic acid Hydrophilic Total

Raw water 0.65 1.94 241 5
After coagulation | 0.43 (33.8%) 1.34 (30.9%) 1.91(20.7%) 3.68
Coagulation + UF| 0.38 (41.5%) 1.29 (33.5%) 1.82 (24.5%) 3.49
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45 JAZEAo] UFHQ foulingdl VA= 9

Uholl ol E i glarell AP E o] EAEE wf uhRe]e] 71X e dEEs dolr )
el 15 1.2um filter® o ¥h3t €t 1 NTUS 52 o=+ 22 7 NTU2 ¢
T8 ol&sted wEElE ek WA JaAdEA A 3 A HAe A FY
g AAst] Y&l jar testH dto] Fig. 4510 A& AE el on, Fig 45.2
*E-l.Zum filterz2 o]2}3t & jar test® 3 A dzfolr) s gz A&US
- UVl A&7 TOCS] AAES vlas) Bke A9 0075 mM (as AD2l S Al
ol Al HAel FHEEE LS+ AN 1.2m filter® o33 & 2] 0.075 mM
(as ADel & Al &l A
Fig. 453 S1A4 Zl o]
A prefilter'é‘]'xl %o d9 (dAEE EADE UF a4l '—1%"'@ Z10]
v}, Fig. 454014 e} 7Fo] prefilterd: 42} prefilterdl =] ¢+8 da=xko] lzl49 2z}
o] 7} Al vuko] prefilter® 39S HG flux A8l & AL & 4= ) &)
AIRE Table 4.5.1¢ ofst¥l A wdo] & wje} &84 220 EAA F75
AEL A W UV A7 #0] 253 %, 19 %, DOC A 7] &) 173 %, 114

A4 Bl EAA F71E AAGe] A LpEhd ol JxAk ¥ao oy
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Aol HAEWA FF5AE fr1ES AASE A%s dhrpar sbghye] At
AWWARF (2002 A = 2ol e dAdE g 28t cake &2 %2 fouling
& Tt 83 EAES AAgT Rdrh

Fig. 4551 444520l EAsl 94TE jar testr] A WA Fdztoz A
10075 mM as AldlA &3 & ZEelE AAIS oz dApgdEdy FFo 4
glel flux #a7k vls=sitkE S 4 7 A o fE {fUlE AAHEES A
Wid(Table 452) 1A B4 A& et 854 A &AL UV A7 &0
525 %, 52.1 %, DOC AA &L 304 %, 291 %= PAFED FAA 1 2ol A
Aol &S &4 F Uk AWWARF (2002)9 A = cellulose acetate membrane (100
kDa, hydrophilic)®t polyethersulfone membrane (20 kDa, hydrophobic)el UF Yo i
A3 2AAE A 4R A feed waterel B gke] 15 NTU, 1 NTUY uj
ol flux W3k7k 3 % ojuiebar Mgk uprp vk ek gl4e] SiAdEd &4 of R

¥ pore sizeZt Tha 8 MF wrell A 1 ol &Fo] Rglsjriar sp¢ir)

o,
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Fig. 451 Changes in TOC and UVay as a function of

coagulant dose for raw water (With particle, 7 NTU).
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Fig. 452 Changes in TOC and UVwus as a function of

coagulant dose for raw water (Without particle, 1 NTU).
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Fractin of initial flux

02 - —&— UF alone (with particle)
) O UF alone (without particle)

0.0 T T T T
0 10 20 30 40 50

Operation time (min)

Fig. 453. Effect of particle, in the changes in flux of UF
membrane (UF alone, UF MWCO: 100 KDa).
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Fig. 4.54. Changes in particle size distribution with and

without particle.
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rapid mixing (G=1,1 1ssec'1) +UF
RRS-§-2 2 2
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Operation time (min)
Fig. 455 Changes in flux of UF membrane with and
without particle under different raw water condition
(MWCO: 100 KDa, dose; 0.075 mM as AD.
Table 45.1 DOC and UVu removal efficiency (UF alone)
Sample UV 5 DOC
With particle 25.3 % 17.3 %
Raw water
Without particle 19.0 % 114 %

Table 452 DOC and UVas removal efficiency (0.75 mM as Al

Sample UV DOC
Coagulation With particle 52.5 % 30.4 %
+ UK Without particle 52.1 % 29.1 %




46 S8 AAEFAo] MFU3t UFuo] v A= o gn

A AAE sy weol e A7) M thE MFu UFYhel v J s 2ty
®7) glske] MFY} UFYRE 2h2h ol gste] gjabd &8y &84 542 933 &

4 F F fluxE ol

I
N

el Aels HAlstdch AR& ¥ MERe] =7
022 el 21424 28 Abgd o UFwE 100kDa 244 s A8 ofwy
B2 AA7AE o] £5e] MF 22 0.8 bar, UF Y2 1 bar® A AsA =43

Fig. 4.6.12 prefilterst 94 (&4 &2 FA4)9) prefilterstA] &2 4= (Y=
T4 E=AhE l\"IFQ} UF "yl A& Zojth UF ve] 25 oA prefilterdt 95
o} prefiltersl#l -2 2149} fluxel zko]7} =1 vhERW o™ prefilters 32 %
(lux Aol #A viebyteh b MEe] 49 s do] e Ao &34 &
Aol #=Ag 49 UF ¢ &4 Hrl flux Fa8o] #A vebuoh o] A2 Fig.
46290 1A WESIA LR ulel o] ME o] UF wel nla) ube] wrzislzl 2

7] it F e Apolir FRoll AHo]l Hapste] T fluxel AA FEFE v A A
okt prefilter® b4 2 A4 Alghe] AnraE Z oA EE {14 FReln
b A @] Witolel @Syt sivk Kuberkar and Davis (2000+ & &7 ¥ &%
ol o] cakeZS WA S Aot 22 QAo o3 ¥ AN FHS sl =
ol 1= mabE di=rd s en) H002)e Aol ostd flux FHAE w=e]
Arkal g ol vl A Are]l HE - FE re)a Akl W cake 20 ®A 5

et W zku Fell elstked flux7b #H gkl shelrh
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Fig. 46.1. Comparison of flux decline for different

membranes (With or without particle water, MF MWCO:

0.22 gm, UF MWCO: 100 kDa).
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