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Table 2-1 Classification of membrane separation processes

Pore Sze Driving force  Permeability =~ Recovery

Distribution Transport mechanism
(va) (bar) (LMH) (%0)
MF 0.05~10 1~2 50~500 > 90 Sieving
UF 0.001~0.05 2~5 3~200 > 90 Sieving
Preferential
NF < 2.0nm 5~15 20~80 75~90

sorption-capillary flow
Preferential

RO < 1.0nm 15~100 5~40 50~80
sorption-capillary flow




Table 2-2 Property of membrane materials

Contact
Polymers angle Property

(Bhvater)
Cellulose Acetate (CA) 59+3 Hydrophilic, Chlorine resistance, Dechlorinization
Polyacrylonitrile (PAN) 5743 Hydrophilic
Polycarbonate (PC) 78+1 Hydrophobic, Chemical and Thermal resistance
Polyproplene (PP) 83+2 easily affeced by Chlorine resistance
Polypsulfone (PSf) 8212 Hydrophilic, Strongly Absorption
Polyethersulfone (PES) 9242 Chemical and Thermal resistance
Polytetrafluoroethylene (PTFE) 11742 Hydrophobic, Chemical and Thermal resistance
Polyvinylidene fluoride (PVDF) 66+3 Hydrophobic, Chemical and Thermal resistance

CH_OMc
Ao Oac
o
HOAC oH a
Az OCOCH,

Cellulose acetate (CA)

Poly(m-phenylene isophralamide]
(Normex)

o
SH, °_©§/((N} Polyetherimide (Ultern)

Ly

o
Hs

E Sl 7.

CH.

o

I
oN

oEYe )
. Polysulphone (PSf)
CH, n
*

~ons
~Honords
(o

o
i
n

Polyacrylonitrile (PAN)

Polyethersulphone (PES)
Teflon

Polyvinylidenefluoride (PVDF)
Polyethylene (PE)

Polycarbonate (PC)

Polypropylenc (PP)

Figure 2-1. Chemical structure for membrane materials



Table 2-3 Taste-and-odor results for MF and UF membrane systems without

coagulant[8].
Reported T&O Removal
Water Influent (ng/L) Reference
Membrane Type (%)
Lincoln Pond Memcor CMF 3.2 TON 49 Sorgini and Ashe 2001
Delta River UF 9 TON 44 Laine et al. 1999
ZeeWeed 500 UF <1 M -
Hillsborough River Reiss et al. 1999
Memcor CMF 18 M 21M

* M = Methylisoborneol

* TON = Threshold odor number

Table 2-4 DOC and DBP precursor results for MF and UF membrane systems

without coaulant/adsorbent[8].

Reported Removal (%)
Water THM HAA Reference
DOC/TOC
Membrane Type Precursor Precursor
Cadron Creek ZeeWeed 500 UF 10 NR NR Neemann et, al. 2001
Settled Lake Aquasourc UF 8 NR NR Roquebert et, al. 2001
Salt River Project Memcor CMF 11 NR NR Huey, et, al. 1999
) ) ZeeWeed 500 UF 14 23 19 )
Hillsborough River Reiss et, al. 1999
Memcor CMF 11 6 39
Kansas River 10 NR NR Clair et, al. 1997
Cheyenne, Wyo Memcor CMF 6.5 NR NR Scanlan et, al. 1997
Virginia R\reservir 17 5 NR Vickers et, al. 1997
Mokelumne River 13 <1 7TOX
Delta River 13 <1 <1TOX Jacangelo et, al. 1995
- Aquasource UF
Ottawa River 14 5 <1TOX
Seine River 5~27 0~34 NR Anselme et, al. 1991

* NR = Not Reprted

* TOX = Total Organic Halides precursor
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Figure 2-2. Simplified process flow schematic for low-pressure membrane

system according to the raw water condition on WTP
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RO, NF, UF
RO, UF, NF
RO, UF, MF
RO, NF, UF

Application

Surface Area per
Volume of Module
High
Low
Very High
Low

Low
High
Low

Fuling Tendency
Middle

Cost
Low
High
Low
High

Module Type
Tubular
Hollow fiber
Plate and
Frame

Spiral-wound

Table 2-5. Classification of membrane module
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Table 2-6 Classification of membrane system type

System
Casing Type Submerged Type
Type
Appearance
Manufacture Aquasource, Degremont, X-Flow, Vivendi,
Company

Toray, Asahi Kasei, SK

pressure filtration)$ A
Aubd o 7 A A A=A A of A

&d A7 Bl 4

Table 2-7 Classification of membrane filtration type

Filtration Type

Constant pressure filtration Congtant flow filtration

A

£y

TP curve is constant keeping
Expression of

Fluz curve is constant keeping
E B
= =
5 8
Fluz curve is slow dropping
Graph E —— - E TMP curve 15 slow raising
S -
~ S~
Operating Time Operating Time
Using Place Lab scale plant

Demonstration Plant, WTP

13 —



TR RS A o] gH ] Aelgel Aw o FFo| ¥ FFL L
Aol etk SAW, R #BPI} Aasy) e el w3 oy

Aozark 2 Hdds HA A v JAAlA o] WA S Feed and bleed A 0]

211 % gt}(Table 2-8).

Table 2-8 Classification of membrane operating type

Closs-flow filtration

Operating Type Deadend filtration
(Feed and bleed)

Retentate

Re_czcle

Feed = AN
Appearance i B/W waste) Feed

Permeate ﬂ

Permeate

Concentrate
) Concentrate

(B/W waste)

g Cake Thickness %
. E Flux
Expression of 3 é -~
5 3
Gl’ﬂ)h ; 5 Calke Thickness
Operating Time Operating Time
Feed condition Low turbidity, large voloume influent High turbiditySmall voloume influent
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2E AYsty PRE g 2 uAE AAS 93 95 AHody NS ke
I 9Tt

a9k R, FHdA e A3dFor o FAX Astge A3 A (Karstic)S Al
Ask71 98] 19880 Z &~ Amoncourt?} Douchyel UF#S o] &3 A gtoly w

Ao FAES AT 2% MFR UFHE o] &sto] AxsAes A =4
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AASE vl S92 Prescreen-MF-42% FAWoR FAYE taed Aoz A
Al G AR, 2000 el £ WA MFE 9o d 41 2 AHel49 okAA

FA7F FEHA 94 =4 ZA(Address water quality) @ 2] 2] A& 4 (Target

o

contaminant)e] wet A Aol vkt HAow, Hits Hu. EeE o] &3
%3 Al ~® (Integrated membrane systems)olx MF2| & &o] wal g Al
gl (Preliminary membrane treatment system), <<2%tx 2 A] 2 ¥ (Intermediate
membrane treatment system), X &2 A]2~®l(Final membrane treatment
system) 2.2 G- tH10]. (Table 2-9)

AA el AlzgolA MFe A& 2ol L= v ¢ (Particulate) 3 7] A
& (Microbia)& A7 st= Zoja, T3tAe 9 HF A A2d oA gy
wrk ooty e}, A Ay b A5 stebAdtel o8 &2 (Adsorb)® 71

=
Helg g4 o 9% 4 (Dissolved contaminants)2 A 7 dl= A o]t}



Table 2-9 Integrated membrane systems and target water quality contaminants

Distribution Integrated Membrane System Target Contaminant
Preliminary MF - Ozone - biological filtration T&O compounds, NOM(including color)
membrane MF - GAC(Granlular activated carbon) T&O compoun®&M(including color)
treatment system MF - NF NOM, hardness, Total dissolved solids(TDS)
Direct MF - RO NOM, hardness, TDS
Intermediate
Elevated or variable turbidity, NOM, hardness,
membrane Conventional pretreatment - MF - RO
treatment system s
Lime softening - MF - RO Elevated turbidity, NOM, rdaess, TDS
Preoxidation - MF Iron and manganese, T&O compounds
Adsorption - MF NOM
Inline Coaulation - MF NOM, arsenic
Direct MF NOM
Conventional pretreatment - MF NOM, elevated turtyidi
Final membrane Lime softening - GAC - MF Hardness, elevated tutyidiT&O compounds
trestment system Hardness, elevated turbidity, NOM, iron and

Lime softening - Conventional pretreatment - MF
manganese, T&O compounds

Elevated turbidity, NOM, T&O compounds,

Ozonation - contact flocculation - PAC - MF
synthetic organic compounds(pesticides)

Membranes used for enhanced particulat

Conventional treatment - MF
e removal(effluent polishing)

MF2S o] &3 AFAZFAH =YL 1903 thHFE AA o8 vkl =ZA
gA435tEa o 53] A2 9E ) (Submerged membrane) ¥ Aol thdk A

sleloll A8d AFAy AMHEES U3 2 (Table 2-10).



Table 2-10 Examples of Integrated membrane filtration plants[11]

Capcity
Processes Employed Plant Source Row water
(ton/day)
2} L& (Z) 5000 Surface water
Al (015) 75700
Prescreen - MF - Disinfection
Lakes
Collingwood (FHLIC}H) 36000
BEM (U2) 64000
Conventional pretreatment - MF -Disinfection Surface water
& MEZA2 (01F) 29500
Conventional pretreatment - Sandfilter - MF Xl (L2) 4000 Undergroundflow
-Disinfection =1 (0x) 75700 Surface water
Conventional pretreatment - MF -GAC/BAC - Sandhurst (£%) 120000 Lakes
Disinfection ARASHME (Z82) 55000 Surface water
olTAME AA AR T4 HAA MF A" AHo] e TF

Sandhurst® =3l o3k A d 3t
&l

AMaE of

Quality monitoring

ZAE 39 ow, Sandhurst A5 AFA ] A

o} ZtH(Figure 2-3).

———,

Sandhurst
reservoir

ACH
coagulation
flocculation

CMF-8
cells

Ozone
contact
tank

Treated
water
BAC
Filters
Chloramination

Figure 2-3. Flow schematic for Sandhurst WTP



o

ba goe, 4
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ol

20020 A A% Sandhurt 4542 42575 AT LR ALE
g Alz"dlo g ACHE |83k Coagulation tank®} 312l 2 Ozoned BAC, &
Exg PAHYE nEASE A Alzdolth sF AP 120,000 m' o™,

Tl AsEHo] 7hseta FE EYEE Al2glo] An|x o] glth Sandhurstd

dda B AA" EaY 542 obd(Table 2-11, 2-12)9F Z o

A% FAe GEIL AF WEZo] A glu, g He WY, $EH F18 %
SO0 it 76 ol 49 B ge FASL ATk £E, AR FEt A

, ool AAYE &t glow, A

o] =4 &7 "ol FAE TA oE, Y AL =JTeRA By <

Table 2-11 Typical water quality characteristics of Sandhurst Reservoir

Parameter Value
Turbidity(NTU) 2.25

pH 7.97

Dissolved organic carbon(DOCg(L) 7.63
Algae cell counts(cells/mL) 298
Aluminum(mg/L) 0.01

Iron(mg/L) 0.161

Manganesefz/L) 0.016
Alkalinity(mg as CaC@L) 57

Color(Unit) 14.85




Table 2-12 Design characteristics of MF plant

Characeristic Value
Module type Hollow fiber, MF (CMFs)
Materials PVDF
Surface area per unit module 25.3 nf
Number of module 4608 EA
Maximum pressure 120 kPa
Module 32 Module/Unit x 18 Unit x 8 Array
Operating type Dead End
Filtration type Constant flow filtration
Backwash frequency/duration (mir 25/2.5
Backwash Mode Reverse filtrate flow with feed side air scour
Flux (gpd/ff) 21.57
Operating TMP rage (psi) 3~12

Hluhe o] g3 AHFEAYFAH AANG myE ool T FAd Q4hwA A
AW A (Foot print), 9 1

o] 3}

fo
-z

9 (Life time of membrane), X EH &

(Module cost), Z 2 ~(Operating flux), =&z A€ *Ax4g u&



(Membrane system capital cost), +d H Z &2 B]{(Operations and

[e)

aTr

maintenance costs)s = & 4 Yt o]#I} BE W
=

FES ASE W 7 AAA
ol ZUE HA= A, FA A, EFAA HES Mg

Aolth, AR, HF Aes aAAdfIl hF WA E ARAQ 53T
MANAR FRA ALSE Aoy m@, Aol P BE QL A BE
5 % WHse cste] A Mol AAF Pasm U Aotk 19890 A

CEE R R

2 Qdste] AAdugol 125 FEo2 fAasta e Ae & v £, A

19973 Alolo] "ol g ZAHE Aun] 43 AuHH ZHE

Q71 Wl WA EANEF wEHol AAsE W& e Holth Wi set
2 Foldel 2ase B= FY3 fAAGGA] FHol A FH¥ 2] 30

%oldE AA e Aow deA AvHI2]

Aol Ze AlagolA HEvh vgSA FAE doldle dE®)e %
(V)3 4=E(APy e woez mdE = vk dubHd Aol K hHo] A7kl
e g ng LA de F Ay
TR HEste] d& 5 vk w99 AgsE 47 Hete] HEor @ o

o FW)e the A ek, 2-2).

E= QZ'Pi_QpPp: QZ'(Pi_Pp) ..................................................................... (le 2*1)
F(w)= Qi(mg/sec)XAPi(kPa)



t

Q,(t) < AP, (t)dt

0
fot Q, (t)dt

] — = . 2 . . =
E:®=3, F: doldA(kgm/sec’), Qi, Qc Z Qp : A+ F %, F=F

W(J/m?)=

frg 2 s FF(m/hr), P, Pe 2 Py YT #ed FE, w55 29 o "
2 qFe gl gEHkPa), x ¢ Aq¥dF FFHU TFF O OFH
TMP(Transmembrane Pressure), W : @9 oz} Aak2ko] X
ok A @2-2)e ol AR g FE7E 3 Ao dolE R Fxo] Fadl Fofokst
© Ay Ae F& ALst7] e Y YA R U
ol HZ 9 ofyx A& 3 o]
7F ARRE U A T oA Eh
Aot E o] g3 AFTAHAME oA HZol Z HFTE AASe vHOR
7)1 A = (Air scouring volume)o|Tth. £3], A2 £ 9 (Sumberged membrane

system)= ©& 3 AFA A F7IAA T o FHAEFS vy Z oy A

EAE TP, oyA ARE At AU AE JAgEHIL e dAdoy. 1
3 AL 71EAFAY FA(Convential process)H.TF E8] 7S o] &3 A+ 87}

4 Az 8 AFA] Axdel o =¥y AdEe AUH musR} oA

W As AARC] HolAE Ve ohda 2

1-7. Adelsute) o g A

MF 2 UF #B#leA &Hdols
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oo = gmjo} &4o] o]Fdd & Jdr EAT A Z(Pore)ol 2d] dxte] A7
2 EXNo wet B ¥E A7 E(Sieving) dAS Ltk 2822 NF2F RO 4

By g vt A WX (Nonporous membrane)e] 2t 2+ ¥ UFe MF

MF % UFelA 9oL tekst Aarjef S5AS Ad dx=dd 93] J4=H
(Figure 2-4), 2.9 3d AL ¥ =& =(Concontration polarization), =& & 2 (Pore
adsorption), =& ¥ M (Pore blocking), 7ol 2% & A (Cake layer)5 2 & UH At}

[14].

A Pore versus surface fouling

Pore adsorption (dehs << dgexe) : Colloids o solutes adsorb on the membrane walls, effertive pore size is resiricted and
fux declines

Pore plugging (dadae  dpere) : Colloids or solutes of a similar size to pore diameter block pores completely, reduction
in membrane poresity and severe fux derline

Cake formation (dsetute = dpare) : Colloids or solutes larger than the pores are retained dus to sieving s¥ests and form =
calce on the membrane surface, depending on pore to particle size ratio flux deckine aceurs (perm eability of the cake lager
as wel as the cake thickness are important)

B Impact of colloid or solute stability

Stahle colloids smaller than the pore size are not retained by membrane, unless adeorbed by the membrane material

Tight aggregates ars formed by slow coagulation, are retainad and form a cake on the membrane. The aggregats

strusture may collapse depending on forces on the aggregate and the aggregate stability. F hux through the tight aggregates

is usully low unless the aggregates deposit as s porous eake of large particles

Loose aggregates are formed by zapid cosgulation and are aleo tetained. Such aggregates from & cake on the membrans.

The aggregate structurs may collapse depending on forces on the sggregate and the stability of the aggregate. Flux
through the open agpregates is high if the structurs is maintained during filtration

C Solute-solute interaction

Colloids < pores and stabilised with organics (for example) are not retained by the membrans, unless adsorbed by the
brane material or destabilised with high salt i

Aggregates with organics adsorhed afier aggregation (for example) are fully retained by the membrane, but may
penetrate into the upper layer of the membrane. This could also be organics destabilised with multivalent cations

| Colloics which are partially and aggregated and destabilised such es a variety of solutes that interact with each other
in heterogeneous ways in the presence of salis, volloids and dissolved orgenics, from small and diverse aggregates whitk
may block pores

Figure 2-4. Colloidal-organic matter complex membrane fouling mechanism [14].
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OoAgS @42 Ry Hay 2 AA7E Bl of %A ) (Cake filtraton)
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Fol o]&) uwte o] FAHAT WEHQ A7 7FA] 3
= 97 A (Resistance)Fkol B T/, A 2L Ax FJAEE Z ZolE 7}A

I e}, o] ¥ Hoyy Aeggke =43 (Pure water)E 9 o Fol| 9 oJA Darcy's

J

J= s (#. 2-3)

J: Permeate Flux(m/sec)

Quota: Volumetric flow rate of pure water(m'/sec)
A: Surface area of clean membrane(m’)

AP: Transmembrane pressure(Pa)

u: Viscosity(Pa + S)

Rm: Hydraulic Resistance of the clean membrane(m ')



9 HEWHAY s2s i oy $EAHTMP)# Hldsta, 8o
A4 (Viscosity)ZF 29 o] 34 & (Hydraulic resitance)ol] Wku] #] gk},

T3k #U Re(Reynolds)zkel 1R & W, & fAl&g°] +F(Laminar)ol™, %
o] 9% ¥ (Cylindrical)o] 2t 7} A sHH, dipe] wharol A o] f 2 (Volumetric flow

rate) < Poiseuille's law2 o2 T3 + 9

Qipore: Volumetric flow rate of water single cylindrical pore(m'/hr)
. Pi(3.14)

ri Raius(m)

u: Viscosity(Pa - S)

AP: Pressure gradient(Pa)

Az: Pore length(m), Thickness

o714, AP/Az=  ZF 574 (Pore Thickness)ol W& 4#7]&7](Pressure
gradient)gko] Hvh. HAAZ AEH= T2 g dF5HS olF AA ¥
uj Fof] uF v E7 A (Tortuosity factor, 1) 2](2-4)o YHFH S 22

Aoz mdT 4 vk

Ql Pore —

A HEe] e T HHAA) x B =8 (ppore)o] HM, o] FH2 vhEFA I

FAau Sy



Qrotal 't AP .

i Sur Az Ppore +eeeneeeseeninsest s @l

9 A& Darcy's law (2. 2-2-1)2. 22 ¥ 2 A3 (Membrane resistance)Zt< T

8TAz
R = (2. 2-7)
wr ppOT‘E
AAo R 5% ZoA Tt AFggd Ty vEH 2D FAY F55 F

2-2. %o d WMAYE
EY A o d mMAUSFES &4 9 YAt #E&ygHo g FEEF
(Concontration polarization), 7l ¢] 25 34 (Cake layer), 9t 3 4 (Pore blocking)
% % & & (Pore adsorption)s o& UH T o 7|4 g g 2wl H] 7t
o 4 (Irreversible) Lo 2 F&2 &34 F7l=dd 9T odZ o, A=
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repulsion) %5 °] 9}

H —» Fg (Brovemian diffasion)
P Ll merint 1t] £ (Shear induce diffacion)

F; (Pressure : height)
FR [electrical double layer repualsion)
Back transport é\f

i (Trteraction imdieed migration)

FV'DW+ Nisc

Pressure : Low

Figure 2-5. Schematic representation of the forces acting on a particle in the

boundary and at the membrane surface.

%, E4do]l% (Mass transport) H 74 F ol

vEbd 4 o8]

1o
ot
iR
D)
)
)
1o
Al
o
Mo
ui
dlo
1>
o

ot

Wd?)PP dVp
X
6 dt




2-9)
Van der

(41,

7)ol F

[e]

.

Vr

’

484

A

dVp
dt

[e}

[e]

R

Ui

1 dppp
18

o] 714, n

</

X
o

Brownian

R
.

| 9 &%=, Vg

ﬂyl
-

J)J
=

A

o

L
T

UeEbiH, Vi

=

]
{|
o
2]

w
=

3 ol g
2-10)

[e)

j=
)

B} (Steady state)oll A T}

J= (Vo= Vi) H(Vod Vet Vo) oo,

A4 dV,/d7t 09

il
X/

X

iy
)
o)

hin
il
W
io

7Fat A

=
o

Joll A F =7t

ﬁo

bol whelwzh Qofibi

gol o3

o}
H

stu7F Aol = o I} (Cake filtration theory)o] ™,

E o] 2(Film theory)©°] t}.

S

=
K2

ATk 1

o]

o)
=

7FA
s

1

7
HtA o 2 Posieuille

L
-

=2A
?_:]

<

T
el

N

el

o|J
e

ENEE

=

=

o] %ol

(Critical flux)ell

)l



ANA5FE §40 vE: AAA A 2@, ttudd £4% dA: A9

Hed, 2 23 xHozREY vjud HE "dojdq e &3 (Bulk solution)A}o]
o] & X *}(Concentration gradient)”} A 7] A ® ol o8 gk v HWH ILHoA9 &
EASEAN S sEET dAolg ik WY s EREIFEN S U] HEEHSE

S FEATA FHe=d o) AS 9 FAaH(Back transport) dAolEta gl FEE
A A2 FEstdozr #g kg wkst= AFgS TAAIA HE=d,

ol#d ddES Adstd FAEdHAP) &) AN SMEHA(J(C/d))E FE

E5ol o gt ddow st 9 2(-Dlde/d))e @oll s 452~

(Jdc/d))e] A= ols o8-S o] FA ¥k (Figure 2-6).

Cb (Bulk concentration )

AP (Pressure)
DO/

T (Distance from Surface area)

TtdCpidt)

Cm (Membrane concen

& (Concentration boundary layer thickness)

H (Particle concentration )

Cp (Permeate concentration )

Figure 2-6. Concentration polarization and mass transfer at the membrane

surface area by filtration pressure
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t; © Time to collect initial 500 mL of sample(sec)
t¢ © Time to collect final 500 mL of sample(sec)

T : Total running time of the test(sec)
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Table 2-14 The factors of afecting membrane fouling[37]

Distribution

Category Factors of affecting fouling

Pore Size, Pore Distribution
e Materials(Hydrophobicity)
Membrane Characteristics Electrokinetic(Charge), Properties
Surface Roughness
Flux
. Cross Flow Velocity
Membrane Hydrodynamics Turbulence Promoter
Module Type
Particle Size and Distribution
. Concentration
Foulants Characteristics Electrokinetic(Charge)
Foulants Structure, Hydrophobicity

Membrane

pH
Feed Soulution Chemistry lonic Stength

Divalent Cations
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Table 2-15 A analysis for characteristic of NOM classified the region[40]

Region A B
Desorbed NOM (mg Doc/cih 0.021 0.037
Hydrophilic NOM(%) 64.9(0.9) 20.3(1.3)
Hydrophobic NOM(%) 27.3(3.7) 74.9(4.0)
Transphilic NOM(%) 7.8(1.0) 4.8(1.2)
Contact angle 55.1° — 45.5° 55.1° — 62.5°

* SUVA value are indicated in parentheses
* Using membrane : Material = Sulfonated PES, MWCO = 20,000

* Contact angle of clean membrane = 55.1

(Table 2-16)= ZF AHAEZ 44 2 254 NOMo® o dd 9o o3&
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Fe Mz AFels A7) ARA Rt £ AR UEwd. £33, 4

o] I+A NOMol Hla] e £x7F wEA 28 ¥ %38 (Permeability) 2]
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Table 2-16 The flux recovery according to cleaning agents[40]

. Flux Recovery(%)
Cleaning Agents

A B
Citric acid 24.8 49.7
NaOH 18.9 64.8
SDS 16.1 29.3
NaCl 43.4 55.0

Citi NaOH+ NaOH Neutral
;cli"(llc EDTA a surfactants NaOH,
l l l NaOCl
l Hydrophobic Hydrophobi l
oM NOM 1+Ca o ) Microorganism
Rases Complexes Hydrophilic Acids /\ Amino sugars ..

Figure 2-7. The suitable membrane cleaning reagents according to various

membrane fouling[40]
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PARTICLES I ]‘ I I [ 1
GAS .-:'.rﬁ..-l:-ql = GAS S=*rhzos’=
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Figure 2-10. Expanded cake filtration by interaction of gas and membrane
surface
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Figure 2-11. Influence of gas velocity on cake porosity and specific resistance

[49]
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Table 3-1 Membrane

specification using the test.

g AFE L., ¥ %W Pue BW 2IY £342  Hd
h (%) K 4 F Sz F7 (kPa) F5F FP=
CMF-S 92~95 PVDF DEi‘Zd 253t O0.m 30  20~80 16 60.4
) PVDF Feed &
Cleanfil-S20 90~95 W 7h Bleed 20nt 0.1um 15 10~50 3 52
. Dead 0.0045
Stirred Cell 100 PVDF End m 0.2um - 20 1Cell -
1-1. Pilot Plant 243 %A
7F G A FdEl FWHE
G A% ddsl ZHEE F9 HFYAdA dFE Fasiy AL A
H AFE AT B AIEAAE 45 A-dA9Y, Ee/5H oA 2 E3/S
/A F odas v Ags & =S AAso Jrh(Fig 3-1)
Gauging ! Coagulation ISEdimmtaﬁunl," » F-S
Well * Flocculation : I'g Membi
I
P S
Figure 3-1. Flow chart of pilot plant(G WTP)



rlr

B, B AY FAE $PA FYRZ TEA 9 $PA FYFL = W
7he dtes: AAEC dow, kel ASAuel s FHE HolHES A
A4S F38] TMP, Resistance, Kc#k 522 PLCY A5 AFHEZEE Al 28 o]
4 =0 ok (Figure 3-2).
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Coagulant
# Focculeion 077 Fitration water
Raw Water Sedimentation -
Mixing o S —
= =) =
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Feail Turbidity = Terp
R Turbicty et Megr \;D -1
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- 3w a1 Feed Turocly
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Figure 3-2. Schematic diagram of Pilot Plant(G WTP)



Table 3-2 Plant design spec(G WTP)

Distribution Sze(mBxmLxmH) Volume(n?) Reference

Gauging Well 0.7x1.5x0.7 0.74 HRT: 2.1min

Coagulatior 2.2x2.2x1.9 9.2 HRT: 26.3min

Flocculatior

Sedimentation 2.2x6.8x1.9 28.4 HRT: 1.35hr
CMF-s im? 24(16) module Pore : 0.lm

Gauging
Well

Cleanfil s-20
Membi

|
SR 2 Flocculaon | **+

M Mixer |1

——— — —

Inline Static Mixer

Figure 3-3. Flow chart of pilot plant(I WTP)

A AAE TG FUAEE 99
2 24 3 F AdEE AA sgon, Y 42 oA Batch operating
without aeration ¥ Continuos operating with aeratione H WA H 45 Y=
Al z~®lo] FAEo Q) H(Figure 3-4).
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42 LMH=Z A 38& A A HtH(Table 3-3).

Gauging
Well

Inline Static
Mixer

Coagulant

Flocculation

Tank

MF

Treatment
Tank

BMW Drain
Storage Tank

Figure 3-4. Schematic diagram of Pilot Plant(I WTP)

Table 3-3 Plant design spec(I WTP)

Distribution Sze(mBxmLxmH) Volume(m?’) Reference
Gauging Well 1.5x1.5x1.5 3.37 HRT: 48min
Mechanical Mixer 0.7x0.5x0.7 0.24 HRT: 4.6min
Inline Static Mixer Length: 40Cun, - HRT: 0.5sec
®: 4Cmn
Flocculation 1x1.5%1 15 HRT: 27n
Cleanfil $-20 1.6n? 4(3)module Pore : 0.1m
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Table 3-4 Plant design spec(I WTP)

Content

Distribution

Constant Pressure Filtration (0.2bar)

Filtration Type

350

Filtration Flow per Unit Cell (ml)

Operating Condition

Mass check interval (sec)
Pore Size (m)
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Table 3-5 Condition of the experimentation

G4 H F7
(min)
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3.8/2.1

3.8/2.1

EEEE

13/1.8 4.25 60.4 30
9.5/2 2.7

19.4/3.66

Batch operating without aeration system, 50@day
(Non-aeration filtration, B/W waste drain out ofembrane tank)
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Table 3-6 Condition of the experimentation
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Table 3-7 Condition of the experimentation

Al &
2y B FUFE 27 Feed I B
(melL) E/TOC E/TOC B A} .
(min)
0 4.2[2.7 4.212.7
0.43 2.6/2.7 3.1/2.6
0.63 3/2.8 3.6/2.7
49
%7 0.93 2.5/2.6 3.9/2.5 z 3
S 270095 30
13 2.9/3.1 4.3/2.8 o H
1.75 3.1/3.0 4.0/12.7
2.6 3.1/2.6 5.1/2.3

g

Batch operating without aeration system, 5@@day
(Non-aeration filtration, B/W waste drain out ofembrane tank)
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Table 3-8 Condition of the experimentation

CAF
72 NAF PAF
A B C D
Z71% (N- m/hr- m) 1.3 0.23 0.48 0.9 1.3
g9z 9 A3 Interval/Duration (min/sec) 15/30 15/30 15/30
Z717+ 4 i
+ 71347 Interval/Duration 0/0 (1-5)1 015
(min/min)
oo NAF or PAF or CAF system, 56i'/day
R (B/W waste drain out or retain of membrane tank)
- NAF
Air Scouring @ Non-Aeration Filtration
Operating Methods: Batch operating without aeration, Dead End, Backwash waste drain
Air Intensity : Fixed at the backwashing
- PAF
Air Scouring : Periodic Aeration Filtration
Al -] 8-

Operating Methods: Continuance operating with periodic aeration, Feed and Bleed, Backwash waste retain

Air Intensity : Changing at the filtration and backwashing

- CAF

Air Scouring : Continuance Aeration Filtration

Operating Methods: Continuance operating with aeration, Feed and Bleed, Backwash waste retain

Air Intensity : Changing at the filtration and backwashing




S
z <~ ™ £
) W -
Qp i
4 m & fori
T = RS2 so .t
1 d = - ) = 0 —~ ™ _
Rl rulny Lo 1_04 T 2 - -
- wa Ho mW o Hp ° = = Y o R rEE G
0y rs R o of = =Y X5 . a - : 2
i o] N . ® ” v g . 3
< " = £ owow " : - |
~ X L i B 31_ :
I by C) = 7 X S = :
pE < RO - & Z - 9 o5 X
» w—m - - el X YT T o oy i
. ;0 5 Al . <t my ME ~_
3 > i x5 < ™ sl B o N do w K o+
o © ﬁa _ P oo o T % 5 z ¥
i d T o S e = 52 7 i : % 3
N ~ M‘_ LL R T - 4 = o : HA : % oE
_ZU 7E ~ < Lo ~ ~ ,HL OH el
: IﬂDrl . i o) H et — Y M o) R M.H S jod
T B T o o e N ® = S ® - L
.y ; : i o T o F o mK
| : X < ¥ Ty S — 0o ay —~—
%o %o of >~ s o o Hor L R o TR 2
wr Ho w M ﬂwrﬂo. w_%xoaﬂm
* 5 = s W o s o = X
TN o R Iy %o T 4 )
: : n : k il o _ B f
_ﬁ — T ] 70 mm A L o T = i mﬁ ;
of oo T B - M TR & o XN s b T
~ %0 Iy I 0 B G .
o Lo o el ! ™ K~ = :
g L i3 B 5 L ol o © =) wy: o " o G
o - ol o ol o gr @ % o ;s :
O 5 - W o o & K i R Si: : :
M o T il wir G+ N ] >3 . £ :
: 3 - ’ o ohy ~ T o T < =
U_l : ﬂrL v 3 o Lt ~ Og ) ~ LOC fony ‘wﬂ% -— ~
™ I o GG < @ o o - -
235 o % ¢ = = FOT & w0
z 7 oo @ i N PR :
~ oy Gl ! = < Mo S T 5 < TP s Tz
xL alo%%% éﬁéﬂa ﬂﬁmzﬁ,g%ﬂa
. X ; AM U : OLO EE \Nﬂ E¢ ﬂ N _ZD \_IH_/I \mwu
~ e o < Ho  OP o T e ).o_ 3
,A \_lﬂ_/l ﬂ . : io E on _L o o
o oy © X oo BF g2 | ) .
| w3 LB w A.r Mg L N = . ®
" » E e < Of ~ T — —
~ @ M o Gl mw | " o W o H - - . .
~ ﬁ  ~ 0 =l B M ©
w0 - i o ) B3 = Lot
y ri = ™ T =] O#E R o
A e S S BT
o E ° M u]
=3 Z .
W o
o ;OT



0 r

Terrperature | 21~23 degres
Feed Turbidty © 4-20 MNTL
* Fl: - 60 4LMH

Ke (10%m 3

| =L

Direct Flocculation Sedmentstion
Process

Figure 4-1. Comparison of the membrane fouling index(K.) according to the

pretreatment process
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Figure 4-2. Comparison of the membrane fouling index(K.) according to

turbidity variation at the low turbidity
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Figure 4-3. The Correlation of the membrane fouling index(K.) and turbidity

variation at the high turbidity
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Figure 4-4. Comparison of the flux according to coagulation methods
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Figure 4-5. Comparison of the flux according to coagulation methods
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Figure 4-6. Comparison of the flux according to pretreatment process
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Figure 4-7. Comparison of the flux according to pretreatment process
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Figure 4-8. Comparison of the flux according to pretreatment process
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Figure 4-11. The result of jar-test by coagulant dose
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Figure 4-12. Resistance curve by coagulant dose
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Figure 4-13. Comparison of membrane fouling index(K.) according to coagulant

dose
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Figure 4-14. Comparison of floc size index(FSI) according to coagulant dose
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Figure 4-20. The influence of resistance according to the aeration intensity
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Figure 4-24. Comparison of turbidity according to pretreatment process on
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