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Abstract

A Study on the improvement of water treatment
efficiency by reuse of discharge in the
micro—filtration by water supply system

By Lee, Kun—Young
Advisor : Prof. LEE, in—hwa
Depar tment of Life Environment Engineering

Graduate School of Chosun University

The main purpose of standard water treatment process is removing the
turbidity and sterilize the microorganism which cause the disease. And the
interests about introduction of membrane filtration for advanced water
treatment facilities have been increased in domestic and overseas, due to
limit of treatment ability to Giadia /ambadia., Cryptosporidium parvum.
But the technology level of membrane filtration water treatment is
retained in laboratory or small scale pilot plant. And studies in safety
of water quality by long-time operation with combination process including
design, management factor and maintenance ability controlling the quality
of raw water is insufficient to applicate the process to commercial scale.

In this study, we development the commercial plant having 500m/d
capacity in filtration plant G which intakes pre-chlorine treated Han
river raw water, using actual scale pressure-type MF membrane that is
suitable for over 100,000m/d capacity plant. Using this plant, we
proposed the defect factor of raw water quality and suitable operation
conditions by operating during 3 years from 2004 to 2006. And we suggest
the stability data for treated water quality, economic feasibility factor

and management factors by evaluation of trouble form and operational



frequency. And we proposed check-list of diagnosing operation for membrane
filtration.

From the evaluating the tailorability of facilities which operates
mixture/coagulation/precipitation, submerged-MF membrane, mixture/GFF, mix
ture/3FM, we develope substitute method to overcome the disadvantages of
existing concentration/precipitation facilities through the wutilize
automation, stability, and minimize of site area.

From the such studies the potable water quality improved as like the
average turbidity maintained within 10.5 NTU. The average turbidity of
treated water in pressure-type MF membrane was less than 0.05 NTU, and
number of particle is less than 20/m¢ for any raw water quality variation.

The trouble factors of membrane filtration process to raw water were
turbidity, organism, algae, flavor - odor factor, temperature, and etc. So
we concluded that membrane filtration combination process which is able to
introduce for season is MF or UF + GAC(PAC) in from February to April,
pre—chlorine treatment + MF + GAC(PAC) in from March to June and in
October, and coagulation and precipitation + MF or UF combination in from
June to August.

From the results of analysis for organism in the raw water, the
SUVA(specific ultraviolet absorbance) value was average 1.82L/mg-m ',
hydrophilic low molecular, and it occurred with NOM(natural organic
material) form, which is not able to be removed by standard water
treatment process. And average TOC value of raw water during 2 years was
2.24mg/L while bound 3.47mg/L to 1.40mg/L.

Ouring experiment term, 16% of TOC was exist as particulate organic
matter, and 84% was dissolved matter. The TOC removal efficiency was 16%
in membrane filtration single direct filtration. And when operating in
pre-treatment process of which suitable amount of coagulant is 1/3~1/5 of
rapid sand filtration process, it was 30~50%, similar to standard water
treatment process. And after adapting the GAC process, TOC removal

efficiency increased up to 78%.

_Xi_



Based on the above results, we concluded that MF and UF membrane process
required pre-treament process |ike PAC(powder activated carbon) and
coagulation in water shortage period, and additional treatment process
like GAC(granule activated carbon).

With the result of analysing 2-MIB and Geosmin these are flavor - odor
factor and act as a defect factor of tap water in raw water by 2006, it
exceeded 10ng/L, which is Japanese over 6 month odor-occurrence standard
of the year. And 2-MIB occured in spring, Geosmin in summer and autumn.

With the result of evaluating remove efficiency targeting period of
which concentration of 2-MIB and Geosmin is high, remove efficiency was
almost nothing in coagulation MF membrane process with concentration. When
operating in PAC, GAC adsorption combination process, they are removed
less than 10ng/L, which is Japanese odor-occurrence standard of water
quality. Therefore, we conclude that activated carbon combination process
needs to remove 2-MIB and Geosmin which act as a factor of flavor - odor
occurrence in Han river area.

In the result of seasonal evaluation(from April to December) about
safety of treated water quality in submerged UF and pressure-type MF
membrane, it could satisfy 67 items that are monitored by Seoul city,
including water quality standard for drinking water.

In two water treatment facilities in standard water treatment process of
which capacity are over 1,000,000m/d, the electricity consumption
including additional installation, for example, lighting facilities which
is compared with total production for a year was 0.26~0.30kWh/m while
total electricity consumption in membrane filtration facilities is 0.38~
0.41kWh/m* .

In Han river water, we conclude that submerged UF and pressure type MF
membrane needs chemical cleaning(CIP) once in a 6~8 months, and typical
pollutant was organic matter. The average recovery of in submerged UF
membrane was 90%, pressure type membrane was 96%(Max:98, Min:88), so it

was stable during operation. Trouble occurrence during continued operation

- Xii -



in two years, the level of problem, for example, the damage of separation
membrane and module was mainly cause by pump, compressor, and valve that
are surroundings facilities.

From the field test, we found that membrane filtration process has many
advantages, for example, the treatment yield for purification of water
increase, and water quality increased consequently. More over, it was
another advantages in terms of economics accomplished for the size
reduction of plant and automation of reaction equipment. It was suggested
that mixture, coagulation, precipitation and membrane filtration sequence
by substituting sand filtration process in standard process as membrane
separation facilities. The separation and removal of suspended solids, for
example, turbidity and pathogenic microorganism, occurs by using pressure
type micro—filtration membrane. In terms of stability and efficiency in
the membrane filtration process, pre—treatment installing makes that water
quality maintained in the suitable ranges whatever introduced water
quality including alges and high turbidity. Such improve gave flexibility
to set membrane filtration in existing water treatment process accommodate
the change of raw water quality and faced for the reinforcement of
standards in water quality.

In spite of process was improved the facilities installed in standard
process as like turbidimeter, pH meter and thermometer could utilized for
monitoring the operation process. And particle count of algae was
introduced for control the important influence factor in the operating
membrane filtration course and data was acquisited analyzed in real time.
And we reviewed to choose condition for operating pre—treatment course
automatical ly which is depending on range of inputted data.

Though the applied GFF filter having ability for decrease of total
process recovery rate, it seems that we should considerate application of
PCF for decrease advantage of GFF due to use raw pump, stable quality of
operated water, and achievement of design recovery rate. With the result

of non-chemicals operated water experiment, change of fiber specification
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of PCF was 2000 Denier (D). When using fiber under 100 Filler(F), turbidity
of treated water remove efficiency 88.9%, captures 478.4 NTU/m" - frequency
and we achieved purpose. But remove efficiency was low in over 20 D/F of
turbidity. And we confirmed that there were differences of turbidity
remove efficiency depending on filtration line velocity in every fiber
specification. With the result of non-chemicals treated water experiment,
when using fiber with less than 2000 D and 110 F, we achieved purpose,
with turbidity remove efficiency of treated water 88.9% and capture
amounts 478.4/m" - frequency.

From result of this study, we could confirm that if we alternate
existing clarifiers type of emission water treatment facilities into PCF
of which site area is limited, its treatment efficiency and recovery rate
were favorable. Based on the obtained results, It was suggested that if
membrane filtration type is many supplied as a advanced water treatment

process with economical feasibility and improved for recovery of water.

Keyword : Micro-filtration, Pathogenic bacteria, Membrane Fouling,

Mixture-Coagulation-Sedimentation, Membrane separation, Algae count
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Table 2.1. History of membrane filtration process development in Japan
Prgg;gt MAC 21 New MAC 21 ACT 21 e-WATER
P(eyre'aord)s 1991~1993 1994~1996 1997~2001 2002~2004

Organic Higher pol lutants
. substance removal, compact,
. Turbidity and | (THyep, operating and Scale-up.
Object microorganism | micro—chemicals, management
removal taste and odor, technology, Total system
virus), sludge per formance
treatment) improvement
Merbrane MF/UF MF/UF /NF MF/UF, NF/RO MF/UF, NF/RO
Spervisor nggggg;k Japan water Japan water Japan water
association research center | research center | research center
Membrane pilot | DBPs reduce tech. Hybrid system, Devg(l)gﬁ)gegéngl;arlérge
Contents test and chemicals, taste water quality lant. reduce the
application and odor, virus, improvement, p environmental
research etc removal tech fouling control effect
Source | Edogawa river | North Chiba WTP
Water water etc. 9 plants Hukumas WTP etc | Yokohama WTP etc
Plants 35 _ Membrane 13
No. (Total 37)
: 6 months 3 years,
%ﬁ??ggg cont inuous long-term 5 years 3 years
operation operation
Per formance, High-per formance | Large scale membrane
) Cleaning, Hybrid process membrane, process, New-paradign
Main Operating test ME. UF. NF Efficient water treatment
purpose | control, Energy ’ ’ ’ physical tech. Total system,
consumpt ion, Ozone GAC cleaning, Safety for the
Reliance test Pre-treatment water supply
1.Turbidity 1.THWFP, color 1#32??%‘33'9
and colloids removal 1.Membrane, optimization
» E?m?¥a| 2.Possible 80~90% | 0zone, GAC, BAC | o timm CIP method,
011800 SaVE |t acovery by NF | hybrid process and module
3.Chemical save . . deve | ooment
4.Compact and 3.MF, UF for NF 's available 3.Module F?eu'se Lar
Results reliable pre-treatment 2. 0zone-resist “scale membranege
5 ElfOCeOS% /d 4.Cryptospor idium membr ane process development
ux 0.om/d at removed by MF, UF deve | opment 4\Water supply
TMP 98. 1kPa 5 W UF i ful X : quideline to
6.Recovery is WP U IS usetul 1 3 Air scrubbing eduee the
possible over for waste efficiency environment
90% concentration offect
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g ot AHdalo Jl=&, JHE BEd0l LdSEN ek JI1E Ald 1
THLHEE HAHSH =4 AAEN Ofst HARIF 2EUSHH &S] UM &
S EXN-29 - HHAES DE 2 (AIES =22 XsdEo=z2 HEE 210
2 AT

100
£
20 —s—total number of plants =
80 =
- b=
E :
Z o z
5 50 £
_E 40 f
E 30 <
Z 20 =
10 g
” O
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
Year
Fig. 2.1. Installed MF/UF water treatment plants in the world.
200
£ 150
2 100 7
z
=
E 50
) ]ﬂlﬂl%
0 .]]]]]]é — .II]]]]] [1 | Lol —
5000 nid below | 10000 md below | 50000 md below | 50000 uid over

|- Zenon 43 20 36 11

|I]]]J]Asal|i1{asei 48 12 11 4

|E Toray 24 3 0 0

Memcor 122 0 0 0

||:| Degremont 175 6 16 7

Fig. 2.2. Constructed plants by MF/UF manufacturing company

in the world.



NEWZEALAMD,
2% jAaPAM,
CANADA, 3% 1%s

MNETHERLAMND, 4%

FRAMNCE, 6%

Fig. 2.3. Treatment capacity of MF/UF plants for drinking water

in the world.
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200248 JIELZ %
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nx
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Olet 201 2 SE=2 9 HRAE S0 OE MU 2ot 022 =
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Table 2.2. Membrane treatment facility in the wor 1d(50,000m*/d over)

Capacity | Operating Supply
Plant name Country (mg/d) date(year) Sort Feature Comp.
Singa- Sur face water
Chestnut pore 272,520 2004 UF Enhanoed-coa. Zenon
Kamloops Canada 160, 106 2004 UF ! !
; Sur face water "
Racine U.S.A 189,250 2005 UF Filter water inflow
. Sur face water "
San Joaquin U.S.A 136,260 2005 UF Settled water inflow
Sur face water 0
Thornton U.S.A 189,250 2005 UF Direct filter
2006 Sur face water "
Scottsdale U.S.A 113,550 (plan) UF Enhanced-coa.
Lakeview 2006 Sur face water "
Region of Peel Canada 261,165 (plan) U Direct filter
Sur face raw water Asahi
00 U.S.A 75,700 2000 MF Pre-treatment Kase |
Sur face raw water 0
00 U.S.A 75,700 2002 MF Pre-treatment
%) | Australia | 126,010 | 2002 | WF - Mencor
Kenosha WTP U.S.A 82,520 1998 MF - "
Scotish Water B "
Invercannie WIP England 84,100 2004 MF
St Cloud France 100,000 2006 UF Sur face raw water | Degremont
Moscou Russia 275,000 | building UF Sur face raw water !
Angers France 120,000 | building UF Sur face raw water | Degremont
Del Rio U.S.A 106,000 1999 UF Sur face raw water !
feltet 2 o iz T2 0 A4 O CHOAH dgdE D Ay
= A0l AAOICH. D=1 78 S2 2JM0AM AR322 XotE =2 AIE
otle= 2didte 22l R2UiidE NESE A]22 MsSiHZL, =& =2
MAIE =2 HL 0IgsIt 2 8tH 22|Licte NSNS Saez 2
SHEUCH, &R2 2E0| 2S00 0|=20ILE L=20A LMlMst =52 A
DM A2E 2HQH AFDDF YOILIA 2YAD 1 SOt AIZHS EEZLA

QR
S
==
M0
o
Q



Table 2.3. Membrane filtration facility in Korea

Loca- | Capacity Applica- Operating | Memb- Remark
Plants | Sion (mé/d) tion cate(year) | rane | FE3NTe | (qumily cam.)
Sam- Gyun-— Industrial Without Zenon
sung agi 80,000 water 2001 UF Sdimentation Canada
S Research ! !
: Gyung— Drinking ) Asahi—kasei
Girye buk 300 water (pi lot) 2002 MF Equipment Japan
(KWCo)
! Gyun-— Drinking Flooulation, | Asahi—kasei
Sihung agi 3.600 water 2003 MF Sdimentation Japan
Gyun-— Drinking " Asahi—kasei
Edong agi 1,500 water 2004 UF Japan
S Research Asahi—kasei
Guu i Seoul 2,500 Derantkelrng 2004 MUFF/ Equipment Toray, Zeon,
(Seaul city) Degremong
Yang- | Gyun- Drinking Flooaulation, Degremong
dong agi 1,000 water 2005 Uk Sedimentat ion France
Gyun- Industrial Asahi—Kasei
LG 9gi 40,000 water 2005 MF Japan
Gong- | Chung- Drinking Flooaulation, Toray
ju nam 30,000 water 2009 W Sedimentation Japan
st H2 JIEOILE AFRA0AM MF, UF, RO & EMHEH S22 Xgst JIds &
+=J|E AMNEStLD, ME SEE 42 He M=2 2UotAL =H SUHAM
AHe-E IS Aot =%=22 20 92 32 2820 E BAHAM
A0l 2HIF He 8D M0 =230 As5tse 382 8 =S M
SE T Qs gHoIg
Jdedl 2824 222 st & 6l AlIE2 2 e AFERINA 2A=0A
CABIHU XA HEGHH 29t JUCH. S EXIF 2001EH 0 A=0M I
S o OS2 TG 50,000m°/d F20 UFLS MXI6tH S9atHA FMA
&0 OtAAMQ| EolEN et Ctest 22 AX&Z D UL,
stHE 2006 60 =80l JHAELZIM 5,000m°/d Olat2l & dUAIE0l X
cildl=g QIHECEN A7 EE0 Uist TLEED Wetd Hoz (aks
Ch. = -0ig E=&0 s 2 HilJls2 HES2 2004EH=2H StE=29
Eco-star project mItAIE 2 Z =& =2 SUHE & 22l ASEH M2l AIAE
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WBH2 LA X (pressure-driven)0ll 2ot
ol SHAIIIHA Ot - Zatoll 25t 2 {5l JI=0104, &
& (operation pressure), 2 Al3(membrane pore) ¥ Z&ZX(molecular
weight cut off, MNCO) SOl et L0t (micro-filtration, MF), &2l0{ut
(ultra-filtration, UF), Lt=0Oi1t(nano-filtration, NF) % &S (reverse
osmosis, RO) S22 st

Hr 2
Mo
o
N

o Zel HALSE2 MF= J1Z20 28t d HE=W, UFe M A8 S, RO
ol & =4&0IH, NF= UFQH ROSl S2tdAHO0ICH. 22l 3301 HOotE =

' MICROMOLECULAR| MICROPARTICLE MICROPARTICLE
IONIC RANGE | MOLECULAR RANGE RANGE RANGE RANGE
T T T T T T
SIZEMICRONS 0.001 0.01 0.1 1.0 10 100 1000
[
APPROXIMATE )
M OLECULARWEIGHT 100] 1000 20000 100000 500000
VIRUSES BACTERIA
+ > < e
AQUACUSSALTS ALGAE
RELATIME — e o
SIZE METALIONS HUMCACIDS cYsis SAND
OF 4 = o —1 > : b
VARCUS CLAYS SILT
MATERIALS - b e
IN ASBESTOSPEERS
WATER - P
MOLECULES COLLOIDS
* > o4 »| SUSPENDEDPARTICLS
NOM « L
REVERSEOSMOSIS
MICROFILTRATIOM
NANOFILTRATION
| CONVENTIONAL FILTRATION PROCESSES
ELECTRICDIALYSIS] | ULTRAFILTRATION |
PROCESSES | |
| COAGULATION
1 1 SANDACTIVATED
| Ac'i"VATED CARB|°N | CARBON (grains)
[

Fig. 2.4. Size ranges of membrane processes and contaminants.
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Table 2.4. Special ity depending on membrane separation process

Driving . ; Pore size Flux range
Process force(atm) Separation mechanism (zm) (Lt - hr - bar)
MF 0.1~2.0 Sieve 0.01 ~ 10 > 50
UF 0.1~5.0 sieve and adsorption 1~ 100nm 10 ~ 50
5 UF and RO ~
NF 5.0~20 intermediate nature <0.001 14 ~12
RO 10~100 dissolution and 0.1~0.001 0.05~ 1.4

diffusion

MFZ=2 JtE Qe JALE JH 22l U2 =2 1864F =2 SchoenbienOl =Z X
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Microfiltration

cells., colloeds,

suspended solids
MEMBERAN

selected

macromolecules g Wwater

Fig. 2.5. Schematic of micro-filtration.

O{EAI2HOI KIS S fluxIdb 240600 B MIAE0l Xotot

|0
HU
=
or
o
o
it
_O'j
=

15t St 22 MEGIH A M A (back washing)2 & Alct=d S22
10% Ol&h =H H&E3t, fluxIt =J12 90% O0latZ StetME S &l AlstCh

NEMZ MEZ=e FAA(citric acid), &b, QA SO Ab(acid)2 ZE1t
A2tS AtstotD Oed JHA RIISD 8H 2 280 38D S48 A0
£ HMStCH L2l (SASUES) 2t HHEEM= AN 08 RIIE MA
SHOZ MSEHLD, WagA(H0:), E2LE(HCHO 30% &% ) ¥ Xiota
AMUES(Na0CI) L 22 LA a7Me =2Helor 888 ARG A At
&0 Jdedl NaoCl, Cl, S2 Z4H Az7MesE 2o ATHE THAIZ = A2
S=Z X20= PWOF ME2 20| ArEZ 1D UL,

Table 2.5. Chemical cleaning agents and concentration

Chemicals Concentration(wt%)

Alkaline NaOH 0.4 ~5
HC| 0.05~5

Inorganic acid
H2S04 0.08 ~ 1
Oxidant NaOC| 0.05~2
Oxalic acid 0.1~ 1

Organic acid

Citric acid 0.5~2
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GMES AAE I SSMAL BR0= BE3Z0l 0.2um 0|5H0I1EZ2 =&
SWGIL BIlE SHEHA LI M0 22 1~5kgf/en’2 Z2AIH 2 AN=E
CZM o 452 3sAZE = UL

Z2 AANMZ HLE MHets WWS(FFZ Al0)2 |OIH P20 LWEd
(800C), AN & 2EIF =1 WOI2H0| 2=%0t0d Ct2otH A5 UCEH.

MF2 2 cross—flowlLt dead-end A0l AMFEE=0, B2 SSs&It =2
B0 = cross—flow HAI0| REHCH

ABE D U= MF2el SAl0l= plate type, spiral wound type, plate and

frame type, hollow fiber type, tubular type, ceramic type S0l U1, =L
MZEHHZ= Asahikasei, Mitsubishi rayon, Fuji Pall, Saturitos, Osmonics,
Millipore, Ondeo—degremont, Toray, =& AHDIZ, S2ULE, SKAHDZE, 2L

g, MZ2A S0l UL,

2.2.2 et 041t

UFSt2 1960 MichaelsOll QJall HS MHZEUCH. Z20| OIMBIHH =X0| A
o 2It55t0d, 22X 3AJI(Dalton)2 LIEINE 2E2XSS UFUQ 2elds
X T2 ALESHCY.
Fig. 2.601 LIEFH 20D 20| HICHE 222 SHE 150~250um0] D 2t
1mol 4, JIZ22 0.02~0.5um0| D =222 {~3kgf/cm?0ICh. =2t
Ol IR I M0 2FHIJF ®H AQECH UFXol 22X (0D MHE
0l 90% Ol&tol 2Xt2f)2 1802008t dalton@E2A & 0.001~0. 1 Ho| A
tH RIIZ2XH(10°moles/g), SHEHZE, HIOIHA, BN AMEES L §222Y
U L2 2FEH RIIS2 MAHE £ UKL 020U 01#RIIE2

SLCt.

1=

é
X
!
1> on

UF= B2 d3d 0dE2 MAI ==H0IH, - BM=EYN €2 EE
d NEXN |II=0ILE Ol2d8222 MAs2 222z 0lde 220 =0
ZYEHN e ER0=s SHY SES3E S ot XM2lotor otl, 3=
o 5Lt == ZER0=s EE F+-XclSE2Z HX2E dAEB2EMN XMils
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Fig. 2.6. Retention rating and MNCO for UF(Ex; MWCO : 4x 10* dalton).
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Table 2.6. Comparison of membrane products

Inside—out Outside-in I mmer sed
| tems
ggﬁ?fgé Nor i t Dﬁgg?— Asahi—Kasei Miﬂf Zenon | Memcor
Type UF UF UF UF MF MF UF MF
Hydra- Aqua- . Zeeweed
Mode| Cap Xflow SOUT Ge Microza CMF 500 CMFS
Pore
size(um) 0.025 | 0.025 0.01 0.003 0.1 0.1 0.04 0.1
MWCO 150kD 150kD 100kD 80kD - - 150kD -
Mater ial PES PES CA PAN PVDF PVDF PVDF PVOF
Sler 1 0.8/ | 0.8 | 077/ | 0.8 | 0.8/ |o0.275 | 0.75/ | 0.275/
(In/out) 1.3 1.5 0.93 1.4 1.4 0.55 1.95 0.55
TMP 0.4~ 0.07~ 0.2~
(bar ) 2 2 2 3 3 15 0.5 085
BI BI BI B | (¢ mBi‘“;h o | BN
BW CEBW CEBN | (finished | (NaOCI+ | (NaOCI+ | Inside | " -t 277 | (finished
water) Air) Air) Air oclig Al +Air)
: . dead dead dead dead
Filtration dead dead Cross— | cross-—
end+ end+ end+ end+
method crossflow end crossflow | crossflow | crossflow end flow flow
UFS& I WFEE2 BS MASEIF 0.INTU Olot2d 212, &2 4 28
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Ultraftiltration

acromolecules

MEMBRAN

salts

Microfiltration

o
ol cells, colloeds
5 95 cells, colloeds,
% suspended zolids
% MEMBEREAN
S
sElsetEr A % water

macromolecules ‘%@

Fig. 2.7. Membrane of UF/MF in filtration definition.

2.2.3 L=t
NFol ZZ2A2 520bar2 A MY S&S(low pressure reverse osmosis)ct
T =2l Aol PFES H= 222 MIAGt=0 o2&t HA HALIS
HE(sieving), E&H(diffusion) % HiKI(size exclusion)Oltd, EE&4
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Structure of typical tubular type membrane(Abcor Co.).
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Ol 240l= Z2E SOHAII0IH, O 20 HAHZI1, t2=4D], LEE
J10b AL SSEHM H22= Z2/HIEHIIZEUHI0IE &, 220t 3E82UEE
o S0l Ut

d==DIE BIIE Axd D2AYUE2 Axd D2X0 =I1E ZHoIH Fa
£ Sds 2 2E BEY0It. O S otlts Ol2uedIg s oo HE0|
1, OE otz =4 20l stsfy HEE OIS dAdZE S22
JIE Tote YEHOIT. =3 2,6-CIHESCIHEESAM0IZ 20l G20 =
otHH, 2,6-CIHEZSCIHEHSA0IE =X0 =ZJIE ZUAMA Ol2 WEsS
2= AHE 0| HELATH

o190 MEZE= MIFXNEDs(XEDLI0H, Zr0), &SL201s(A108),

=
carbon, SiC, CISZ& glass2, ALSIEIEIE(Ti0) S0I A0, Fa=Heloles X
e23s(NEDLIOH, 7r0), &3t 2015 (Al0;)
0l =2 Ar2=ct?,

Metsl a2 B3RN0 D fluxIt 20, 23 StH-ERIIF 20bar EE2 =1,
140C &9 N20AE WHWEA0l ZottH, 8 pH AWM 2&0| Jts0otCt.

0
Cet FIld 20l dloh WHEE, WS40l 210 JIAHE 2= 2 #OIC.

x

ofo| THES Table 2.701 LIEFH HIQF 2001 HLUOID Of, SHAGD o, LE=0f
Do Y SME O 0l ACHY.

= PVOF(polyvinylidene fluoride), Polyester, Polypropylene,
PTFE(polytetrafluoroethylene), Poly urethane, Polysulfon, Polyamide,

Nylon, Polycarbonate, Acrylonitrile polymer, Regenerated cellulose S0| Al

Ste{t 0l Polyethersulfone,  PVOF(polyvinylidene  fluoride),
Regenerated cellulose, Polysulfones, Polyamides, Poly carbonates,
Cellulose triacetate, Poly acryl nitrile, Acrylonitrile copolymers,
Polyvinyl chlorides, Polyethers, Polyeletrolyte complexes S0l AtEE Ct.

T Uy 2 2 dAM4E 20l= Polybenzimidazoles, Polyfuran resins,

Sulfonated polysul fon, Polyureas, Polyamide, Polypiperazinamides,
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Polyamines, Polyphenylene oxide, Polyethers, Regenerated Cellulose,
Cellulose Acetate-methacrylates, Cellulose Acetate-butyrates S0l AIET
H, 0l &2 2o XK= ME=Z= Polysulfon, Polypropylene, Fiberglass,

Polyester, Polyolefin, Polyurethane, Woven Glass 0| AtsECh.

Table 2.7. Material of membrane and application part

Material of membrane Using filter type
Cel lulose acetate(CA) MF, UF, RO
Cellulose teriacetate(CTA) MF, UF, RO
CA/Triacete blend (CA / TAB) RO
CA/Triacete nitrate (CA / TAN) MF
Cellulose(regenerated) (Ce) D
Polyacrilonitrile Copolymer (PAN) UF
PAN-Polyvinichloride copolymer [PAN-PVE (copolymer)] | MF, UF
Polyamide(aromatic) [PA (aromatic)] MF, UF, RO
Polyarylether Sulfone(polysulfone) [PAEtS] MF, UF
Polybenzimidiazole(PBL) RO
Polycarbonate(track-etched) [PC] MF
Polyester (track-etched) [PEs] MF
Polyimide[PI] UF, RO
Polypropylene [PP] MF
Polytetrafluoroethylene [PIFE] MF
Polyvinylchloride [PVC] MF
Polyvinylidenef luoride [PVF] UF
Mepheny lene—-diamine + Trimesoy| chloride(i) RO
Polyetheramine + Isophthloy!l chloride(i) RO
Polyetheramine + Toluene diisocyanate(i) RO
Polyacrylic acid + Hydrous ziroconium oxide(ii) UF, RO

note 1) (i) : surface layer of complex membrane, (ii) : surface layer of

dynamic membrane
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Table 2.9. Characteristics of advanced water treatment process combined
with MF/UF

Hybr id-
process

Source water

Features

PAC-
MF/UF

Source water of low organic
matter and shortly outbreak
periods(pesticide, color,
ABS, NH,~N, taste/odor,
etc.,)

°Pesticide, ABS, taste/odor, adsorption
using, low PAC(mg/L) conc.
°DBPFP, color adsorption using
high PAC(mg/L) conc.

05-PAC-
MF /UF

Source water of high
organics matter (pesticide,
taste/color, etc.,)
and low NHs~N

~Taste/odor, color, pesticide using Oz
oxidation and PAC adsorption
°DBPFP adsorption using high
PAC(mg/L) conc.

Biological
treatment-
MF/UF

Source water of high NHsN
and low biodegradable
taste/ color

°NHN biodegradable organic matter,
taste/color, Fe, Mn, removal
using aerobic biological
treatment

oMicroorganism, turbidity, and
micro powdered activated carbons
removal using MF/UF

MF /UF-
GAC

Source water of high
organics matter(pesticide,
ABS, color and NHsN)

oAfter turbidity removal using
MF/UF DOC adsorption using GAC

MF /UF-
05-GAC

Source water of very high
organics matter(pesticide,
ABS, color and NHsN)

°Taste/odor. color, pesticide
oxidation using 03
~Taste/odor, color, pesticide and
micro—organic matter adsorption
using GAC

Biological
treatment-
MF/UF-
05—GAC

Source water of very high
organics matter (pesticide,
ABS, color and NHsN,
taste/odor, THMFP)

oNHN biodegradable organic matter,
taste/color, Fe, Mn, removal
using aerobic biological
treatment

~Taste/odor, color, pesticide using
03 oxidation and micro-organic
matter, adsorption using GAC
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[cont inued]

Hybrid-

Source water Features
process
. . °NHs~N, biodegradable organic
Biological o
NHs=N, pesticide, ABS, matter, taste/odor, Fe, Mn, removal
treatment— . Lo .
E /UF— color etc., source water of | using aerobic biological treatment
GAC high organic matter oAfter turbidity removal using
MF/UF DOC adsorption using GAC
°NH,~N, biodegradable organic matter,
Biological NHs~N, THMFP, pesticide, taste/odor, Fe, Mn, removal using
treatment- ABS, taste/odor, color aerobic biological treatment
MF /UF- etc., source water of very | otaste/odor, color, pesticide using Os,
05-GAC high organic matter oxidation and microorganic matter,
adsorption using GAC
Groundwater of low turbidity | °D0C adsorption using GAC
GAC- Source  water  of  high | eMicroorganism, turbidity, and
MF/UF organic matter (pesticide, | micro powdered activated carbons
microorganics, color, etc.,) removal using MF/UF
Groundwater of low °DOC adsorption and oxidation
0 GAC- turbidity and source water using GAC and 03
° of high organic matter oMicroorganism, turbidity, and
MF/UF . . . . .
(pesticide, microorganics, micro powdered activated carbons
color, DBPFP, etc.,) removal using MF/UF
. . Groundwater of low °NHs—N, Fe, Mn, removal using aerobic
Biological L . .
turbidity and source water biological treatment
treatment- : : . . L
of high organic oMicroorganism, turbidity, and
GAC- o . .
VE JUF mat ter (NH;—N, pesticide, micro powdered activated carbons
color, DBPFP, etc.,) removal using MF/UF
°NHs~N, Fe, Mn, removal using aerobic
. . Groundwater of low . .
Biological turbidity and source water biological treatment
treatment- Y . . °D0C adsorption using GAC and 03
of high organic i . L
035-GAC- natter (We=N, pesticide oMicroorganism, turbidity, and
MF /UF P ' micro powdered activated carbons

color, DBPFP, etc.,)

removal using MF/UF
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Fig. 2.16. Procedure of membrane process design.
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Table 2.11. Operation parameters and cost for membrane process in water
treatment
Process Flux %preersastuirneg Spe(lzti;(ic Rveecrc;_ Total cost | Capacity
i) | GRS witibear) | G| WSS | ()
Conven— 2,000~ B _ B _
tional 10,000 0.15~0.85 | 380~17,000
Conventional
1044 GAC 0.55~1.15 | 380~17,000
0.1~0.11
68~170 0.3~2.1 8,700
MF 60~250 90~98 | 0.21~0.49 ’
100~1000 | 0.2~2.0 0.03~0 27 4,800
0.2~0.45
68~170 0.5~2.1 380~17,000
UF 60~250 90~98 0.1~0.2 '
50~200 1.0~5.0 0.04~0. 14 2,88056,20
25~34 5086 0.3~0.85
NF 20~50 5 O~2.0 5~10 75~95 | 0.34~0.96 | 380~17,000
10~100 ’ 0.16~0.53
Low 12~25 10.3~103
pressure RO 10~50 20~80 <95 50-80 | 0.23-0.92

18, 20, 23, 24, 25, 26, 27, 28)
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EEY I4H2NLY SHNBBIES o 22l BHOE WK 25-2F
EE-O DR WM FAMRIBHORA, Jtalol HUOD S 0|85
0f ST, YRS DIMZ2 S = 2O 22l NIt OIRUXH ECH /49
SHO| ¥BB Y0 IENL(BE-ST-FH)S Uadl 220 BE50]
SHGID, SUSMO UHILHDYE 89, ZRUCL S) M+ S o
2IZFO SHEBS HotAIIE FR0s JIZALS 2H0 MH2I) 012
OXEE oM & 22/2F ¥ MS89 AHAS AN JIH0IC

22 AN HHADH, o KB, HE2 MO8 B2 P2 = Y
of 2t RO SAES Q5IY LIS Table 2,129 2T}

Table 2.12. Speciality and function in accordance with process

Process Function and features
R-M o existing facilities is used by only simple waterway
mode if raw water quality is good
o coagulation/precipitation of colloid
Pre- : clay, protozoa, humic acid, etc.
treat- =Y o effective of removing organic material increases
ment . by-product of disinfection precursor
mode o stability of membrane filtration performance
increases by reduction of colloid
: soluble organic material, and etc
° separation and reduction of turbidity, virus,
Cryptospoidium sp., Giardia sp., and etc. of colloid
Membrane in raw water

filtration °

reduction of particular material which is flowed
from pre-treatment process : coagulated Floc, and etc.
substitution of existing sand filtration process

Orain
recycle

reuse reverse—cleaned and cleaned water from
membrane filtration process by using immersion
method membrane

total recovery increases

concentration of last discharged water increases
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Micro—filtration separation pilot plant diagram.

Fig. 3.1.

Inf luent -
2nd Coagulation tank tank
Permeate
B/W water
Bater
supply
Pump
Final effluent
B/W drain

PCF filter

Inclination plate

Permeate
inflent tank

J

Discharge

Discharge tank

Fig. 3.2. Micro-filtration membrane and PCF pilot plant diagram.
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Table 3.1. General drinking water treatment process

No.

Process

Specification Picture

PAC

contact
tank

storage vol. 0.72m*(W0.6xL2.0%H0.6) ,
inflow v/v(Pneumatic V/V), influent inflow |
meter (TOSHIBA) each lea. PAC contact tank
volume 7.2m° (W2.0x L2.0x H2.0), contact
tank agitator (Vertical, 360RPM), PAC §
storage tank (im®, vertical agitator
240RPM), PAC feed p/p(tube,500ccm > 30m),
influent pH(0~14), influent turbidity
meter (0.001~1000NTU), thermometer (0~5
0C)etc, each 1lea.

Contact with powdered activated carbon water treatment, which is the
usual one trillion flocculation, sedimentation, filtration, ozone,
chlorine taste and odor caused by substances that are not
removed(2-MIB, Geosmin, etc.), synthetic deter— gent, Phenol, HMs and
its precursors, chemicals and other organic material is used to
remove

Mix
tank

volume :0.6m*(W0.85xL0.85x%H0.85),
agitator (Vertical, 240RPM),

coagulant tank(1m°, vertical agitator
60RPM), coagulant feed p/p(Diqphragm,
500CCM % 30m), NaOCl tank(1m°,Diaphragm,
500CCM % 30m), NaOC| feed tank(Diaphragm,
500CCM x 30m)etc, each lea

———

Coagulant that is included in the influent of contaminants and
reacted in a very short period of time by electrical neutralization
and adsorption fine floc is used to generate.

Coagula-

tion tank

volume 5.2m*(W1.7 xL1.7 xH1.8)
coagulation tank agitator(Vertical,
60RPM)etc, each 3ea

Generated from the mix tank to grow fine
floc, can be filtered and settled floc can
be used to grow.

Sedimenta-

tion tank

inclination 3plate precipitation tank
volume :16.2m°(W1.7x L5.3%x H1.8)
precipitation tank reducer

reducer, 0.24RPM etc, each one

Cyclo M

Inclination plate is composed of sett-
ling, the precipitate floc aggregates
grown in support and in a subsequent
process that takes of upper water is a
facility.

Strainer

Strainer volume <0.5m, H1.5m,

The membrane before entering the influent
raw water that could damage the membrane
during the sharp foreign objects (shells,
etc.) by removing the membrane is to
protect the facility.
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Table 3.2. Equipment specification in process

Pro-

Tag-

Quan-

cess Equipment Number Specification tity Remarks
influent storage _ We00 x L2000 xH600, 0.72m'
tank TK=10T | effective volume : 0.41m 1| SSAt+Epoxy
Feed | inflow control ~ :
inflow /v FCV-101 | Pneumatic 1
influent TIOW | £10-101 | Toshiba i
meter
_ W2000 x L2000 xH2000, 8.0m
PAC contact tank| TK=102 | J%iociive volume @ 7.2 1| SS41+Epoxy
PAC gg”i{g‘férta”k AG-101 | Vertical, 360RPM, 1.5KW 1| Inverter
G PAC storage . @1080 x H1160, 1m
A tank CT-101 effective volume : 0.8m 1 PE
C PAC tank _ :
agitator AG-104 | Vertical, 240RPM, 0.75KW 1
pro- PAC feed p/p CP-101 | Tube, 500CCM x 30m, 0.2KW 1
cess i _ Range : 0~14 pH
influent pH PHIC-101 Output : DC 4~20mA 1
influent _ Range : 0.001~1000 NTU
turbidity meter | T®T=10T | oitput = 0C 4~20mA/RS232 1
influent _ Range : 0~50 C
thermometer Temp—101 Output : DC 4~20mA/RS232 1
. 5 W850 x L850 xHB850, 0.6m
mixing tank TK-103 effective volume : 0.4m 1 SS41+Epoxy
mixing tank _ ;
agitator AG-102 | Vertical, 240RPM, 0.4KW 1 Inverter
coagulant - 1080 x H1160, 1m’
Coa- storage tank CT-102 effective volume : 0.8m 1 PE
qula- coagulant .
tion feed p/p CP-102 | Diaphragm, 500CCMx 30m, 0.2KW 1
. 1080 x H1160, 1m
pro- NaOCl  tank CT-103 effective volume : 0.8m 1 PE
cess | NaOCl feed p/p CP-103 | Diaphragm, 500CCM X 30m 1
coagulation tank Esigﬁ?' g;?ggtE;GLJZ?Bmé(H1iqghf5‘2”f 3 SS41+Epoxy
coagulation tank| AG-103 :
agi tator A/B/C Vertical, 60RPM, 1.5KW 3 Inverter
Preci- inclination SS41+Epoxy
recl plate ko105 | W1700 x L5300 xH1800, 16.2m | | Plate type
pita=| precipitation effective volume : 15.5m (inclination
tion tank plate)
pro- ipitation
cess | Precipitatio DU-101 | Cyclo reducer, 0.24RPM, 0.75KW | 1

tank reducer
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[continued]

Pro-

Tag-

Quan-

cess Equipment Number Specification tity Remarks
Membrane s
: _ W1500 x L2500 xH1800, 6.75m
st&ggégm¥gﬁk TK=106 | offective volume : 6.0M 1| SS41+Epoxy
Membrane
influent storage| LS-104 | Electrode 1
tank level s/w
Membrane _ Centrifugal
inflow p/p | F1OMB | o8 /minx30m, 11.0KW 2
Membrane .
: Range : 0.01~100 NTU
inflow TUBT-201 . N
turbidity meter Output : DC 4~20mA/RS232
Membr ane Fla-100 | Range : 0.0~80.0 m° /Hr
inflow meter Output : DC 4~20mA/RS232
Membr ane _ W1500 x L1200 xH1800, 3.24m’
backwashing tank TK=201 effective volume : 2.90m 1 SS41+Epoxy
Membrane .
Range : 0.001~10 NTU
permeate TUBT-202 . -
turbidity meter Output : DC 4~20mA/RS232
Membr ane . 5 3
Mem- | permeate inflow| F1Q-101 gﬁ?gﬁtlzobg 39é8mﬂ/§§Esz
meter
brane
Membrane
backwashing tank | LS-107 | Electrode 1
level s/w
bro- Merb Centr i fugal
embrane . entrifuga
CeSS | packwashing p/p | 201 | 0.65m /minx30m, 7.5KW 1
Strainer TK-202 | @500 x H1500 1 STS304
. 1100 x H1500, 1.4m
CIP tank CT-201 effective volume : 1.2m 1 STS304
_ Centrifugal,
CIP feed p/p | CP=201 | 674w /minx20m, 3.7KW 1
temp. trans. TI-101 | 0~100C 1
CIP tank _
level s/w LS-105 | Electrode 1
. @460 x H760, 0.11m’
Dosing tank CT=202 | tfective volume : 1.0m 1 PE
Chlorine p/p CP-202 | Diaphragm, 100CCM X 30m, 0.2KW 1
Dosing tank _
level s/w LS-106 | Electrode 1
Air compressor AC-101 | Piston, 140¢ /min, 3KW 2
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[continued]

Pro- ) Tag- . ! Quan-
cess Equipment Number Specification tity Remarks
GAC division _ W440 x L3200 xH400, 0.56m
tank TK=301 effective volume : 0.5m 1 SS41+Epoxy
GAC division
GAC tank F1Q-102 | Electrode 1
inflow meter
Pro= | GAC division
cess tank LS-108 | Electrode 1
level s/w
GAC effluent _ W1455 x L1400 xH1450, 2.9m
tank TK-302 effective volume : 2.0m 1 PE
drain storage . W1530 x L1530 xH1530, 3.58m
tank TK=305 effective volume : 3.1m’ 1 SS4T+Epoxy
drain recovery ~ W1650 x L600 xH2175, 2.15m
tank TK-306 effective volume : 1.8m 1 SS4T+Epoxy
recovery tank | p 55 |4 5w jhr x 0.5hp 2 Timer
) supply p/p operation
Drain
water | recovery tank ) 3
. g Range : 0.0~10.0 m°/Hr
reco— permeatte inflow| FIQ-301 Output : DG 4~20 mA/RS232 1
very meter
recovery tank g 3
ro- oermeate P/P P-307 | 2.0m*/Hr 2 lea spare
cess
recovery tank TK-307 W800 x L600 xH400, 0.19m i
backwashing T/K effective volume : 0.16m
recovery tank . 3
. . Range : 0.0~2.0 m°/Hr
backwashing | FIQ=302 | 0+ 'pg 4-20 mA/RS232 1
inflow meter
Blower B-306 | 0.36m /min x3000mmAg x 1hp 2
Control oo w1, PLC, Operation console each
panel 1set
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3.2 &% u3d
Fig. 3.301l & GIIBREO Hel 5=E 2 UEINUCH. o HHE 0l 25t
UMM RS S8 0IME AN L FMES, X2 S2 M HE
o f

Soll MHdts EXI2 6 — AS/RF(

o

Wy,
oH
S

e HEXE 6.75m (W15 x 2.5 x HI1.8)20I0, & AARIIL 14 U
D, fUBEI= (0.8m°/2, centrifugal)=s 20, £ E5(0.01~100 NTU), £
o SEA(0~80 mP/hr), FMZEZ 3.24n°(W1.5 x L1.2 x H1.8), GIUIEETH
0 NTU), OIFSEAH(0~40 m’/hr), DH=Z Y& AR,

5 m’/=, centrifugal), CIP &3(&1.1m x H1.5m), CIP =LBI(0.4m%/
=, centrifugal), 2&ZH(0~100 TC), CIP &3 ¥ AX, FLHA(o
46m x HO.76m), &4 F=LE I (Diaphragm, 100CCM x 30m), FLHI &

|

0.
ALRIX, Air compressor S0| 102! UL,

Fig. 3.3. Membrane system.
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o 9H(MF)OI0Y, R0 EEE 33301 012t 29X & 0MES ot:

ro
0K
I

d 0.1um 0|5t =2 "= SSAF EES Jrga 20

&< 0.INTU Olctel Mel+=E MAS N SAH HJ34 0IM20! Hiolefas, M
S=2 4log Ol& HAHE D, S84 & = O - HME&2 HAH= 2-MIB,
GeosminOl 22t 10ng/L OlolE 222 &4 XHelZ2E S RHGISLC.

O 2ol THE S PVOF(Polyvinylidene fluoride)2 &0 UM L5 A

SO0 FZS A=A 140mm, 20| 2,227mm, =2| oF W2 36.8n° (& H|
oA 368m°) 0101, KHE S ME AFZ2 Table 3.310 290, Fig. 3.4= MFZ

O &= & AFMOIL, Fig. 3.5= MFEHSl SEM &8t 2H HEHOIC.

Table 3.3. Specification of separation membrane

| tems Specification
Model name XUNA-520A
Material PVDF(Polyvinylidene fluoride)
Membrane Diameter (10/0D) 0.7/1.2 mm
specifi- ;
Effective 2
cation membrane area 3.8 m
Pore size 0.1 ym
. 2
Operat ing Max. inlet pressure 3 kaf/cm
conditions oH scope 1~ 10
Membrane module size(mm) 2,227 L x 140 @
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«— TP-joint

Counter flange

‘4 O-rin;

EI/:HIHZE ™

Union socket

@[III]ZQ

T~

o]

Module connection

ounter flange

r

il |
e Uy

(U.S.A Texas) San Patricio
[300 module]

(U.S.A) Pittsburgh [530 module]

Fig. 3.4. Qut shape of membrane separation module.

XUNA-520A Cross section Inner surface Outer surface

Fig. 3.5. Surface shape of MF membrane in SEM pictures.
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3.3 &= MolE 33

Fig. 3.601 LIEFH BIQF 201 2 e @A & HEXE €22 22 &
2 012otd MHMelge2M &M AIA'CS 322 IMWE SMAIIILD, =S
iEte s&2 SIHAI210| f1st 2EEE LIEFLHALE.

Influent Drain water Permeate
division P recycle -«————— | backwashing,
tank system flushing

Backwash tank
—X—0O

NalC|

Recvcle

Feed water

-

Tubular type membrane
{submerged type)

e MWembrane tank

.Orain

BiE= MolE &0 A== 22 22 WASE0 DI

PO(Poly olefin) MZO0IL, =2l & 2E2 MSAID LBHEOI 2HXA2 Fig.
3.701 LIEFLAACH. 2 25 1JHS ¢ 20n° 0|1, & 2 £ 3Jjo0I22 N

M o ™2 60m° OICH,
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E5t 9 AN EXHelE 8 GFF(Gravity flow fiber) filter2t PCF(Pore
control fiber) filterQ &MHQX =, 38 Helx=&AHS A5 <o G
=% pilot plant & FA+E HASZ pilot &ES
= Fig. 3.8, 3.90i LtEFLHRALCE.

=
AAGIRCH, BEE

IUO
Il

* MF specifications

Type Tubular type(inside-out)
Material Palyolefin i y ,f /
Pore size  |0.4um i
Pressure 15 ~ -35cmHg R
pH 3~11 |
Dimensions |@ 300 = 1490 mm |Head B
Flux 250 - 830 L/HrMoi12.5-41 TLMH])
Area 20 m¥/ea
Application |Drinking water, drain Tubuilar
ermea E
Unlt hady |
I
i

Figure of application - Operating flow

Fig. 3.7. Membrane specification of discharge reuse process and

operating method.

-

—
Compressar \\

) Prieumat ic wiv p
Coatggll_:t tan & oylinder r—i—

C
— [ of
L =
@% |
’ x©
Concent rat ion to i +
aerat ion bazin A | Trﬁgggf
o i Filtrats
t@% Q-] fast
\ ,
\ e e Backwash water ,--'/

Fig. 3.8. GFF pilot diagram.
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Filtration Backwashing

Fig. 3.9. Structure of GFF filter.

3.4 24E X33

Fig. 3.1001 2f 04 XM2ls ZLOIA =OHEQl Hel2 8560 A5G0l LAt
SAHE GUERIC 2ETE LIEHH QAL

GAC 2HIE= 0.56m°(W0.44 x 13.2 x HO.4)20IH, SUYRSTH, Y& A2
X, MelaZ 2.9m°(W1.455 x L1.4 x H1.45) SOl 1944 QUCH

Fig. 3.10. GAC column.
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=cl 22 MF OIH, Table 3.4= =

& =0l

Table 3.4. General condition of separation membrane

JA
0P
[l
2

e

| tems Operating conditions

Model XUNA-520A
Temperature < 40T

pH 1~ 10
Max i mum Max. inlet pressure 3 bar
pressure Filtration 3 bar

- Operating 0.1 ~ 1.0 bar

Max. TMP 3 bar

Concentrate E

Permeate E

o

AS&RF
Drain

y ()
—

—
Compressor

D h Feed water
Raw water Strainer I:l

(i tank

H]
Permeate
tank

Fig. 3.11. MF system plot.
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Fig. 3.13. Filtration method of membrane separation.
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2. GAH=H
HAM= (Reverse filtration)2 timerl EAE AIZ2HH 2ol ANSEHOZ AlA
SICH, QA2 HUMEA SZ2AS 22 (shell side)dll =& NEHES A

Hote SHOZ AIHEIH PLCH Sloil MHsE2Z AAME I valveldt &3

eSS A AL

NE+= Ol RES(Permeate side)S S6t01 S3Ak(fiber)2l LHSO

N 22 ot flux2 2 1.0~1.5812 Rz =3HH, x> LR (feed

side) 2t === RE(concentrate side)Z &
SAM= (Reverse filtration)2 00 20~402 Ot & & 122t AN A

&0 ek HaAIZE 2 RF AIZES

ES
otH, ERAl EAE 1-5mg/Le &2 FYot:
A

A

ol

2 F
[l
D

r

oF 0.1~1.0mg/Lot |XNEE= &L NI & (Reverse filtration)2tO2 =ZAl
2 membrane EFHCO| NESO0| SAGHH HAHKX ez FI|EQ I GAl
= (air scrubbing)dt MRS SAlO AAIECZM membrane EH £== D

=29 FIMEQ HIIF 0l
Reverse filtration® O+ SEZ(permeate side)E HIUFE ZSZA
p—

(fiber)2 UWRUAH 222 3 HOtH, A+ FUF(feed side)OiINE=E
o4

9'j
2
1

LEIINE ARUA 2=0t0 s+ REF(concentrate side)2 SMEE 2
ot B HHESHCH. Ol SAMES(0 ALE)S RS fluxel 1.0~1.58 &
CE RXNGH BJ1&2 sm/hr - 28 KAISLH. I FMEE2 & 1220 &
HECEH
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Z2J| GANEO oo =22/, MHE DE2
HHE=ICH EHAS fx=(feed water)2 &

2 (concentrate side)2 ==},

S22 (feed side)llA 230

1o

O
1
HHH'

SEXAM Ot =12 2F ¥ dHSEQ HFFA(RSRUAM 0.1~1.0
AESHACH. AAMA Al SIITME (Air
ol MHE X

HM
°f 6HE) 2l A2

E 3= ot 2 6t AIABEIMN LEe 230 SEotH Al
g. 3.142t 20| st8® MH(Cleaning in place, CIP)S &
HIDOIS X 2 (irreversible fouling)S MOISHRACE.

2l &2 TMPIE 1.5~2.0 bar0fl <ot 9 2 (fouling)0l Lot A2
Ot8otn stetA ME(CIP)2 AAIGHH 2ZAH(E A D 2 alkaliE HZO0H AFE
AqCE. & Pilot plantOlild HEZQl NS G(filtration) —

{Z2JIHI&E (air scrubbing(AS/RF)) — =M= (flushing)} 2 Ml JtXl AlOI2Z &

Air Scrubbing > | Flushing | => | Flux Measurement
Flow rate:6m3/Hr

Time:1min

Air flow rate:SNm3/Hr

Time:1min

Preliminary rinse out

(3,000-5000ppn-NaClO
+1%-NaOH) x 8Hrs

> | Rinsing |=> | Flux Measurement

Permeate flow rate :1m3/Hr Criteria of end :PH<S8
Concentrate flow rate:0.5-1m3/Hr NaClO Conc.<0.05ppm
| Acid x 2Hrs | > | Rinsing |=> | Flux Measurement

Permeate flow rate :1m3Hr

Concentrate flow rate:0.5-1m3/Hr

Fig. 3.14. Chemical cleaning order and condition.

_64_



o

olZst monitoringe &
H, F=IEOZ AAH JI=E =XIAI2ID Fig. 3.15 ¥ Fig. 3.161t

S AUMAIR (pressure decay test)S & AIGHH testSHALH.

|'

AV-2 TP Joint
P-2
1] Av-3 QP
. =
AV-4
V
—s P-1
Compressed Air
sk —
AV-1 AV-7

Fig. 3.15. Integrity test order.
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Pressure decay test(integrity test) =AMe CS1H &2CH
1) Membrane AIAE!N & fiberl ZEMEE THo)| RSt SHEO=Z A ASHCE.

2) 2% 30l= =2l Particle counter monitoring@= AAISIH, FII&H2
E AAEQ JtE=2 SXIAIZILD pressure decay testE & AISHCEH.
3) Pressure decay test= L& 22[2S 1~2bar(1.0197~2.03%4 kgf/cr’)]S &
HAZE 20 Jtotd LAEX| 0l&ol 2r23&41(0.05bar over 2min)0| 2 &
& FiberJt &40 & A
4) Pressure decay testE &lAlctE SOt pilot plantl &9 pve pipeldlA S
o

Jlg=20l 22 e ZE0| o ASS LIEHHC.

Stainless steel
nail

Observe the air
bubble stream

Compressed AIR——|
Close

Fill the permeate| | Insert nail into the

Integrity Test side with water end of hollow fibers

Leakage repair method Leakage repairing example

Fig. 3.16. Pin repair method and repairing example.

A A MAIE (Pressure decay test)2 2A A (EE 1~2 bar)S LEAIZ
QEON Ototd LA OlAtel A2AEA(50 milli-bar)0l ZEEH SIS ADE =
AQl & ANOoZ mCotD, A2 AIE (pressure decay test)2 A Alole Sot
AAEIS &Y pye TOIZHA BIE28 S22 H2EECEM e 22 W =
2AS EAMUEE THAESHH S0, SZ2AF 22|20 &A= 2102 HHE AL
Fig. 3.171F 20| stainless steel nail @2 22| &S B48 & MBS &
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Open Look for bubbles in clear coupling

Compressed AIR —

Close

-1

Fig. 3.17. Integrity test method.
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Table 3.5. General condition of submerged membrane

| tems Operating conditions
Type Tubular type(inside-out)
Material Polyolefin
pH 3 ~ 11
Flux 250~830 L/Hr/Mo(12.5~41.7LMH)
Operating pressure 15 ~ -35 cmHg

Y BT o HAML0 SHEIZE QS GFF filterel &HQIXH(E 2 el
Z2)E AZ=ol)| fAoll G A% pilot plant & FAHEE HASCZ pilot & E

i
2
]
=
N
2
=S
Bl
0l
i
i
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r . ™
tl Compressor B \
[ -y Coagulat en Gy EEATUL o
. (#) $»
wgrer -Q v .
&)
Concentrat ion to
aerat ion basin s Treated
Filtrats Yatet
tank
| {
"\\ A Backwash water _,;
Fig. 3.18. GFF pilot diagram.
3. PCF(Pore control fiber)& 0|28t &+ X2l &&

Y B4 o oNao BHIS 9I8t PCF filtere &XMQAXHE4E, Hels
Z)E HSot)| foll G A% pilot plant & FMHEE UHASZ pilot AES
AAIGHR D, Fig. 3.190 LIEFLHRACE.

G =& Pilot plant& &0 A 2009.3.11~2009.3. 137Kl 32t 2H dIRS
0, YU 24 n'/d(AEFL 12 n*/d)0lD, SEME 17%2 PACL(108H 3 A
EQ)E FLUGIULH. A2 MR, FAHASE, A2, HUEEE & S
= 245Ut
J,/’ﬂ_ (.‘nmprﬂmrh‘“ ¥
i Y

Pneumatic v/v “fa \
& cylinder +—b

HF y
Backwash water @ g ©
@X | -
: D:raln:
h0p 1 R R E ~
O_;A'“' ®- nlhtr?ta
LoF ¥ 5
] = )
\\\H_ KU Fon Bldwer Backwash water i

Fig. 3.19. PCF pilot diagram.
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, o |, O Kt DA/HE S, GAC XM2l=<
NEIb &= et g=0 &%, X+, T0C, DOC,

Moz ZAOIAULE.

&S HACH 2100AN(HACHAF, =2)2 0IE56tH SHGIAMH LRk

= HIAC/ROYCOALS] particle counter 9064 0| &35t =& GHULY.

TOC= TOC analyzer (Dohrmann DC-180)E 0I5t ZAGIA LD, W AMEE
0.2um cellulose nitrate (IHXIZ O St = HP 8453 UV/VIS =& & A (HACH
DR4000)E AtE0I0 THE 254nmOllM E2 ST E =HoIULE.

THMs & THUFP 242 purge and trap (Tekmar LSC 3000)22 ®EA RIS
= 2J|, &8t = Varian GC 3600 CXE 0/&06tH ECDZ =4 oHAULCtH.

HAAFP (haloacetic acid formation potential)e= GC/MS2t Varian GC 3600CX2t
autosampler 82000 £ =& GC(ECD)E AtEGHULY.

Geosminit 2-MIB 242 GC/MS(HP 5890 11 /MSD 5972)

59100, 2ol oo EH L HE

e
o
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]
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2
4+ 0z
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22
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=
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0 MHE S 2HES o)
M A=A &0|A (scanning electron microscope, SEM, JEOL JSM-35, Japan) A&
S HESITLE.

FT-IR 242 FT-IR &4 JI(Thermo NICOLET, NEXUS, USA)E AtESIASMH, MF
[m]

Stb tubular 282 QIHZE2 AEE2 32 AIES HMAGHH SsIHESAIEDI
(U.T.M, INSTRON 4465, USA)S O0I8ct0d =45t LD, 2o ZF3IJI=

oo J
_O'ﬂ
X
]
0
_O'ﬂ
9
o

capillary flow porometer (CFP-1200-AE, USA)S A}

of CHet =Z4as2 S837F ZEg&IdUstE Hes SEANELEU 2ot =&

=
iruss 23, |MSZ29 Cryptospoidium sp, Giardia sp= 23 & A&

Ct. MFE ScIststd SEd XAl 121 240U
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Fig. 4.1. Variation of algae in raw water during experiment period.
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Fig. 4.2. Variation of algae types in raw water during

exper iment period.
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Viscosity increase ratio(%)
-10.9
30
55
79

temperature, scope 0~30C

n(cp.) = 1.77-0.052T+0.0067T°
— 73 —

Viscosity(cp.)
0.891
1.00
1.30
1.55
1.79

Viscosity calculation,

25
20

Table 4.2. Changes and correction of viscosity by raw water temperature
Temperature(T)
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Fig. 4.3. Corelationship of turbidity and TMP.
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Fig. 4.4. Variation of TMP according to coagulant dosing.
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Table 4.3. Result of analysis of drinking water with R-M mode

| stan- Influent Permeate Recycle water

[tems | Unit dard ) ) )
max. min. javg. | max. min. javg. | max. | min. |(avg.
Jeneral loum | 100 | 928 | ND | 143| 1.0 | NO | 0.1 648 | ND |592
ol som| ND | ND | N | - | ND | NO | - | NO | NO | -
E.coli |/100m| ND ND ND - ND ND - ND ND -
Pb mg/L | 0.05 ND ND - ND ND - ND ND -
F mg/L | 1.5 ND ND - ND ND - ND ND -
As mg/L | 0.05 | ND ND - ND ND - ND ND -
Se mg/L | 0.01 ND ND - ND ND - ND ND -
Ha mg/L | 0.001| ND ND - ND ND - ND ND -
CN mg/L | 0.01 ND ND - ND ND - ND ND -
cr*® Img/L| 005 ND | ND | - | NDO | NO | - | ND| ND | -
NHs-N | mg/L | 0.5 | 0.05 ND |0.01) ND ND - ND ND -
NOs=N | mg/L | 10 | 2.70 | 1.40 |1.76/2.00 | 1.20 |1.65] 2.0 | 1.3 | 1.7
Cd mg/L | 0.005| ND ND - ND ND - ND ND -
B mg/L | 0.3 ND ND - ND ND - ND ND -
Phenol | mg/L | 0.005| ND ND - ND ND - ND ND -
Diazinon| mg/L | 0.02 | ND ND - ND ND - ND ND -
Pare I mg/L | 0.06 | ND | ND | - | ND | ND | - | ND | ND | -
Fenitro™ g/ | 0.04 | N0 | N0 | - | ND | ND | - | NO | NO | -
Carbaryl| mg/L | 0.07 | ND ND - ND ND - ND ND -
B mg/L| 0.1 | NO | ND | - | ND| ND | - | ND| ND | -
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[cont inued]

Stan- Influent Permeate Recycle water

Items | Unit "4 g . . .
max. | min. | avg. | max. | min. | avg. | max. | min. | avg.

Eﬁ%ﬁ% mg/L| 0.01 | N0 | ND - ND | ND - ND | ND -
Trichlor= i loos| ™ | ™o | - | o | | - | o | o | -
oethylene ng :
Dichloro= \ v looe| o | o | - | o | o | - | N | N | -
methane | ™ :
Benzene | mg/L | 0.01 ND ND - ND ND - ND ND -
Toluene | mg/L | 0.7 | ND | ND - |0.001] Nd |0.0001] NDO | WD -
ggﬁgg;; m/L 003 N0 | N | - | w | M| - | N | o | -
Xylenes | mg/L | 0.5 ND ND - ND ND - ND ND -
J&;jﬁfﬂgé mg/L| 0.03| ND | ND - ND | ND - ND | ND -
oo Img/L |0.002] ND | ND | - | NO | NO | - | NO | NO | -
DBCP | mg/L |0.003| ND | ND - ND | ND - D | ND -
THMs | mg/L | 0.1 |0.0470] ND |0.0271 0.046|0.004| 0.026 | 0.032 | 0.011|0.01729
Cr}g?}f‘ mg/L | 0.08 [0.0446] ND |0.0230|0.0451(0.0037|0.0222|0.0309/0.0118|0.01843

CH mg/L | 0.03 |0.0197| ND |0.0105/0.0179] ND |0.0095|0.0032| ND [0.0011

DBAN mg/L | 0.1 |0.0013] ND |0.0007|0.0013] ND |0.0007|0.0012| ND |0.00048

DCAN mg/L | 0.09 |0.0045 ND |0.0029|0.0044| ND |0.0023|0.002| ND |0.0013

TCAN mg/L | 0.004 | ND ND - ND ND - ND ND -

HAAs mg/L | 0.1 |0.0463/0.0142|0.0267 |0.0477]0.0031| 0.0224 |0.0333|0.0039|0.01925

Hardness | mg/L | 300 68 39 50 66.0 | 37.0 | 49.1 67 38 50

KMnO,4 mg/L| 10 | 5.90 | 2.40 | 4.24 | 4.0 1.9 3.0 6.7 | 3.2 | 4.975

Odor - less Good | Good | Good | Good | Good - Good | Good -
Taste - Tlagéi— Good | Good | Good | Good | Good - Good | Good -

Cu mg/L | 1.0 |0.010| ND | 0.001 ND ND - ND ND -
Color |Unit| 5.0 | 4.00 | ND 1.07 ND ND - ND ND -
ABS mg/L| 0.5 ND ND - ND ND - ND ND -
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[cont inued]

Influent Permeate Recycle water
ltems |Unit %ﬁﬁﬁ; . . .
max. | min. | avg. | max. | min. | avg. | max. | min. | avg.
pH - 5885_ 7.70 | 7.20 | 7.40 | 8.00 | 7.20 | 7.56 | 7.8 7.3 | 7.475
n mg/L 1 0.016| ND |0.005/0.004| ND |0.001]| 0.003 ND |0.00175
Cl mg/L | 250 16 6 10 14.0 1 7.0 9.2 15 8 12
Sgoltiad's mg/L| 500 | 225 | 97 | 150 |210.0| 99.0 | 140.9| 191 | 143 | 157.5
Fe mg/L | 0.3 | 1.03 ND 0.10 ND ND - 1.2 ND |0.10288
Mn mg/L| 0.3 [0.071| ND [0.016| ND ND - 0.073 ND  |0.00564
Turbidity| NTU | 0.5 |17.60| 1.01 | 5.76 | 0.17 | 0.07 | 0.11 | 0.34 | 0.11 ]0.20357
S04 mg/L | 200 | 13.0 ND 9.3 | 183.0] 7.0 9.7 14 8 11
Al mg/L | 0.2 | 5.78 ND 0.85 | 0.10 ND 0.01 2.1 ND  |0.20071
Ca’ mg/L - 18.59| ND | 13.47|18.93| 7.08 | 13.37 | 17.58 | 6.992 |13.4156
Geosmin | mg/L| - |14.25| ND | 1.02 | ND ND - |6.82206| ND |4.87607
2-MIB | mg/L - 6.78 ND 0.48 ND ND - ND ND -
00C mg/L - 3.017 | 1.749|2.286 | 2.681 | 1.549 | 1.882 | 6.853 | 2.195 | 3.286
TOC mg/L - 4.008 2.182|2.694 |3.296 | 1.653 | 2.118 | 8.106 | 2.435 |3.82171
THUFP | mg/L - 0.2300.046 | 0.108 | 0.120 | 0.027 | 0.081 | 0.165 | 0.052 |0.10193
UVoss cm’! - 10.0433]0.0303|0.0375]0.0373]0.0235|0.0319| 0.0567 | 0.0304 |0.04542
Alkalinity| mg/L - 46.0 | 31.0 | 37.9 | 44.0 | 32.0 | 37.1 45 30 [36.8571
SS mg/L - 14.0 | 3.2 7.7 5.2 0.4 1.6 4.8 0.4 |1.22857
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Table 4.4. Result of analysis of drinking water with F-M mode

't |stan- Influent Permeate Recycle water
ems Unit [ “4ard : : :
max. | min. |avg.| max. | min. |avg. | max. | min. | avg.
Jeneral e | 100 | 1,120 N0 185 | N0 | NO | - | 500 | ND | 243
okl oo N | N0 | N0 | - | W | w0 | - | W | W -
E.coli /100mL | ND ND ND - ND ND - ND ND -
Pb mg/L | 0.05 ND ND - ND ND - ND ND -
F mg/L | 1.5 ND ND - ND ND - ND ND -
As mg/L | 0.05 | ND ND - ND ND - ND ND -
Se mg/L | 0.01 ND ND - ND ND - ND ND -
Hg mg/L | 0.001| NOD ND - ND ND - ND ND -
CN mg/L | 0.01 ND ND - ND ND - ND ND -
cor® mg/L | 0.05| ND | ND | - | ND | ND - NO|OND | -
NHz-N mg/L | 0.5 | 0.15 ND 0.03| 0.05 ND |0.003| ND ND -
NOz-N mg/L 10 2.7 | 1.30 11.80| 2.20 | 0.90 | 1.80 | 2.1 1.5 | 1.8
Cd mg/L | 0.005| NOD ND - ND ND - ND ND -
B mg/L | 0.3 ND ND - ND ND - ND ND -
Phenol mg/L | 0.005| NOD ND - ND ND - ND ND -
Diazinon | mg/L | 0.02 | ND ND - ND ND - ND ND -
Parathion | mg/L | 0.06 | ND ND - ND ND - ND ND -
Fenitrothion| mg/L | 0.04 | ND ND - ND ND - ND ND -
Carbary| mg/L | 0.07 | ND ND - ND ND - ND ND -
LLEIICho™ mg/L | 0.1 | NO | ND | - | ND | ND | - | ND | NO | -
Tl rach o | ma/L | 0.01 |0.001| N0 | - 0.001| N0 | - | N | NO | -
T oo™ I ma/L | 0.03| o | N0 | - [0.001] WO | - | N | MO | -
Dichioro™ | my/L | 0.02| N | N0 | - | N | N | - | N0 | NO | -
Benzene mg/L | 0.01 ND ND - ND ND - ND ND -
Toluene mg/L | 0.7 |0.002| ND ]0.0002| 0.001 | ND |0.0001| 0.001 ND |0.0002
Sty I mg/L | 0.03] N0 | ND | - | N0 | N | - | NO | ND | -
Xylenes mg/L | 0.5 ND ND - ND ND - ND ND -
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[cont inued]

. |Stan- Influent Permeate Recycle water
[ tems Unit | "4arg . . .

max. | min. | avg. | max. | min. | avg. | max. | min. | avg.
Foothtoo | mg/L | 0.03 |0.007 | D |0.0004/0.002| NO |0.0002]0.009| ND |0.002

rotnbon I mg/L| 0002 | NO | NO | - | ND | ND | - | N0 | ND | -

0BCP mg/L | 0.003 ND ND - ND ND - ND ND -
THMs mg/L | 0.1 [0.045| ND |0.0233|0.042|0.005|0.021|0.041]0.006|0.017
Chloroform | mg/L | 0.08 |0.0321| ND |0.0185|0.0417/0.0010/0.0167|0.0159|0.0079/0.0121
CH mg/L | 0.03 |0.0165| ND |0.0059|0.0178| ND |0.0062|0.0188| ND |0.0047
DBAN mg/L | 0.1 ]0.0010| ND |0.0003|0.0021| ND |0.0005|0.001| ND |0.0005
DCAN mg/L | 0.09 [0.0078| ND |0.0021/0.0083| ND |0.0020|0.004 | ND |0.0009

TCAN mg/L | 0.004 | ND ND - ND ND - ND ND -
HAAs mg/L | 0.1 ]0.0479| ND |0.0180|0.0529|0.0012|0.0220(0.0346|0.0056(0.02138
Hardness | mg/L | 300 66 28 54 1 66.0 | 33.0 | 54.9 | 67 47 | 57.4
KMNnO4 mg/L | 10 0.5 1.9 | 4.77 | 3.2 | 0.4 | 2.0 | 6.8 3 4.24

Odor - Oldé)srs_ Good | Good | Good | Good | Good - Good | Good -

Taste - Tlazég— Good | Good | Good | Good | Good - Good | Good -

Cu mg/L | 1.0 0 ND |0.004| ND ND - ND ND -
Color Unit| 5.0 26 ND | 3.12 ND ND - 1 ND 0.2
ABS mg/L | 0.5 ND ND - ND ND - ND ND -

pH - 5885_ 7.8 6.8 |7.36  7.80|680 743 | 7.8 | 7.3 | 7.52

n mg/L 1 0.044| ND {0.008|0.008| ND |0.002|0.006| ND |0.003

Cl™ mg/L | 250 17 6 11 20.0 | 2.0 | 12.3 | 20 10 15.4
Total solids| mg/L | 500 | 491 112 175 | 214.0 | 107.0 | 149.2 | 224 115 160
Fe mg/L | 0.3 | 0.52 ND | 0.09 ND ND - 0.12 ND | 0.01

Mn mg/L | 0.3 [0.207| ND |0.022|0.049| ND |0.003|0.049| ND |0.005
Turbidity | NTU | 0.5 |63.60| 2.11 | 8.48 | 0.18 | 0.05 | 0.09 | 4.25 | 0.09 | 0.50
S04~ mg/L | 200 16 ND 10.8 | 16.0 | 2.0 | 11.2 15 10 12.6

Al mg/L | 0.2 | 3.32 ND | 0.25 | 0.12 ND | 0.03 | 0.4 ND | 0.1

Cca’ mg/L - 124.92] ND |17.09|25.08 | 8.82 | 17.78 | 24.49 | 9.88 | 17.69
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[cont inued]

Influent Permeate Recycle water
Items |Unit %ﬁﬁﬁ; . . .
max. |min.| avg. | max. | min. |avg.| max. | min. | avg.
Geosmin | mg/L - |2.4305] ND |1.96E-06/ ND ND - |1.85E05 ND |9.44E-07
2-MIB | mg/L - |5.0406] ND |1.94E-07| ND ND - ND ND -
D0C mg/L - 3.140 |1.308| 2.249 | 2.345|0.687 |1.647| 3.86 | 1.325| 2.485
TOC mg/L - 3.466 | 1.633| 2.490 | 2.685|0.879|1.831| 4.549 | 1.404 | 2.748
THMFP | mg/L - 0.124 10.055| 0.083 | 0.097 | 0.037 |0.063| 0.139 |0.023 | 0.075
UVasa cm’ - 0.0744 10.023| 0.0366 [0.0407|0.0129|0.0208| 0.0647 |0.0203| 0.0322
Alkalinity| mg/L - 49 18.0 | 40.1 | 47.0 | 7.0 | 38.0 47 7 37
SS mg/L - 363.0 | 0.4 | 34.1 56 | 0.4 | 0.9 16.4 0.4 2.4
Table 4.5. Water quality by R-M mode pre-treatment
| tems Unit Influent Membrane Removal (%) Remarks
influent
Turbidity NTU 5.764 4.596 20.26
D0C mg/L 2.286 2.343 (-)2.49 |increase( 1)
TOC mg/L 2.694 2.717 (-)0.85 |increase( 1)
THVFP mg/L 0.108 0.091 15.74
THMs mg/L 0.027 0.028 (-)3.70 |increase( 1)
UVzss cm' 0.037 0.036 2.70
KMnO4 mg/L 4.236 4.500 (-)6.23 |increase( 1)
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Table 4.6. Water quality by F-M mode pre-treatment

| tems Unit Influent Membrane Removal (%) | Remarks
influent
Turbidity NTU 8.48 4.98 41.27 max.
00C mg/L 2.249 1.807 19.65
TOC mg/L 2.490 2.020 18.88
THVFP mg/L 0.083 0.071 14.46
THVs mg/L 0.0233 0.0220 5.58 min.
UVass cm”! 0.0366 0.0246 32.79
KMnO4 mg/L 4.77 3.26 31.66

Table 4.7. Operating mode with analysis times

Anglysis Times Modes Cogggégg%r;??g;ng Remarks
times (mg/L as Alx0s)
1~8 8 F-M mode 1.650 ~ 2.20
9~12 4 R-M mode -
13 1 F-M mode 1.66
14 1 R-M mode -
over—injected due to
15~21 7 F-M mode 1.630 ~ 8.30 |once breakdown of
coagulant injecting pump
22~27 6 R-M mode -
28~32 5 F-M mode 1.420 ~ 1.49
33~35 3 R-M mode -
36~40 5 F-M mode 1.460 ~ 1.47
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SHH, Table 4.80l= B&EZ T0C, Waxs ¥ EEH RII2(00C)2 B2

HotE LIEFLHRACH. TOC, UVess & DOC 25 & O = SHESH

o 2+2F OF 51.4%, 78.7% ¥ 54.8%IF MAHEUJCH. 0lH=2 < ol
28t MHKRIIZ(Natural organic material : NOM) 25 20| EHEH(GAC)E
HAUMN MG S, MAZ=E Hez AI2E L.

60% WtHE 20| '

ni
Ol 27~42% HMAHE= A
ﬂ

Table 4.8. Variation of DOC removal in process

Analysis items Mﬁ??&gg? Permeate GAC effluent
TOC(mg/L) 2.263 1.932 1.100
UVasa(cm—1) 0.0287 0.0247 0.0061
DOC(mg/L) 1.995 1.729 0.900

m
ol
o
o
HU
>
FO
HO

o+M BH(H X
Ao, EEl HAHO THUES MHWEXOZ TTHM(total trihalomethane)Ol

8tCt. CHCls, CHBrClz, CHBroClo, CHBrsE S&ot0 THMs L= THWeSH SHC.

THUFPS 201 & 2 10.3%2 HMHEACH, THIsE 4.17% HMHEE 2002
S0l 0SS ASSASN ASS2AS9 MRSE2 U022 GUG0HT HO MA
CXl &= 222 LIEIRCH 0l THMs 222 2X20] 500 015t HE2A 2
Z0|22 2 MB(Pore Size) 2CH 0t 2 O{BOIAE IO ALK = 22
2 AZEC 22 o o) 2= THIsS MM HED| Mo o

Ol =0l 248 MsE =9 2ds 218 A0l UL.
Table 4.1001 LIEFH 230 201 2 G =2 THUsS SHEHGAC)SEHXE
DAID|IH oF 54.2%°] MIA=SES LHELRUCEH
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Table 4.100l= & et EHE S =2 2-MIB, Geosmin ¥ THWsSl
He sEE2 UEIHACH. < B2t Geosmin ZE# =&E= 22
0.481+ 1.02 mg/LOIR2Lt & Dt =0= A=K LUCH. 2-MIBLH Geosmin
Al THUIsHE S X0l 500 Olatel MEA 220122 9 M= (Pore Size)=2Ch
0 & UM =E HA MAHEXN 2= 212
Geosminit 2-MIB= =S=Jt &I 20 & 6=
CHEICE.
MetA A==l OF, YAl & ASRAZ2 I
==l

GAC &0l IS 2 E Lottty BEEICH

Table 4.9. Water quality in membrane separation process

| tems Unit MﬁT?LSR? Permeate | Removal(%) | Remarks
Turbidity NTU 4.85 0.10 97.94 | max.
00C mg/L 1.995 1.729 13.33
TOC mg/L 2.263 1.932 14.63
THVFP mg/L 0.078 0.070 10.26
THVs mg/L 0.024 0.023 417 | min.
UVass cm’! 0.0287 0.0247 13.94
KMnO4 mg/L 3.69 2.4 34.96

Table 4.10. Taste, odor and DBPs concentrations for membrane permeate and
GAC effluent

| tems 2-M1B(mg/L) Geosmin(mg/L) THMs (mg/L)
Membrane
influent 0.48 1.02 0.024
Permeate No detect No detect 0.023
GAC effluent No detect No detect 0.011
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4.4.4 8 o USEHTG}
Fig. 4.120l= & o S&J|2F =9 2 2T HSIE UEHRS0, ot

=C= 1.5 n°/m° - dOICt. O Al 4 r

Ol BBt 0SS 0125610 AR XS 20T 202 B 0|0

(Table 4.11).

H
TMP 5= TMP ,* um 4.1>

t

Table 4.11. TMP change of Membrane filtration

Main process (MF)
| tems ) )
T™MP (kgf/cm?) TMP20 (kgf/cm®)
Max i mum 1.09 1.11
Minimum 0.27 0.27
Average 0.52 0.48
25 1.2
2|:|_.... 1.0
151 los .~
o —&%— Temp. E
£ —o— TM P, ikgtem ) £
E mdl. . MR, 20 kptiem R ey ...._n_s E
= (L e =
=
54 -0
[ chemical cleaning .
o T T T T T T T T 0.z
P o © o o o o © o
T Lyl o r- o0 [=] = = oy
2 o 2 o z ! z z 5
(=] (=] (=] = = = = (=] (=]
DATE

Fig. 4.12. Variation of transmembrane pressure(TMP).
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Table 4.12. Turbidity and particle counting for membrane permeate

[ tem Turbidity(NTU) Particle counts(ea/mL)

Average 0.10 20 ea under

Table 4.130l= <& O4t=2| AXr== Z LRV(Log removal value)2t 20| &=
= B AR Yl 2 b2 fiber 1~7(cutting =)JtXl 5/102 S¢ot
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Table 4.13. Particle number and LRV for membrane permeate

Fibﬁiﬁﬁiﬁti”g 1 gm 2 /m 1~5m f:T?gfy) LRV | LRV(avg)
Influent avg.| 5,033 3,305 833,815
F-01-05 avg. 80 23 103 99.99 3.91 4.30
F-01-10 avg. 11 6 17 100.0 4.69
F-02-05 avg. 327 189 516 99.94 3.21 3.23
F-02-10 avg. 289 168 457 99.95 3.26
F-03-05 avg. 1080 581 1,661 99.80 2.70 2.80
F-03-10 avg. 663 370 1,033 99.88 2.91
F-04-05 avg. 706 363 1,069 99.87 2.89 2.90
F-04-10 avg. 708 347 1,055 99.87 2.90
F-05-05 avg. 1,274 706 1,980 99.76 2.62 2.65
F-05-10 avg. 1,097 657 1,754 99.79 2.68
F-06-05 avg. 1,265 789 2,054 99.75 2.61 2.61
F-06-10 avg. 1,301 781 2,083 99.75 2.60
F-07-05 avg. 1,475 890 2,365 99.72 2.55 2.55
F-07-10 avg. 1,482 887 2,369 99.72 2.55

i LRV

40

| 35
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Fig. 4.15. LRV depending on 5avg/10avg.
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1 guranted water guality will be achieved
0
(1 2 3 4 5 5

Fig. 4.16. Membrane fracture water guarantee.

1. POT(Pressure decay monitoring) test
5t 9 ot AIAE Y Fiberl ZEOWRE BHGH| I8 X2z POT
(Pressure decay monitoring) testS & AISHRULC.

2% S0l & idt== =H0l Particle counter monitoring2 2 & AIGHH,
FIHoz AAEC Jts2 ZSKXAIIILD pressure decay test(POT)E &l AlGtH
Ol, POT test= 2& LH(EE 100 kPa)2 LAAIZH(5E) 2=0 Jtotd &
Xl Olatol A& 4&1(3kPa/5min)0l 2EEH fiberdt &40 & 2092 HHC
Ct. POT testE &AISt= SO pilot plant2 £Y pve pipefild SIS0

2O AAl Y RSO0l AAE 2OR mO

J
o 0d

|ﬂJ_J
e

X9, = eipI|2 Sore o

[ [y =

M0

5
&DJ12H0] Ot POT testOl Sloff fiberJt &atel X2 €AY == QUL
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4.5 HHOIH A (Virus) ¥ RMEE

4.5.1 B0l A S Z 1
Table 4.140l= Virus AEMFA Al & 2 3 &=52 XAHZ2 UEIWD,

Table 4.150l= &AED|2t & & 23|9| virus 242 UE LEHHACE.

= Al
= A8 9 Kidtz=, MOIZ XMel=0lM= virusdt 2K &0t etE=E X
cl=E = = UAUAXN L F==0A BHOIHAAIN HELHK 2= A2 =2 I =
A0 AISE A= 8L MU 2 22 AIZEL

Table 4.14. Virus sampling conditions

Sampling times 1st 2nd
Recycle Recycle
| tems Influent |Permeate water Influent |Permeate water
Temperature(T) 19 17.0 19.0 21.3 22.6 244
pH 7.26 7.49 7.89 7.65 7.68 7.81

Turbidity(NTU) 10.8 0.07 0.14 41.0 0.01 0.20

Residual

) 0.45 0.14 0.15 0.98 0.47 0.1
chlorine(mg/L)

Table 4.15. Virus analysis result(ist, 2nd)

Total culturable
virus analysis result Total MPN )
| tems Virus type
1st 2nd 1st 2nd
Influent Negative Negative 0 0 -
Permeate Negative Negative 0 0 -
Recycle Negative Negative 0 0 -
water
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Table 4.16. Analysis result of protozoa

Sampling times 1st 2nd
Membrane | Recycle Membrane | Recycle
sample name Influent Influent
permeate| water permeate| water
Cryptospoidium sp.
(follicular/10L) 0 0 0 0 0 0
Giardia sp.
(follicular/10L) 1 0 0 2 0 0
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4.6 Ui

= Mole =&

4.6.1 &2 =23

2 d70lMe = SEY | TOAN BIEZ= GM+= & AE+E XS
Tubular 2422 T HUSIH Hite= A2 2 BUHHXN LD 22 st S
HOZ HHEEH ECh. Table 4.172 &= MO8 BEHS HF =&ES LIEH
24 0ICt.

&= 87 74.6 NTUZ R€, 0.39 NTUZ =& &3 99.5%2 MAHES
LIEHHA LM, RII=22 Fe2t Mn2l B0 Z 2F2F 32.3%% 79.2%2 =2 HAHE
= 2RACH. eflt T0C2t DOC, UVess2l SR 0= 2F2F 25.8%%t 26.8%, 18.4%2
HNAHES LIEIWHO B =0 dlol MAHE0l R2 X222 LEHRCH

TS(B L82)= HAHE0| 63.8%2 EXE 2 HUUHA 2RI DE2(VS)0l
2Ol MAHEX &20F MO8 s5&= UL =2 U222 LIEtSCH. £8 THOl
9 T0C s&= 3.12 mg/L2 2 Kt =% 1.93 mg/L ECt 2F 62% = HH
== A2 LIEUL HiEr &2 FXNE 2 WA RIId =22 AHAS
=2tZ D] 201 RA0 SHAHDE U= H22 BEHEICH

Table 4.17. Water quality for discharge water in reuse process

tens Unit aBnadckfw|ausshhiinngg R;Zixgie Avg. (ro/‘()e)moval
Turbidity NTU 74.6 0.39 99.48
00C mg/L 3.727 2.765 25.81
TOC mg/L 4.265 3.124 26.75
UVasa om”! 0.0452 0.0369 18.36
THMs mg/L 0.039 0.017 56.41
TS mg/L 439.4 157.5 63.81
Fe mg/L 0.065 0.108 32.31
Mn mg/L 0.024 0.006 79.17
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BHE+ MHOIZ2 SEWAS S L= BHSE Fig. 4.1701 LEHH 2210 20l
=2 TS(& 1&8=2)= 150~1200 mg/LOIGY, EXI WO TS= 200~9, 100
mg/LS HRANM s=EIUCH

Fig. 4.181t 20| RYL= B2 TS s&= 439.4 mg/L2 UEIRSH, Bi=

= Molg SHUAM s=EHe 52 Bz TS= 2,67/9.4 mg/L2M B <
6.1t s=&= N2=Z2 LIERCH. £8F It & 522 TS= F A=l
BloH =IO 2180 A sFEHe= X222 LERCH

Olet 201 HHE= MO8 =

o =]
JHAIZ 28 OtLict MOIEE = Mel=2 =E2E ARl Ho=Z LIEHRTH
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Fig. 4.17. Changes TS of raw and concentrated water in

discharged water reuse process.
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2679.4 mg/fL

g 1000 ——
________ ___________________ Zé

Backwaszh water - Cocentrate water

Fig. 4.18. Average TS of raw and concentrated water in

discharged water reuse process.

4.6.2 BiZE= % Gt YHHAS

Fig. 4.1901 2 041
A TMP20

IS
—
F=222 2

04
ror
>
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o
a
-
QO

=
D

N
o

Table 4.18. TMP changes of membrane filtration

Drain recycle process (MF)
| tems
TMP (kgf/cm?) TMP20 (kgf/cm?)
Max imum 0.66 0.68
Minimum 0.05 0.05
Average 0.18 0.18
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Table 4.182 BiE4 MOIE Z=XOl A XSO TMP BIGIS LIEHH 240ICH,
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Fig. 4.19. Variation of TMP in discharge water.
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Fig. 4.20. Variation of recovery ratio.

- 104 -



9 JAM==2 =22 Ez 50 NTU, =0 150~200 NTUZ Ol afotd, Ot = 10~25
NTU LHRIZ2 XMel=0i0F B0 =2 HMASE0l RFAEHNX=E &40 OtLIEZ &
4,199 20 & M= Mel8 85I GFFeF

8 &8Xcl Fiber= =01 &0t & MXcl0l HefotiH, & FAl= Xl Fibers

=301 HAM D=sS IS0 HESICt.

Table 4.19. Comparison of membrane pre-treatment and inverse-washing fiber

filtration
| tems Membrane fpirbee—rtreatment Membrane backwashing fiber
Denier 2600 4000
Filler 220 110
Yarn 120 88
gap small. membrane gap large. high concentration
Feature )
pre-treatment good drain good

* D(Denier) : 1 Yarn in the 9000m when the weight(g)

* F(Filler) : The number of strips on 1 Yarn

= Y(Yarn) : fiber configuration minimum unit. 1 module is the basic unit
filter mediummedia configuration represented in the number

of Yarn
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4.7.2 PCFet GFFE 0|S8 HiE+ Xcl Hlw

HARHUI| AL
GFF filter= Table 4.200t 20l 235 & &35t= Denier/filler(D/F)S gt
(et 8RE HFGHH A2 AASIKI2nH, 1 210 D/F 22 =IO 53.3, =A
11.8 HSIE LIEFHRALCE.

Table 4.20. Specification of GFF filter

NO Denier Filler Yarn D/F
1 4000 75 88 53.3
2 4000 110 88 36.4
3 4000 110 140 36.4
4 3500 75 152 46.7
5 2600 110 100 23.6
6 2600 110 160 23.6
7 2600 220 160 11.8
8 2000 110 200 18.2
9 2000 110 160 18.2

* D/F : proportional to the diameter of the filler and the final value of
determining pore filter mediummedia.

PCF filter= table
(et a2 A Al

4.211
1+ D/

my

o =3

nio
0&

A 5k= Denier/filler(D/F)S 20l

gt ICH 46.7, =2~ 11.8 EIE UEHHRUL.

2
Uy

-

o
b

(@)

Table 4.21. Specification of PCF filter

NO Denier Filler 1Yarn 2Yarn 3Yarn D/F
1 2600 220 320 400 480 11.8
2 4000 110 320 400 480 36.4
3 3500 75 280 360 440 46.7
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2. STA =0l OHE &< HA Hu

Fig. 4.212 GFF & PCFE AIE6tH pH 7.8 & pH 100 S&E X 0l SHAIS &
sk 2 MAHESES UEHH 210ICH pH 7.8 100l GFFE AtE8t 222 &§ &
.6

%2k 60.8%011), PCFE AtSet FR0l= 22 96.9%2F 93.8%
Z M GFFECH PCFEl 011 4501 19.3~33.0% &= R=0otR2M, pH 7.82 M It

& S HMAES0l =UALCE
250 100
e e TR { 80
=)
L | T { 60l @
& 2
Q = Raw Water bt
z s
£ 100 f----| E=TreatWater |-------<---ooo- 1 40 L;
= o~ Removal(%) 3
L] | RS S 20 E
19.6
- 4.4
0 0
GFF-7.8 PCF-7.8 GFE-10 PCF-10
pH

Fig. 4.21. Comparison water quality on no chemicals-dosing GFF and PCF.

Fig. 4.220ll= GFF ¥ PCFE AIE0tH R &=+E pH 1022 XJe =, SEHA
OIS0 A2 E0 Al €529 HHSE822 UEIUHACH. SEHM(PAC) EAHH2 5
mg/LOICt.

GFFE AtEet 32 S&M DIFH Al FHAIS X MHSE2 242 79.6%
et 68.8%01 1) PCFE At&st d20= 22 99.0%2 91.3%2 Al GFFECH PCF2l (A
I 4501 =0t H, L5t ST HE AMEot= REL AIE6HA 2= 3%
Jb17.56~19.4% B2 &2 MAH=SE0| =}L.

- 107 -



Turbidity (NTU)

250 P
yd 99.0 e 013
79.6 i
1171 | -ty A = Raw Water 1 80
= “---.___:.:!4 == Treat Water
150 |----146.0 1430 e Removal(®e) |- 60 g
©
et
m
s
g
E%

100

GFF-0Oppm

GFF-5ppm

PCF-0ppm
PAC(ppm)

PCF-5ppm

Fig. 4.22. Comparison water guality on no chemicals and chemicals

dosing pH unadjusted.

Table 4.22. PCF pH changes and PACL dosing exper iment

Fiber | Quantity = PACL Turbidity(NTU)
3
No (n/d) (ppm) Influent Effluent | Removal(%)
0 25.6 0.8 96.9
7.8 0 145 1.5 99.0
0 115 10.0 91.3
1 12 0 34.5 5.5 84.1
10 41.5 3.9 90.6
9.8
20 150 13 91.3
30 150 22 85.3
0 240 15 93.8
15 200 45 77.5
2 12 10
20 150 13 91.3
30 150 22 85.3
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Fig. 4.211t 4.22°2 &8 Z0E Tabl
GFF2t PCFE AIE0I0 pH & S 20l 2 &52 MAHASE=2 F
o )l 250AM pHOt E=+5 L8 SEMH SHE0 Z=+=5 A
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Table 4.23. GFF pH changes and PAC dosing exper iment

Fiber | Quantity Turbidity(NTU)

No (m*/d) P | PAGL(pom) Influent | Effluent | Removal (%)

0 19.6 4.4 77.6

7.8 0 140 28.5 79.6

5 120 37.5 68.8

1 30 0 46. 1 4.6 90.0

98 10 81.6 33 59.6

20 166 93 44 .0

30 200 94.5 52.8

8.4 0 106 24.2 77.2

6.7 5 180 24 86.7

10 220 130 40.9

0 181 71 60.8

9.4 5 170 87 48.8

10 160 92 42.5

2 30 20 156 120 23.1

75 0 140 28.5 79.6

10 143 26.5 81.5

0 181 71 60.8

0 10 155 22 85.8

20 166 76 54.2

30 160 93 41.9
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3. ({IAIZH0I E BE HAHEE

Table 4.24%F 4.25= GFF2 PCFE AtEotH S&E M DIENH Al &% HtJ|2
O/FgtOll HE E=2 MAHSES UEUHRUCE. Table LHS fiber No= table 4.20
ot 2101 Db 20l 22 GFF2H PCFol M2t 2 Ct.

GFFE &S 2000 Denier, 110 filler Olotel &
Al el 6.4~ -S| A EEl2Fo] 2T gl 240 NTU/m® - 3
ol OIXIX H, deniers &0t &&9 ZE
20l B2

B0 PCF= &
A (35000, 75F)

MetA olZF2 & E
= Al 700 NTU/m” - &

£ HEOIRULE.

(.
m
e
>E

>
n &
4]
@ o

ol
59 I
Q
9
FIO
@
M
m
1o
2
3]
=
N
=)

°>5£>HJJ@0

Table 4.24. GFF filter data changes experiment

Eiber F itlitorna— WE:ET;Q Turbidity(NTU)
No. (min) (%) Influent | Effluent ReT;\)/al (Nﬁitm)ztgi?;es)
1 - - 19.6 4.4 77.6 -
2 22 22.7 140 28.5 79.6 .7
3 22 22.7 170 24 85.9 101.7
4 45 1.1 145 23.5 83.8 173.1
5 - - 105 22 79.0 -
6 - - 65 16 75.4 -
7 25 20.0 40 2.2 94.5 29.9
8 31 16.1 80 15 81.3 63.8
20 25.0 172 21 87.8 95.6
9 44 11.4 48 7.5 84.4 56.4
13 41.7 195 26 86.7 69.6
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Table 4.25. Experiment variation of PCF filter specification

: _ _ Turbidity(NTU)
Fiber | Quality Fi I_tra Bacl_<
3 tion | washing
No. (m’/d) tire(min) (%) Influ- | Efflu- | Removal | Captures
ent ent (%) (NTU/IE - times)
1 12 71 5.6 25.6 0.8 96.9 176. 1
12 30 13.3 240 15 93.8 675.0
2
12 44 9.1 140 0.6 99.6 613.4
30 35 11.4 150 1.5 99.0 1,299.4
3
30 55 7.3 110 1.4 98.7 1,493.3
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4. BHILE UF

Table 4.2601l GFF 9% &%= 2 PCF 38 8RS AIE6tH ASAIE0H HESIUS
el &M 2+~ Hln HES ZWUE UHEHUHJUCH

GFFE AISE 32 MISH sl+82 B ST UM 98.9%(0.4% 24), DES
A= 94.3%(1.5% 22)011) HtBE S22 89.4%(7.10% 24), DEZUHA
= 61.2%(27.0% 2A)2 A & ol OIXIX RotA2Lt, BHHO| PCFE AESH &
Sols dH SEEU 6 SEE0 AN EAH &0l 2&EotHL T =2 2
=2 UEHHRUCEH 0I2 20l a2 2HE EUZ 0l =2 HA0AME s
MOIE AAEM PCFE & X0t A=ZotCH

Table 4.26. Design and real operating efficiency compare

Real operating(%)
| tems Plan(%)
GFF PCF
average ~
Total turbidity 99.3 98.9(-0.4) 99.4(+0.1)
process plan
L 99.0 97.8(-1.2 99.1(4+0.1
recovery turbidity ( ) ( )
ratio hioh 95.8 94.3(-1.5) | 96.0(+0.2)
turbidity
average
o . A7 .3(10.
Filtration turbidity %.5 89.4(-7.1) 97.3(+0.8)
rocess
b plan 90.8 68.9(-21.9) | 93.3(+2.5)
recovery turbidity
ratio hioh 88.2 61.2(-27.0) | 91.9(43.7)
turbidity
filter (m?) 2.0x1.2=2.4 2.0x1.2=2.4 | 1.2x1.2=1.4
Area MIPeNing |y 4oy 13128 - -
vat (m")
% 100 % 65 % 39 %

* Planning value satisfied effluent quality.
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4.7.3 PCFE 0|28t & &=+ el
Y =% of ANx=2 EXelE s PCF filtere BHCIXHEI2=E, H2l£=E)
£ S0 /o G A& pilot plant & HAH+E HASCZ Pilot &2 & Al
:

SH+EE Table 4.2701 LIEHHRAULCE.

Table 4.27. Pilot experiment target

In—turbidity | Out-turbidity Contact Recovery Captures
(NTU) (NTU) time(min) ratio(%) | (NTU/if - times)
50.6 10.1(80%) 143 96.3 183.4
151 22.7(85%) 55 90.3 223.5
198 25.7(87%) 44 87.6 240. 1

Table 4.28~300l & SAM=2| =X2IE ?e 2HAUXNE S o
N&2 PCFE AME0tH EE HMHEEW XY L 3+ HES ZUE LIE
LH UACH.
PCFE

ol

>

FPEICO MHEE2 Table 4.28 L 4,299 A= M D/F3t0] 18.2
Jb 88.9~98.3%2 It LS, L=
ot =0 829 MHE
0l 2.1~3.3n°/hr, 04Dt 0.2

PO O tAIZE2 30222 OtEGHH 2E EULCEH.
=22 PCF filter &RAIY Hata & Z 1t 2000 Denier, 110 filler Ol
A 8.

2 Al M2ld 5% MHS 88.9% L EE 2 478 4 NTU/m - 312 AE

o op
r

i
=
0
2
0

=
_|
—
=
ol
HU
10

¥
0
2
1]
I
o

Q
B
IJ
2
A
|

. 110 F ERALE Al Eil%tg @ =& 300 NTU/M - 31, &3 &% 500
E

32
20000, 1M0F EgXAH2 Y & 224X
HXl 96.5%0H M 95. A o
90.8%UHIAM 91.9%=2 1.1% SIt, LE T Al
(table 4.30).

rr
(e¢]
N
2
2
x
(<o}
e
QL
2
HU
CD
2
Ol
J
Qi
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1. §F AN BigtxA

PCF FilterS Table 4.2810 20| =5 & 45t= Denier/Filler(D/F)2l gt H
SOl ek =0 36.4, =4 11.8 HRAUWM &R SN AEaIOH

Table 4.28. Specification of PCF filter(lIl)

NO Denier Filler 1Yarn 2Yarn 3Yarn D/F
1 4000 110 320 400 480 36.4
2 2600 110 400 500 680 23.6
3 2600 220 440 560 752 1.8
4 2000 110 580 700 900 18.2

2. PCF 8RHE B3
Table 4.29%2+ 20| & Ol PCF filter &=ME B3 A& Z1 2000 O,
110 F 0I3t2l &2 A2 Al M2l 5% MAS 88.9% L E22f 478.4 NTU/m” - 3

2 ABSOE UGS, D/FJF 2001401 SR No 1, 20lA= E & M0
LHOICH E£3 M HSALUA OiBM=E B 12 EE HMHE0| X012 &
ols o=z =olg ULt

&S NO 49! 2000 Denier, 110 filler 882 MHE L HLEAS s NS
A S TEZS HWR ET Al 300 NTU/m’ - 3], A3 & Al 500 NTU/m” -

3|, DEFTAl 550 NTU/m? - 8l2 HEE & QARACE.
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Table 4.29. Experiment variation of PCF filter specification

Turbidity(NTU)

R R FpgL | Back
Fﬁ:r 1ﬂi:: pressure | time wsz?}gg 1= Effluent Rem- Caﬁureg
(mipr) | (kaf/art) | (min) | () uent oval (NTU/m
avg. | scope (%) | /time)
50 | 0~0 5 ~ | 140 |21.0| 3.5~49 | 79.8 | -
1 | 3.0 | 0~0 8 - | 10.0|32.8 82~5 |70.2| -
2.0 | 0~0 | 11 - | 1100 |30.4 32~44 | 72.4| -
50 | 0~0 7 - | 89.6|85 23-18.9|9.5| -
2.0 | 0~0 | 20 - | 93.6|070 o06~0.82|9.3| -
3.0 | 0~0.01 | 9 - 1 95.7 |25.0] 0323 | 73.9| -
: 2.0 | 0.01~02 | 14 - | 9.7 3.0 24~318|68.7| -
1.0 | 0.1~0.2 | 14 - 103.0 |20.0| 19.1~21.0 | 80.6 | -
2.0 | 0~0 18 - 185051 |0m121|9%0| -
2.0 | 00~07 | 60 | 7.8 | 87.8| 2.2 07~47|97.5 342.4
4.0 | 00~09 | 15 | 15.6 | 100 | 6.9 | 0.67~16.6 93.1| 186.2
’ 4.0 | 00~08 | 18 | 13.0 | 91.9 | 9.9 | 0.88~2.9| 89.2 | 196.8
3.2 | 00-02 | 16 | (25 974 | 44 om0 955 S0
4 3.3 | 00-02 | 30 | (2| 97.6 10.8] 1.0-260  88.9 | o>
2.1 | 00-00 | 30 | S& 7.0 13]09-225 983 00
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w
I

Hal+8 4

PCF filter 41 87X

0

[

nio

Y HAT SRANN NS A B STHAM 548
S SEX| 96.5%0 M 95.7%2 0.8% 2AGHACE.

Table 4.300t 20| 2H EZ0A d+=E2 SHX

=Y

90.8%0IA 91.9%= 1.1% S
Jtotl), DS T Al0l= 88.2%0AM 90.0%= 1.8% SItotALE.

Table 4.30. PCF process recovery ratio on existing and new design

Y
Puriﬂication \ I
plant ew plan .
existing Diffe-
| tems plan rance
Recover Filtra— | Captures | Recovery (%)
ratio(?% tion time | (NTU/m® ratio
’ (min) “time) (%)
Average _
turbidity 96.5 80 300 95.7 0.8
PCF
process Plan
recovery | turbidity 90.8 42 500 91.9 + 1.1
ratio
High
turbidity 88.2 34 550 90.0 +1.8

* Effluent quality is criteria of existing plan.

- 116 -



4.7.4 ESANEUA PCFE 0l HiE=+2 3l+8

Table 4.31011= PCFE AFBGIOl ASAIEQl Y H4FO Jtal of 0iD Al&
(25,000€)0 M AI2® SO0 &5 KNS Y
of BiE4 HelAlEo Hel E2S 20 AME WESS PIFR OiBE &

MelAEo =322 Al S=T.
7

=
= MeE S22 26t H0l === SHEO 201 HI| 2l X222 A
s, 78 82 0 dldotd =& =2 sZJF Hagl: =+06t

D, 31 NTU(EZ 25) Olot2 HMel=RUCH Ol 201 EY e GAIEN =

£ 4dXlotd, o XA 20+=5¢ 95%0 Coll MX 2===0] 99%

Table 4.31. Variation of PCF filter in the real plant

Turbidity(NTU)
Fil. Eil Back
PCF quan-— : washing
. velosity . Rem— | Captures
No tity (m/hr) time ;
B m/hr . Influent Effluent oval | (NTU/m
(i’ /min) (min) X
(%) | /times)
91.7 25.0
1250 | 19.29 6.25 6.5 (76.4~96.3) | (20.1~30.8) 72.8 12,359
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Fig. 4.23. Variation production quantity and consumption

of power.

Table 4.32. Consumption of power due to the whole operation
(unit : kWh/m")

Orain recycle

Main process (MF) Total process

process
| tems
R-M F-M sul R-M F-M sul R-M F-M sul
mode | mode mode | mode mode mode

Maximum | 0.26 | 0.31 | 0.31 | 3.79 | 4.28 | 4.28 | 0.35 | 0.39 | 0.39

Minimum | 0.17 | 0.19 | 0.17 | 1.21 | 1.06 | 1.06 | 0.24 | 0.25 | 0.24

Average | 0.20 | 0.25 | 0.23 | 1.5 | 1.79 | 1.71 | 0.28 | 0.32 | 0.31
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X

4 (Chemical Cleaning)
HAl = 2F 6OHE 2 108 S=Z80U 22l &2 20| ASoti SstMlE
(CIP)S &Alotden, = SE(MF) sIstME Al AIESE 24E2 12% NaOCl, 98%

NaOH®2F 99.9% Oxalic acid)t AFEEZIUSH, StStAlE S AAl

0

Table 4.34% 4.35= SIStNIE =A%t =2l 2 SStAE Al AIEE ASEF
2 AIEE AR ME US UEH 22, = ZE(WF) ssthEl=s H2¢
159,506 01 AU, BHE+ HOIE S etAEN= SH2F 135,828& 0
ALY AT

Table 4.34. Unit requirement calculation result about the amount used of

chemicals during chemical washing

Demand

. Concentra- . Cost Cost Cost

| tems Chemicals tion qu?ﬂéﬁty (won/kg)|(won/time)| (won/yr)

1step NaOC|

alka!i (12%) 5,000ppm 4.7 375 15,638 31,276
ClEmye | e 4.0% | 102 | 800 | 8,160 16,320
2step acid Oxalic
cleaning acid 2.0% 20.0 2,800 56,000 112,000

(2hr) (99.9%)

total 79,798 159,596

Table 4.35. Unit requirement calculation result about the amount used of chemi-

cals during chemical cleaning of discharged water in reuse process

Demand
. Concentra- . Cost Cost Cost
| tems Chemicals tion qu?ﬂéﬁty (won/kg)|(won/time)| (won/yr)
1step alkali NaoC| 5,000 ppm
cleaning (12%) (1time/ 41.7 375 15,638 93,828
(2hr) ° 2month)
2step acid Oxalic 5,000 ppm
cleaning acid (1time/ 5.0 2,800 14,000 42,000
(2hr) (99.9%) 4month)
total 29,638 135,828
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4.8.3 A&l &=
Pilot plante ™2t SXl2cldl= Table 4.3601 LIE}
MQst M2iH|, UEH|, 2Jta2tH] ¥ J|EH X122l

= & & & JTE2Z LIEHHRULCEH.

c
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o
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Ral
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e
ol
_O'j
2
0z
[z

Table 4.36. Pilot plant annual maintenance costs

Cost

(won/m") Calculation basis

| tems

Power cost 15.0 154kiWh/d x 48.8won/kWh x 365d = 2,743,000won/yr

chemicals costs (total 949,080won/yr)

Chemicals 5 0 - PACL : 606,411won/yr, — NaOCl : 172,354won/yr
costs : - NaOH : 16,320won/yr

- Oxlic acid : 154,000won/yr

300,000,000won x 1%/yr = 3,000,000won/yr
(1% of the cost of equipment)
3,000,000won/yr = (500m/dx 365d/yr) = 16.4won/m

Depreciation
cost 16.4

Maintenance

and . 5 _ 5
administration 36.6 | 6,692,000won/yr <+ (500m /dx365d/yr) = 36.6won/m

fee sum

¥ Exception labor

4.8.4 =4 Xl (Sludge) X clgtot

Yanl

U (MF) B AAES HiEs 2E0 HE Xelss & A= ™
el Al SE0l 2RE ZR20es ST U2 XASGECZM JIEH2S
Ol HIoH SHX LS 80% 0l& MAE == JU2H 1st stage (R-M)2t 2nd
stage(F-M)2| 2t 22 Sol =5 LM 4z & = UL

= 38 22 YoM & 5%t 3aE0 BiEs MOIESF(AXA o & &
SOHLINUNAME = SHUAM HEH=E U SH=> L HMESE CHAlI 80% Ol4
2ol & 99% 0I4 2 2=olB2 5= =+ R 1% 0|12 BHEE=
o2 UEINCH = 5 M2 2000 22 £ ULz Hel&d U &
dXl =X ¥ s=EX9 RIOE INH 2BZE = UASs & 2 Ol s5+ &
MS A2 20 HHE M2HIES 22E = UAS A2 AIZEHD
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4.9 2cl%

lo

E
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0x

MHI

4.9.1 %9 =48 E&

1. FT-IR 24

FE2l0l(Fourier) HEt QM 22ZI|(FT-IR)S 0l=2otd MFDF tubular 2o
MEs 245 2= Table 4.370F 201 MF2 MZEE PVOF(Polyvinylidene
fluoride), tubular2 THE&E polyolefin OICtH.

Fig. 4.25 & Fig. 4.261t 20| FT-IR Spectrum, & =&7|2 & ZIUE Lt
EtH 24 OICH.

Table 4.37. Material analysis result

| tem MF membrane Tubular Analysis method

membr ane

Result| Polyvinylidene fluoride | Polyolefin KSM 0024 : 2002(FT-IR)

JSWESW?HNH&?H%

%Transmittance
LBLBLRLRLBL8.8.B..8..8.

BB 8.8 .8 % 8.8 .8 R % .8

%Reflectance

727

am T o 1000 a0 0 o
Waverurbers (an-1) Waerurbers (@)

MF membrane Tubular membrane

Fig. 4.25. Membrane FT-IR spectrum.
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Sangle Asehi File E.\2006Z Namexs2 K| SNLA@WASAHILA Sagle POLIOLEFIN File E.\Z Name S AL @\POLYQLEFINUA-

e 33000 mg DSC Operater: KTR DH KIM S@ 3400 g DsC Operator. KTR DH KIM
Method DSC Run Date 18-0t-06 0858 Mettod DSC Run Dete: 18-Oct-06 1059
Comment 1024/MN S0M/MN N2 PURGE Instrumert: 2010 DSC V438 Comment: 1024MN 50MLMN N2 PURGE Irstrument: 2010 DSC V4B
00-
1‘% “y
t L 120872
4 V\\ 167021 \%’—/A\ —_— 1402
- T e R e - 4
2 ol T e N
F \ — F Il
€ [x € 1l
" 4 £ i
I Y
-084 | D
1 . |
10] i -
m;zgn
* £ % £ %o % % 3 S ) 7 P %o
- Torpsre Ct e v | oot Tt @) s v e
MF membrane Tubular membrane
Fig. 4.26. Analysis result of heat analyzer.
-
2. 2&37|

Capillary flow porometerS 0|26t MF 2t tubular 2t ZA3J|(pore

=

size)E2

tubular 22| pore size= 0.14um= LIEFSHCE.

Ast Z= Table 4.3810 &0l MF 22 pore size= 0.16um,

Rl

Table 4.38. Analysis result about pore size

| tem Unit W Tubufar Analysis method
membr ane membrane

Pore size um 0.16 0.14 Capillary flow porometer
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MXE F=AFS0I1& (Scanning electron microscope : SEM)S 0|

E4et 2= Table 4.39 & Fig. 4.27 ~ 4.29%2 &0 22| otH
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Fig. 4.27. Membrane filtration surface analysis.

SE

Sur face Back

Fig. 4.28. Tubular membrane surface analysis.
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745 .98um
1.25mm

SE 13-0ct-06 WD19.8mm 20.0kvV x60 500um SE 13-Oct-06

Section

Fig. 4.29. Membrane filtration section cross analysis.

Table 4.39. Analysis result about inner and outer diameter of MF membrane

| tems Unit MF membrane Analysis method
Inner diameter um 745
SEM
Outer diameter mm 1.25

Table 4.392t 20| SEMeZ2 ZHoto XZE
745um, 21EE 1.25mmE ULHEHRLCEH.

o
i
Jz
o
14
&
=
m
12
10
=
0¥
rlo
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MF ot QIEAUEet MEE 242 = Table 4.4010F 201 A& ZEIF 6.94N,

HEUANS AEES2 17%2 LIEHSC.

Table 4.40. Tensile strength and extension ratio of MF membrane

Analysis items Unit Resul t Remarks

Tensile strength N 6.94 universal testing machine
(INSTRON 4465)

test speed : 50 mm/min,
gauge length @ 50 mm,

% 102 length between meshing stiffness
cutting point 100 mm

Elongation at the

Table 4.41. Tensile strength and extension ratio of tubular membrane

Analysis |tems Unit Resul t Remarks
. 2
Tensile strength N/mm 35.3 KS M 3054 © 1990
Elongation at the V . test sPeed © 50 mm/min,
cutting point o test piece : number 3 type
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