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Optimization of sand filtration process for RO

desalination and posttreatment of RO permeate

Myeong-huem Jo

Department of Environmental Engineering, Graduate school,

Pukyong National-University

Abstract

Seawater desalination is the technique of obtaining fresh water
from seawater by removing salinity. Recently, reverse osmosis (RO)
desalination for seawater application considered the most economical
process available. It:is necessary to perform-spre-treatment and
post—treatment to-make Seawater drinkable. In “order to make a
successful RO pre-treatment of raw water effective, a conventional
pre—treatment which can be used widely, is inexpensive, and able to
achieve the feed water quality is needed. Ferric chloride (FeCls) has
been shown to be the most successful coagulant in RO
pre—treatment application. According to the study, ferric chloride
would cause accelerated fouling in the RO membrane when the
oxidized form of iron is more than 0.05 mg/L. Most iron is removed
by sand filtration, although some iron could pass through the sand
filtration and negatively affect the RO membrane. Meanwhile, control

of corrosiveness is necessary during post—treatment in order to drink

_Xi_



RO permeate. In general, it is usual to use lime and CO, to control
corrosion of RO permeate, and needs careful handling in the field.
Therefore, this research is focused on the optimization of sand
filtration as a pre—treatment, and control of corrosion as a
post-treatment of seawater desalination by reverse osmosis. The
sand filtration experiment is conducted by different coagulant doses,
coagulation pH, mixing conditions, and filter media depths. And then
the turbidity, SDI;5, particle counts, Fe concentration, and RO
permeate flux are evaluated. The experiment of corrosive control is
conducted by different CO, injection methods, injection sequences of
lime & CO, injection time differences, mixing ratios of tap
water—-RO permeates;and pH level. Then the turbidity, pH, hardness,
alkalinity, temperature, electrical conductivity, and LSI.are evaluated.
The result of the sand-filtration experiment is- similar. in Fe ion
concentration and SDI, regardless of coagulant dose and coagulation
pH, except for the coagulant dose 30 mg/L at pH 6. The results also
show a decrease in Fe ion concentration and SDI as the filter media
depth is ‘increased. With the flocculation, in addition, proper
pre—treatment water quality. through the RO process could be more
easily achieved. The result of the post-treatment experiments is
similar in turbidity, hardness, alkalinity and LSI regardless of CO,
injection method and injection sequence of CO2 & lime. But there is
great difference in turbidity as the injection time difference is
changed. Also, results show an increase of turbidity as the ratio of
tap water is increased in mixed water. Although the others
conditions remained the same, the test shows that pH is an
important factor in post-treatment, where the result of LSI is
opposite given that there is a minus value when pH is 8 and a plus

value when pH is 9.
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Fig. 2.1 Major elements of seawater (www.roplant.org).



Table 2.1 Chemical characteristic of seawater (www.roplant.org)

Dose

Element (mg/kg) Element Dose (mg/kg)
Chloride (CI') 18980 Lead (Pb) 0.004~0.005
Sodium (Na") 10,560 Selenium (Se) 0.004
Sulfate (SO4*) 2,560 Arsenic (As) 0.003~0.024

Magnesium (Mg*') 1.272 Copper (Cu) 0.001~0.09
Calcium (Ca™) 400 Tin (Sn) 0.003
Potassium (K") 380 Iron (Fe) 0.002~0.02

Bicarbonate (HCOs) 142 Cesium (Cs) 0.002
Bromide (Br) 65 Manganese (Mn) 0.001~0.01
Strontium (Sr) 13 Phosphorous (P) 0.001+~0.10

Boron (B) 4.6 Thorium (Th) <0.0005
Fluoride (F) 14 Mercury (Hg) 0.0003
Rubidium (Rb) 0.2 Uranium (U) 0.00015~0.0016
Aluminum (Al 0.16~19 Cobalt (€o) 0.0001
Lithium (Li) 0.1 Nickel (Ni) 0.0001 ~0.0005
Barium (Ba) 0.05 Radium (Ra) 8x101
Iodide (I) 0.05 Beryllium (Be) -
Silicate (SiO2) 0.04~8.6 Cadmium (Cd) -
Nitrogen (N) 0.03~0.9 Chromium (Cr) -
Zinc (Zn) 0.005~0.014 Titanium (Ti) Trace
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2.2 Reverse Osmosis

2.2.1 RO mechanism
A2 EH (Reverse OsmosisiRO)E 48 olUAE o] &3 Wiow B2

THAZIARE A (o] 2 EH)S A FHAIIA ZE=

membrane)°l| 3|FE 7Fgste] @RbS

24 Z4(Cl, Na', SO, Mg*, Ca*, K" 5)o] 99.9%7}A wjAl €t 119

Lo &AE £ R HYste gAF dACdAE 4ol PgEFE

s}skA potential zkololl o3 AEsE FHAA TEE HoZ

[-'U

Lo do] AA7E 7153tk (Mallevialle et -al., 1996).
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Table 2.2 Technical characteristics of reverse osmosis

Membrane Operating Mechanism Membrane
operation pressure (bar) of separation structure
Reverse pressure Diffusion Dense
0SMosis (10-100) +size exculsion (Macromolecular chains)
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Limiting Factors
. !
Membrane Blocking Decreasing
deterioration o~ performance
Fouling Scaling
h 4 ¢ ¢ k4
CasoO
Hydrolysis(CA) Suspended —“y
: material CaCo; )
Acids, bases CaF Osmotic
o a
Free chlorine Metalic oxide B S(; pressure
2o,
Free cxygen Colloids Sio
Organic solvent 4 Viscosity
F Biological SrS0,
ree ozone
matter Mg(OH),

Fig. 2.2 Limiting factors to membrane desalination by reverse

osmosis (Fritzmann et al,2007).

(1) Coagulation
F=9 EE9 AX =3} mineral, organice 20 % A H ®H
A3t} (Niehof and Loeb, 1972 ; Hunter and Liss, 1979). o] &<
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<3 (Coagulation)

2.3.1 Coagulation mechanism
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Fig. 2.3 Mechanism of flocs formation, breakage and re-growth in charge
neutrality and sweep coagulation.
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(flocculation)®] At} F&5E3}e] B4 SHAE A4 ol ©@A
ZF BAAI7)7] S Ao SXAE ARESlel] Qo] A FE5E
3= vl Fo%k dA ot

2.3.2 Fe(I)9] 7ot AA

Fe'" o ok 7heials FFolA Zheasse] AEE Fe'' o] &9 At
EE 97199 ligand A &g o2 o] Fo]Zth, Monomeric Fe(Ill) 7}
& E90e 13 Ao oM AEEEE gL 4 (2-1)~(2-5)3 7o

[Fe (H,0)s]*" + H,O = Fe(H,0);0H ** + H,0" (2-1)
T, FT+ H,O0=Fe(OH)+ H' (2-2)
Fe(OH)*t + H,0 = Fe(OH); + H' (2-3)
Fe(OH); + H,0 & Fe(OH), + H' (2-4)
Fe(OH), + H,O = Fe(OH), + H' 2+5)

4 2 D~@5 AGRa e K-d7] weszA gl pHol
oste] ofe] sherEol REol GFol pIAAEY. IuH o SR
Fol Bae pHrl S7H05s S7He,

Table 2.3& 7Friafso] AAE = Fe(ll) Foll #3 7] B34
R )
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Table 2.3 Hydroxocomplex formation constants for

Fe(I) at 25C(Flynn,

1984)
Reaction log K (25T)
(1) Fe** + H,0 — FeOH* + H' - 2.2
(2) FeOH* + H;0 = Fe(OH);" + H" - 35
(3) Fe(OH);" + H,0 = Fe(OH); + H' - 6.0
(4) Fe(OH)3 + H,O = Fe(OH), + H' - 10.0
(5) 2Fe® + 2H,0 = Fex(OH),*" + 2H* - 29
(6) 3Fe® + 4H,0 = Fe3(OH)S + 4H' - 6.3
(7) Fe(OH)3(am) = Fe*" + 30H" - 38.7(estimated)
(8) a-FeO(OH) + Hy0 = Fe* + 30H" S, W

Fig
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. 2.4 Solubility of Fe(Il). Thermodynamic data from Table 2.1.

Curve denotes base titration of 6.26x1072
solution.
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Fig. 2414 ¢k o] 2709 Fe(l) &al= =doz =2435t8 5 gl=H|
ofgRF o] M q-FeOOH(goethite, log K=-41.7)24 H & A ejol A 9]
e 348, 28a SRR FA4E JdAd MZA4E Fe(OH); (am)
(log K=-387) o2A HFFeA e &l F4S Uetdl ot =2
pH (pH>10) © H&Y =
#Z-2 monomeric ol iy Eoltt. 18w pH (pH<6) ¢ 459
M Fe'' ¢ Fe(OH)* 2 %ol 9 monomer’t 8 SaAFez
yEbdh =3 pH 8 AXolA Fe(lll)e] &3x=7t 7 9 A YeEld S
F Atk pH 3 F2olA 10 M2} Fe(l) &2 Fe(OH); (am)E ©]&
7F vk 23 B2 Fe(ll) 7F AI(ID) 2o o Aitojal & &aidS ¢
Atk

[Fey(OH)2l*, [Fes(OH) I ¢t #-& polynuclear 7173 £& =& As}
= 7 dAet Eo AAMAAA FHEH Stumm O'Melia (1968)=
polynuclear A =2 3}3F W Fo] ol HIYO 2o F& FASER
H3li= 7 AAE|E 32 ™, polynuclear &2 mononuclear 3 H
o ghgo] =gAl B @ ZHAE XL ATFEE & el EA)
SHAl "t} Stumm¥ Morgan (1981)ef ¢]3FH  polynuclear 71+ 3l &5 2]
AL dwiE o [Fe(H20)50HI 9 & Zhit el oz Fhol o

=
o
>
N
et
o
s
]
X0,

LA 11

o

dimer24 18¥d & gov F4 (2-6)¥ Zol-ndd F+ 3l
OH
VRN
2Fe(H,0);(OH)*" =[(H,0),Fe  Fe(H,0),]'" + 2H,0 (2-6)
OH
o7 A F&ol&& F 7)9 hydroxo bridge © ¢&) Agto] ¥ i1, dimer

S FARAQ S WG] doju BE FAUE AT 2o AmE
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ol
30,
i

[Fe,(H,0);(OH),"" + H,0=[Fe,(H,0),(0OH),(OH),)*" + H,0*" 2-7)

[Fe,(H,0),(OH),** + [Fe(H,0);(OH)]**

=[Fe,(H,0),(0H),(OH),]"" + TH,0** (2-8)

OH 712 7Fd w92 o g o]2% Alo]o whabal e 7h43ly | ulelr
Fe(Il)& A3}7} A polymerization< & 7}gHHStumm
Morgan, 1962). o<} Z2 7t5&a ¢t &5 W

stoll A F = o]

and
$o-2& susEe ¥y
e

sl polymers A st

By, L
]

Polynuclear 7} 3l &2 AH35) Was =
FUHARER AT = 1859 JH&

a2 ek GA 2 o] AR,
(Snoeyink and Jenkins, 1930).

(e}
A

tt2o A ©AR

1 pA 3
poly¥ymerization nucleation growth
monomers —, polymers ————— Fe(OH);—— FeOOH
growth
dimers

| oxolation

+ Fe,O
growth 2™3

Fig. 2.5 Scheme of hydrolysis-precipitation process (Dousma et al.,
1979).

(1) & A (nucleation) — "¢~ Z& AR =
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2.3.3 Ferric chloride ¢} alum<] H] i

Al(II) ¢ Fe(I) S-AS &3 71272 vlaskz] 98] &4 ol A9
Fe(Il) ¥ ANII) 3}t sto] sk Xpo]& 5ol Fojof gty o] 23k H
W5 93] Johnson #} Amirtharajah(1983), Amirtharajah<} Mills(1982)&
FeClz9} alumell w3t Z+zhe]l SR =% = Fig. 260 YEeEl it

Figure 262 Sl 2L o A= 3tst4 =S dwsist Ao
2 2Ho o=of 83 Z=Fo|tl Figure 27914 H3i= #HEe} Zro] FeCls
of 3k sweep coagulation #A o] alumel ™3k X Gxt}t © Wi, FeCls
= alumo] AeHAZE T A YolA & Holr}© WEH  Johnson
Amirtharajah (1983) &= &3l FHAA & il F&o] o] ZgA 4
T, FAE V2R @ vt Hd we] 5o SZgAdd dE a9E A4
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Fig. 2.6 Ferric chloride'and alum coagulation diagram (hatched areas
represent sweep floc zones for ferric chloride (IM) and alum
(Im)) “(Adapted from Johnson and Amirthara, 1983).

Kerslake et al. (1946) ¢} Hustion (1946) & Fe(lll) ¥°¢] alumX T} 4
W=7 flocs @/dsta, st o W=7 flocs JAAIZIH, 53] A%
Aol o] 58ttt A Hstg e, ferric flocd =
A gk U EE, Fe(lll) 92 4z WHe A%, A% g=71 9l
© =9 s & AEHL 53], At ¥ =
ATt (Kerslake et al, 1946). A& o3t 7714 529 S #3h
Ao A, Black et al (1963)2 ferric sulfate’} alumX.t} A=A A &
HAolgt= RS dHaPger o] flocgS T3, st HHdz g7}

& ol golxtia skt
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stk T3 Hanson and Cleasby (1990)+ =%9] 435, 20 C), &
A%, impellerd] 7138tes 33 & 7oA Fe flocEt alum floc©]
u) g okttt AS A AHSA Y. Qureshi ¢ Malmberg (1985) <&
Minneapolis ¢ @42 ZF ANMDS ZAA7|E WS 27 984
plant-scale®] A+E FAFAEH, 1EL alume AZE WA 9
A 2L SHRAE FeClglba A AT dhtstd FeCly7b ¥AIS 715
o2 P& A alum FHHFY ARt ¢ Ha, IF ALY FETY HE

7} w) S wre W A e ALg dolz} ¥ w7k @vha st

2.3.4 Electrical double layer

A7) o153 gL MY AsE W UAE AololA Fa7] 2
A 7128 = (03, Y TSk N 3 A e
2F5 (diffuser I

=
Ju)
1y
I,

h=]
FEEoj XY, A7 4 wbdbgo] 4 FHojHd oz )
AsHAE 3 At A 0 2 vanider' Waals €12 o] 7314

2Hgsle]  JAELS AR HEelod - A A "I Y (Amirtharajah  and

CCC «< m (CCC: critical coagulation concentration)
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Fig. 2.7 Structure of the electrical double layer.
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2.4.1 97 mechanism

TE&oAgoMe deEd AA wHAYZTLES ulg S ol g A
Uze gdo 31382 EA 9ate] =7], wWtlolsl Fetole] Eg] - 387
EAQTl 9lzle] HolAsl Lo oFEdu Ed] vz 2 ARELS sl

A AEZE (straining) o 98 AAHAT wA JYAES transport
mechanism ©]4} attachment mechanism ©| <3} A A ¥t} Fig. 29
gol oAl A transport mechanismol]l °]g AAAA WHAYSTS HERA
Aolth, 2y o] FFo A= FHoIUFF{el 93] o] Fstthrt o
Aol F2E o] AAHA A=, olAF Ao AFAQ HES AFAE
(straining), XF¥+2H& (interception), B.a}&5o] o3k 3422 (brownian
diffusion), Aol Wrall (hydrodynamic retardation) 7F dew, o3k
Zrzkol g o JAIF AADY  (Letterman, 1991). o]2ist
transport mechanism 2] A&l F{AHLE 33 2o HAE AT
(Letterman, 1991).

1) Straining
Straining Faeo noeimsa= FAGgA SH59 AR} o Al
SET F A5 oA A AAEE Aoz AqdAedl dE FHY
o]
o]

2] dAHIEo] 02 oY w WA HHHerzig et al, 1970). Straining
A4 Z24Q e oz Ao dAIF GHESTH Tl F

A "ot shAIRE 2o wE

PN
T
FF Z7HE Q3 duyx &A% ARTHE wdo] 9t
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- — - Streamline

Collector

A: Interception
B: Sedimentation
C: Diffusion

Fig. 2.9 Modes .of action of the basic transport
mechanisms(Montgomery, 1985).

2) Interception

At (Interception) ol o]k Axto] APA= AR Ao S5l ot
o] Z3tthr} ol Al e] Fwel gt HE3o wM o] Fo A} oo =
7B AAEE JAe2717F-E S W Aol o7k Xpdo] ©f Wol o
ofub= Aol AUt

3) Sedimentation

S ojgt ARZA YA HWEIF ARG F AFF o] dojuA

H, AdEEE gxpe) A7), 4, A& e f9Edn g JAAdE

= Aol &t dAsHA 2 A5 FA9 A4s tEAY oA
Soll SlolA At



Kol Aul o)A ek,

4) Brownian diffusion
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Hydrodynamic retardation

& 7HA

- &
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AN A, DAket AL R 4]

o] =
AA -

| (hydrodynamic retardation) 2}t

H} 5]

Q7o uie}
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bekAl BTh

=
o

w3t attachment mechanism
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! w31, &7 Van der Waals ¢13 o] ZralA =
o 714 kgst Fert AR A "k 53] oled dAke] A3}
= SR AFe A T3 HAYFoRE L=, dE W 4359

J2H(=Si0)e] thate] AEa-FH wrge A

12
o
N
=
2
@
S
&
]IO

AP* + =Si0- — =S AKOH)] + 2H* (2-9)

21 (2-DellA dste] Al 7Feis) A =3 239 silicad] A4
¢l dsk= +1o] Aok AID Y &= A2 gh-$-9] silica YA= A 2H 9
} 0ol =i, dgdore YAEL EHHET 3L mechanism 9
Lot st v of silica WO gA F-2HEo] & Flojt,

sk Tchobanoglous ¢} Eliassen (1970) = ¢ 3=
AA WMAYFE S strainingo] gt sk om, o]e]= Hlw 2 A2 FFS m

Ae A 2 5ol MAUSE v s,

off
ok
N
Ho
i
i)
o
N

242 AR A} T3

AP Z = A A FAE AN AHAAE Ads w53, &
L5 ARy Pow O]-roi?q N} A HoAHZH2NETds =2 A
A A A e ok Ml ek o] o] W, A
85 AJAAA717] HOH v & F9& o]
I 7hEeh 23 Gedt pinpoint 2719 89S AT O ZA HHSE T
A4S A4S F AT} (Letterman, 1999).

HERE AT AT & ARE AN AATAA
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il
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T k. shAIRE o] H @ Al mle] ¥ 7bA A= v WA L g
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ARl gjlom Qlste] AR = FAAd o] s W] ds
ol th 3 JAAAE AA oo ol== A

T Ao nste] A% FFEAY FUke 8% 7% (breakthrough) ©] %
3| sl
i -

Kawamura (1976) & $HoA 713 23 <x= B
AS ue} 22EA ¢S o] wE HAEI Fr] A FUHolg B

4
nehgde. Ed 2 g gAlel Al )

Kawamura (1976) + S-{H A9 &
AbE RS Fo] olgd EAE 4
of @A 7tA VIAAZE 4 QA B Sk} SR vk Weber (1972) &

A=A dps ZaHe S AJduaL sd=l, o= A& F
Zog Qs A H& Thastzl 913k iA-E e wgkel Tt Abgo] oY
7] Wit o® W asta vt Kawamura (1976), Rickmond (1976), Morrow
and Rausch (1974) 53 & 2% A2 SHAREA ZHEH Y ALE
I SHEZA, ARREA L ARGl s =Sttt ARk o® ol
A ZE e dak SHAY SHEZAR ol &H i whd Hlo] A3 5o

]
> EYve SHRIA S AR AR ALGH o] ZITh B 25 o] o

H
Al o]y et AR A ] AFS-2 terminal head lossol =@38l7] e &
o] 35 ol 8-S ) (Rickmond, 1976)



S v A gornz MAstA = ol Frha B virh gtk 31X
b Treweek (1979) & O & T4 Agss 47 Asix= S2A7
dastvrar AT AfHARE Al Ao SAAZ WA= o
&3 AF7F FaHE AT Hutchison (1976) & &ZAAIZo] 4-58 o]
= Bl 93yl dojd Jhsde]l Avkal Baldgl o™, Sweeney oF
Prendiville (1974) + F% Yo+ 308, g G = 1079 SAAZH
o] FQ sttty B st th Hutchison (1976) #F Hutchison et al(1974) &=
o] 3 & WA Y= after flocd] S =] Hsids SZAAIZFe] 35T
Aok 3t B e] e wE FFEEAd F7HE oAWEl] A &

AAZFE 10 o]tz shofstthar RAISE -3 152 33 T o] 3te

d

]
T2 A after floce] FAAES WA 7] s Ae 102 <] e SZHA Tt
dosttta stk Tate et al (1977) & 1384 26802 SHAANLS
SR AAT A9 RS YU Hastden, ojdf &2 9 TR
FA AT g AFJARFAHS fle HEEF e did HAs dAC

£ 10000~25000904 7H3 B olFage 9 + dvka g 4
W o403 SEEF Tl U@ o] 2Rl ofsle BEF o HAd e

Zata ol ddolth 42 So Hz9
8ing

FUFE HHEA FES) oju AL§
s

rir
oo
i)
>
fo
oo
i)
f
N
2
1o,
off
k
M
of
i
g3
=)
Au)
N
Ak
ol
o
flo
ugt
A
N
)
Shl

o,
vl
o,
v
ro
o,
Ho
ot
a
D
Q
w
=3
<
=
[do)
[{®)]
o
s>
rlr
N
)
N8
A
[rt

9y AFRE 2 o3z YA B4 dAE AAE Holx
Y WA (transport step¥} attachment step) ¢ #A7F vk Y=Y
transport < 7]% 4 <] -84 Ao, 4Ae] attachment &= =

2l &
A g4 shgor B 4 Q. Adin et al (1979) = 4744 B2 w7
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el 8 d, Ad, 24k el o o3 Tl dAke

=1
Q
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32
£y

243 A3 54
ol g AN FAHLZ A4 Well 7=l A HEE AAG7] A

FHow 5849 47 L9 9% 29 AR 9 shfolrh F&

o spAfel Al A H e oA EAFFrE AR HoE &S Tl
=Yg AAE ARAEAIZRe] AAeR S W e HRo] AR
T=stls W AAgtH(Camp, 1969). YWHA o R AAFH g&o] FIFE
nA= 7R 84w e JAH SR oA, 4 2 v g
Ao 74 9 52, SH4A ALEF o] Atk 53] =2 JAHH &
&2 271 X E Ao 7 (hydrodynamic shear. forces)o] £
THH, olHF FAFAEHS 7] AWM= T80 Basit. o
HbHow HAe FEL GAH SE7H ST oAl thEt HAFEss

—

(minimum fluidization velocity) ©

AA4 Ers A4sHe 7]

&ol Eojok &t} webA H A5 3t
olfEE F 7] A XS W= T
3719 FYES] B FHARETHEEE J|FoE AAHERE H
FEdtEEs gAE T AA B el v T3 QAo
Cleasby et al.(1981)2" AA| o459 fF&3h& o] F7 18 A AA
o8 dps AH&StE T, A (2°22) 5 AREskol A% 91 AH(d=1.006~3.66.
mm)°ll I HAFEIERE Atete] JAHo| HEsglon, ALkd
ANZTE FEAE F AT w2 252
30%¢] HHJAAE nHF HAEFEIFEEE 1.3V = AA AT A
A ZE&e AA AT HAFEsHdE oo oA WAFEC] 20~30%
r

d b
H
rlr
N

=2
rr

B>

=
Aed w 3 Aoz dHA AqtH(Cullen and Letterman, 1985). ¢H#A
AMZH WHoRE B F7)+E W EAFH+FI+E 5o WS o] &3
I Qo E3] fFyoA ol AMEHE FU|+ESY JMFHLS FUE ALE

off

tomx AAHFe A3 gAF F&o] SHHe EdE 45 7 A

T
1



ok olglst Frle & W8St JgAHT uf of oA gHHol AAHE
mechanism =  collapse-pulsing &40l U TH(Amirtharajah, 1984;

Kawamura, 1991). # < Amirtharajah at el.(1991b)2 pilot plantZ ©]-& 3t
Aol A collapse-pulsing condition©] o Aol HZAxAd} #A#Ho] g L&S

w75 .
FlA R BEelAe A3 GAH F AAG oA A EF

(intermixing)e] 2% 4 &= o3 EdFS F79 Z55 Wallst

TFEAE F7HA7I= aclo] k. o] 2% intermixingS HE A
o] o WAEH=H, o= wWE FHOE At EfE7] wiEolH,
olE AWslr] Hide FAF SR E XM FAAIACE dn

(Letterman, 1999). T3k ojA1e] =7]¢ Wxo] wel intermixing A X7}
gEkx 7] Wil intermixingS <WEl7] M E V]EA R oA 7o
LEe A7|7F a#EojoF gtk
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2.5 945 (Reverse Osmosis: RO)

251 945 71249

pathway)<S wel T3 T=gsity, RO%S 171 o2&

e SHEAER AT F o NF, UF 283 MF& X33 th& %
£ Fig. 2.100] yetliojxlmke 3ho] Frlst=-27]1¢ =455 A7
71 f&8 AAEY AT UFeE NFe a8l MWCO $He9l+= Zhzt
2,000-500,000 Da2gt 250-2,000 Daeltlt. MF= RH%& & = A
(0.05-10 mm) E+= =4 A mm @918 ®eek 2719 90% &)l
ol&] Unky o g B =] o Fe

i
O
rl
ol
H

Macro-particle Filtration
D ———

MF Sand & Pollen
uF Particles & Bactaria

NE  Vinuses & Liargt Proteins
| RO Sugars
! Flonowvalent I-:lnS'INa*.EI' : ; .
1 10 100 1000 104
Pore Diameter (101" m)

Fig. 2.10 Range of nominal pore diameters for
commercially available membranes (Perry
and green, 1997).

o gy AHL Aoy (dead-end) HFE HAF  EE I crossflow
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filtration) = A} IHkd o 72 Ax{ 58 oy
2oz Arrojxn hiE spiral wound REE TAYH o] REC

M A B SEHBaker 2004). &

oo
i
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-
30
ui
=e}
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=}
flo
il (0]
o

=

2

1=
o fluxiz Eitell oS E BT F ok F

-
=
FrAl o] Fe] dWHAQl HAALS vhgI o] A T 5 Uk

o714 Nax= % & g e= A= =4 A9 F2

dp
H

::1‘
off

(mass flux)olH, " pae A =& E(nass density), k= F
(permeability), pe A E(viscosity), dy/di= ZFEHoll 2o 729 <

42 aEla DABE B(EDOlA Al kS Sjh o] 2 &AbA < (binary
diffusion coefficient)©]t}. MF<} UF49e] digk €k:ka(diffusion term)< %
24l (convection term)oll Bl FefA] FA|E £ Ut NEHS =3 &) 9
o] &< W& E(convective flow)d =A4F E5F g tH(Bowen and
Welfoot, 2002; Otero et ‘al,, 2008). RFH Z < A-oA= NFS 53 &
Aol HdeE2 it o eaHom gHE s Gy K tHKedem and
Freger, 2008). 1&i4 ROYE E3 A< (transport)S ¥H 352 93
open channel®] EA]3}A] ko g ibo] o ZH= il olF wAY
2 Sd-gtolglar Azt (Lonsdale et al., 1965; Merten, 1963; Paul,
1972, 2004; Wijmans and Baker, 1995). & -8aF mdojA RO 7[2
Ao AdE e e oy 2 A 7HH GAR dojdt. O 2 %
°ow9o F2, @ W FAE T 4t a9 @ W T3 FHoR N
&= vrold 5 gtk

o e d
A gel ¥E AAE go| FRWoR ¥ A FEAAI Ge How

)

f
4
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< AtH(Lonsdale et al, 1965; Paul, 2004). RO

o

=

=

(chemical potential differencez}t

Dol

3

ALl €]

w

72k

AD 4 ¥

-
= 5 A,

s

L(Aap—~A7)
Sl flux, I

Ng=

N

(2-12)
ol A A
(2-13)

1

T

_ DSV
RT7

1= CRT
% (molar units), R
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o] 275

.
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o714, C
(Wijmans and Baker, 1995).
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RO%S 7MEAEZ+= & A9 §H-F4k mdo] 7[%3tk(Bird et al,
2002).

e AFUS dhHbd o w2 2300-2,600 kPa ©]al 2500 kPaZ7hA| =of
A 4 A (Perry and Green, 1997, Sagle and Freeman, 2004). 7152 4+
Fore dlgRtgE o FHoh 2,000-5000 mg/l % W, AFESG W
100-300 kPa(Sagle and Freeman, 2004). ©] XA A% ne 3F&
Ry ¢ ##dth(Perry and Green, 1997).:

T cancentrate: ( 1 _1R ) (2_14)

w

AEQES S8 7] 918 siolA Fa ofE A8 W= 6,000-8,000
kPaol L, 19 dhsle] 7]= 600-3,000kPacltl. 3442 RO &4 4
o] T3 AHY = == AAHAd ROAI&H Y] 3)4-g2 ol 2o
Folxith

R = g;’ (2-15)

A7 Qe T F%, Qe 8T TEolE _oetA Ry RO e
3] 4=& o] H(Rahardianto et al., 2007). RO 3]+&2 35-85% JEolH 4
4, A&, AAY, w55 Ay Uy 2 HAHY oy A "474] g ol
el gdEpxih 3 4&9] oftte] Wl RO 4 W §of st d&Fs
nz 4 9ls Bk ofyel AF¢ fouling 123 mUlE Scalingjﬂr 7=

A QA= FFS 71H 5 Ak (Morenski, 1992; Wilf and Klinko,
2001). =< 348

ok A3 #2893 fuot FEGAE 2 058 A5 9
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37 ©tH(Wilf and Klinko, 2001). RO
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S - IR A Y
L e ) o nh T o o ¢ & ) o =0 3
Mim,% %u%mmfﬁﬂar.ﬂﬂ% e
R G ) ¥ T
A 0 ~ ) O, B j.L
T aw g wr oo T o AR Ry =
,ura o) ,CI ~ E#U . MH s il _,AA ol E_; X0
FEW o X g 5 R mm S 1 ly
oM oo T R gy g A ®
° B o o E N X g X X o ~ o
T TR = A N (R ~ X e N o
2o m T amm ¥ Yer T e |
- _ ~ iy Bn =t Alf)
O 2w b E P np g g S n
e SR L RS BT S R s j|
TR N R Neom T 5 2
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= B O [ R I -
P e BN Hdo m g n
U_VL _EE ‘L.yl — rL ’ = fe)
o 2 AP sl g BE DRSO
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=] X
BT Y Rw W g ww A e i
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o 1 3R o Mo o}J 2 2 on Z
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¥} “H(membrane phase)
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2
1o

o z2}¢k& (membrane salt rejection)S A A el v Al 2®E] 85
=

4
b, v AlEgAEe dwHon o §7bsE 3

SAsha, o g ue 93 o 3
98g Wakasl MA@t ROTE AuE  Adge dudew e
3} gro] Folzith
Cpermeate
R =|1——2mate 1x100% (2-18)
Cfeed

g8y ROES Uk o7 gpiral wound TA S E Hojglon Hw ub

2 7l FEE E8a AdolX(spacer; a7/ AUE T2

FHE A e AW ¥ Axw e oo EuEoql)

spiral wound element(RO®= 7HA| stih)oll A, F5F= F4 A ZAH FH
=,

Foe 24 FA ¥EH 3 Gus e

iR al C permeate % o)
R | (1 ( Cfeed+ Cconcentrate j} 100/0 (2_19)
2

047]}\1 Cgongentrat %—?‘;——)’:Q/l O]% %EO]Q‘(Bal‘tels et al., 2005) 1;—11_0]

Aoy oz pdd u 4287 =14 dH.

R = (1 — _Crmenrer 1009 (2-20)

concentrate

Q

9
rt

Z7]19] RO%2 =& o wiA&S AFsHAR, &34 A7}
oAt} stYgtE 2o "o Ed w7lX (membrane life time) A< %7]
A Ads FAE Stk EE RO =% 1d3E oF 10% S7hE =
fex]

F3}8(salt passage, % = 100 - R)(Wilf and Klinko, 2001)3} <&

N
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Bartels, 2004). A% &9 F7h= 545 oA & Ut 2% F7t
o A F7tete did FHeS £ FdeEt o AA FUsH]
wolth whek R 3 U)ES wEehy] f18l 29hAl RO(second RO
stage)o] L FATH HE AR B3 IS mFH F 9l
R =

2 229k REEStH(Zhao et al,2005). Sol=-gc] whgo R 9w
A= Fol2ET Folel H Weol EAFH. old A4S Donnan
potential 2 &z A 714 Ao o] dojutrt (Bartels et al, 2005;
Tanninen et al.; 2006).

ul
)

O

flo
r>~l
r]I.
)
o
fu
dlo
o
QL
fr
QL
2l
e
=5
)

2.5.2 RO Ao F7F 35 A o

RO AAEH S0 8T Al SHAEAN AIIID % Fe(D) 7
9ok 238y aluminum AlE 9 3 A= RO
T tal. ¢4 - E(Gabélich-et al., 2002). RO
ot dolgta 7ty g &3 F JFdte =
£dE52 ROT foulings 7HE3E A Zolgta o2 5 3
aluminumell &A= FILMTEC Tech Manualoll A|Al$ ®}7F ot 1
W&o W= gluminum silicate foulingS WA3H7] Ysid= RO 355
el aluminum 5%E 0.05 mg/L(as Al) ©]st= FAstetar Hojdoh &
gk ol Ek Gabelich et al (2006)> RO=HS 7lA3t7] flgk Aea] dA
Y 2ZHEEH F aluminums 248 AFNAE 99 2L FE ATS A
Algk vk vt ErES e R 2 vE B3 RO Twaul Alo]Eofok
&

3 F%7} aluminum¥ Y3k



Wgol wEw 3 e HE 2 mg/L 7HAE o] i wd kg
Felel 22 005 mg/L olstz AlejE oo st FE3} Al RO #wW
fouling& 7}&:3F AlZIthaL skt

9 FILMTEC Tech Manualdl AAd "= y&S 2ynRd
aluminum silicate fouling& RO/NF Z A E 9] &3} wpx]d} stageol A 2
S g Jdom ofF & 4 (B0 pph)eA e T 22 QAE 9
A F sl Aaste AHE A eTh

- Aluminum-=> A2 7}(silica) ¢t ¥H&-g 22 A7t 5510 mg/L)+
aluminum = silicate fouling= =4 AlZ & vk AAY FBlA
aluminum $ZJAE A& wWl-AZFeE aluminum silicate fouling 913
Z7MN 71tk 28 B E aluminuml® H SF A thal " SHAV FHH
=3

- Aluminume] f3l== pH 6594 73 ot flocst FA-NA
(flocculation)i= ©] pHoll Al &7 = ojofut & RO/NF Al AElo A% =&
Z2o]lW pH 7-994 LdHoloF st} Z45 ZhHY|o]ES 2 scale 9F
< ¥&t7] s ets st pHel A o] AdE

- Scale 295 ¥at7] 918 AHS-H = antiscalant(Z=AD WA A= H ol
Y aluminum #Z& w5se] SAZA vl wFHe7) <2l antiscalant
Siol whel A FshAL Aok gt L Aok © W antiscalant= RO
AN 2242 scale BF i foulingS BRAFAIZ 4 <tk Algsb
antiscalantel] 2]3 S JEAL(91S 7]%& g AFS AR A M=
o] JLEAEZH AE 2 A(biofouling)S ¥ ]
FILMTEC Tech Manual(ref.)oll A|A]" &S AHwA
o] &A3t=1d aluminume &=+ pH 6594 713
WAl E Al gales w9 wEA Fr1EteE ZF aluminum SRS Ao
st7] e = 7k Aol pH 6-7 WM ®E o] Holof st=A A et
tf. 7ha Aol £54 aluminumES AIOH)3(s)Z WEA|AOF MF, UF
T o FAoA AAVE ettt ddE . 9 WEolA AAE

0:1:’4
>
m\U
A
¥,
o

)
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il

ARSI A sl = s =& pH o
W 24 Rl E9L 2 scale & W3 ¥lEly)o] A gHelA o). uwhet
A aluminum 293 scale L9S A3t 7] fIsiA= pH 6-79 41 <]
7o) nigrA st
olelgh &2 o AN
oS A FAA] HEfo] daiA = dotr ] o Y
ROl A m Al clay, silt 22]ar F7] F4sts 5o A= F42
e VtRAEE AYS 7RI ol fluxE HAaAE A
(Wiesner and Aptel, 1996). 218122 3}3F(downstream) 9F3- oA i
Z&9 fluxs FA8H] HAeiMes 9o A BAACoRE AAT = A=

A F4o] wt=A dasn a8y o e BlE e

[

pH 7-9% aluminum %3 A

N
N
il

W
oX,
st
N,
o
K
3

mL Hu

olo

N
X,
t
:
k)
o
of{
ozi
HU
2
u
olo
N,
2
N
)
%
2

7}+= “carryover” 7} & o]
g SHA sEE iiﬁﬁ}ﬂ 8= Sl A A ‘zr%}‘%k, A% pH
24, SHAE AT e AL AR £ F714%0 | A E
=
=

Aaf o s+ A7k AH(Gabelich et al., 2006).

2.5.3 Silt Density. Index

ol FAFANA e Z gH e AN FHRANTF A fouling W A
YFol #gdth a8y RO 35S 7.3 5 ¢l
2 o] AR 7] W&o (Lauren et al, 2009) RO% o] +2
Hodolth xHeEe FRHYAY 24 (FH7] = 77
4, & 18 E a8 AE 71499 EES xdste g S9ELA=R
FE A g 4 At(Amiri and Samiei, 2007). At} foulingS
REoluy elementE S =24 FA YHebd & i BES 9 sheet A
ol A &= A = JtH(Tran et al., 2007).

RO%o] o d%7] 93 Eo 84L& £% Silt Density Index(SDDE A}

GoowAn AiEolxitt. 54 i &9 SDI= 30 psi ¢Ho = 045

L

e
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im BE] odvE S

= 5]
D 4189-95)°] AdH ol Aot 1 A2 b5 g

100% < (1 -4 )

SDI= 7 (2-21)

o714 t= = A Azrolx, t1e HZ 500 mL Eo] oJEE=Y &
HE AIZHE) olH, 2= tAIZE Holl o HE = AIZHGE) ol THASTM, 2007;
Wilf and Bartels, 2006). ©] A3d&

(dead-end) . & AX|stal 2 FHE Fo| FAoE MR t= HI
15202 AdAste 15687 Aol watsh =) fFoletd 58 E= 10
T Agd = o t ARFESE AAE = T edEdes I W
A&EHcr 450} o] QA E. O EE t1S (2RT 49 29 E
o] B #& ALZE oddEr A B EH o dAE FE BT ¥
w9 SDIE ¢ Y34k 4 dAA s 7zls4d 181 AAE  SHAA
Aesfe 4= ek 3 )39l SDI(Bonnelye et al, 2004; Reverter et al.,

2001; Rybar et al, 2005)= ROz glel] wmj$ A3ttt d#A Jov &
2 ZWENA SDL ol .49 5AfolelAl A Adsirhawgdsiar glom o]
e $H 2 o] FoI(Dual Media Filtration)9} 227122 A2 WS
3 EAdT + Advn 33 7 (Bonnelye -etal, 2004; Bu-Rashid and
Czolkoss, 2007; Chua et al., 2003) SDI #< AA3= ofxfel dubA<l
e a7 05 mm, 5 A 14 o3k 28l FX ¥o] 1.0 m-14 m
o= A¥gHgoz d#HA Avk(Nikolay voutchkov, 2010).

Kremen and Tanner (1998)= % F# A& SDIE AAAHO=ZH
SDISt 29 9 dA3F Atolo] AAZ wudtgom & 4 AT RS o
A AFR,)H Z2EH 39 2d=4Y AR RYY x=doldta it Fig.
23191 YEtdl SDISH Ri Atole] o] 2%l #AIE 4w Ew SDIC] F7fet
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dRAel o AYe T AFHA BAL A& .
A% SDI 1~4 5tk 4~5 Aolel] fouling o] ¥ EA vehivh o
Ao MF/UFS 22 wolst Axelds 98 4 9 2 url

Fo
>

S SDI @ Aela) dAeg 24N d& F = 3~59 SDIgkE 7t
A= AA AR RO 2elA B @ fouling A& AT Aotk
2eY MF, UF A5 o713 e 24 ffo] %< SDI (50]4H)%

Hed Ao EA = air

=
T¥4Hl 2t Ando et al.,, 2003)

1A & QEd ot xe ¢¥o
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Fig. 2.11 The effect of increasing SDI on the permeate
flow resistance of water foulantl, indicating a
higher fouling propensity (Kremen and
Tanner, 1998).

ol#]gk SDI A+ RO sH Fd9 A& Hed= Tad 7+
o]

ow ApgHT. kAR SDI A AREEHE
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3.1 459 3 54

B AT A A%E P 13T duin

& Assto] Abgst
ol & A3l At
<ol 5T7HA] vo}
NTU o]stz s =

NTU oln A& i A5 ~

el srues Eded 24

8
o
g
re
-
=2

ofo
e
:?L_'/
N
flr

=)
°
=

Table 3.1 A5& A9 5 44

59
EY)
(o)
e
i
00
(@]
e
(0]
Q
Do
fr
e
X

Parameter Unit Raw water (mean)
Temperature T 14'- 225 (19.0)
pH = 7.98 - 848 (8.22)
Turbidity NTU 1.05 - 2.97 (1.90)

UV cm'! 0.002 - 0.015 (0.009)
ANAEE (mS/cm) 473 -50.2 (48.8)

TDS g/L 33.78 - 35.87 (34.92)
DOC mg/L 0.7 - 1.46 (0.99)

= mg/L as CaCOs 5912.4 - 5936 (5924.5)
SDIis - 6.13 - 6.36 (6.23)
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i

g2

)

32 74 & I

B oA RE BA S Standard methods(AWWA, 22 Edit.) 2 AST
M(American Standard for Testing and Materials)oll whstom 2o A}
5= A g5 2 Wy F417]7]= Table 3.29F 2t

3.2.1 &% ¥ Particle counts

== HACH, 1700N ®=AlE Abgsto] AAzto =2 46kl Partic
le count:= Spectrex Corporation AF2] PC-2200=2 Al&3F1 o™ o]= 1~9
2 um 7HA| particle sizeE 54 4 oy By FLI AL 9l A

= AH 5 v SAs0n.

3.2.2 SDI (Silt density index)

U R FEEE g5 299 AES AXE dAstel «4
HEe sdo] Wasttheold Ao FAL ANA F4 F4 PEa ¥
FIPT(mg/l), FENTY) Sef %4 S4-gm oz a59 +4 2
1% T oYk WA Ee £ S AF WHOE ASTM
F52o ©1% SDI %74 Wel ¥ EHTh SDI AN wEe 253004
Mg s} gk

4 221004 WA E T=15 mingl 4§ SDI @to] £4 % HH19

FrPE] S 4 T #2 10(SDI) E=+ 5(SD
AS A5 = s}

Mo Algd =2 Millipore AFe] X14=4d (hydrophilic) A &2 9S4
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gl om SDI =4 7]7]E 048~0.83 Mpa E¢4#ES 714 = 2E(KO
TEC, DX-8000-0350)& AH@EQ@ 0.05~0.85 Mpa HYE 717 ¢td %4
I E

a2 A A filter holder(Millipore, O.D. 76 mm, Length 120 mm)”7} A}-& %
Atk o] A= dA &Y Stoll Aot er AAx e e F

55 FHom A H A

323 pH 2 AV|AEE
pH % #7]H %% Horiba, F-54BWE A&3HGith. o]&= pHel 7]
o Jom nng Ass- 24 98] pHe S50l
A, EEs AE AF = SA S
9 QA x4 A (Bychi, Recirculating chiller B-
740, Swiss)E ©]-&3s< Fol oA o SfSt. A Pl AFEEN 4 35

2 ZH] = Table 3.3 YERH AT

L
a

ol

s X 54

g

Ko
Ty

i

o

do0 2 H
9
rlr

RS
oy

)
=

2=

=

2

7]

2

ol

rfo BN
i1}
rfo

BN
i

du

A

Table 3.2 Analytical method and instruments

Parameters Analytical method and instruments
Jar Jartester (Phipps & bird, Model 7790-701B)
pH pH meter (Horiba, F-54BW)

Conductivity Conductivity meter (Horiba, F54BW)

Turbidity Turbidimeter-(HACH, 2100N)
Iron DR-2700 (HACH)
SDI ASTM standard methods
TDS ASTM standard methods
Particle Counts Spectrex Corporation (PC-2200)
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3.3 49 A & ¥H
331 ¢4 44

1) SHA
2 AT AFEHE A= FedlDA 53 AZ FeCls - 6H0(Sigma Aldr
ich, USA)<& Ab&3tdom Aol AE3st7] d 025 M Stock solution(as
&

FeCly) & Az §, 49 3% A &S AHEste] 10 g/L(as FeCly) =

3] 243l dosing solutione AF£3F T Dosing solution Az Al 3 Ao <]
3k FeCly A3 o] whE Ei} A& 3bsl7] ¢35kl dosing solutionS 2!
2ol A shF WA stol bt A7 AR AT SHRAME F 223
2 dosing solution<> ®. H{F/]Il_, 288t wulet gA] A z2ete] AL&E Y
=3

115 mm" x 115 mm" x 140 mm", $&FaP=E= 200mm™ x 200
220 mm' v}, JF )= paddle (two-blade) &A1& AF&EL 1 L wnk
S 76 mm" x 25 mmY, 9<EuRES 99 mmY % 34 mmboltl. ol AL
H Jare SHAA FH NS Wikt S S Z47F 250 rpm(G=5
50 sec ' at 20C) T 45 rpm(G=40 sec ! at 20C)o. 2 RE AFoAx =Y
stAl st o™ w&ugk B2okEHwt AZES ZHZE 1 min® 5 mino =

1 stk Ade AgE XA Fdsee dF S dnbdoE A
|H= FYF 530 m
mg/L(as FeCly)E A8 st A eqit

AR s BEFHIE o] &5t & E3txo] FdstA dle

W ool SR FHEZE o] &sto] TA AFFA sk 5EHE 5
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o= AP H"AE A}FHd A= anthracitee} R E o] &3
%9 #(Dual Media Filtration)= T4 ¥ 2 AF-olA &= oAH}59 F
s Arietr] faid 2wk o] &3k ol o B E=(Mono Media Filter) &
Atk Az T AA= Eoln &7 (effective size) 0.45 m
m, 5 A< (uniformity coefficient) 1.4 Z12}aL o2} F3 =o](bed dept
h) 850 mm=E T 3ATh A e T3 =olo &3k oA 85 dotn7|
flal 250 % 550 mm A Aol A= AHTE AASFAT. FAH Al AR €
BWFELS 130% /2 A4 $%70 m/h 2RO E 5 E3 AASAT o3
Lot Az vl HdAY s o w ARRE Adx oA 7& T~10
m/h ¥ ¢ ol A (Voutchkov, 2010) 8 m/hE A=l &}$] o}
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Fig. 3.2 Schematic of pilot plant scale filter system.
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$h-o7 FAANA A 3
421 EY A3 =559 particle size H3}

Fig. 412 lab scale ®#ol#x FE59 SDIs9t particle countsE& 3
4ek otk RO A g4 Fd7]Fes BE SDI; < 35 W3
oFs} X 4t lab scale?] W&ol ¥zol A= SDIjs akel &L 6.23, A 582%
RO AAHE2ZA L] FA7EE WHAZ = glddlon, lab scaled] 23 2
Hell A SHJA 9] = W SDIs9} particle?] = vl 3= o=
YUElY particle®] =7} SDIis #kell A4 TS T Aoz = A
=3

Fritzmann et «al. (2007) & AW 3}FAHAA 10~15 pmEu 2
particles A7 sk A og@rtal Bigk vf oy wekA ROV S 9
T4 %79 SDIis < 35 RESAI717] Sl = 1~4 um H 9l vAl 4=}
=5 AA & 4 d= RO dAe v4o] H83% Ao= Fusrt 17
1} Fig. 4.3 YEld vlel Zo| pilot plante] R o] ¥ 2+ %+ SDIj5 3.2
24 RO 99 /¢ Faxd AR el 2oz YEs o pilot
plant 2o 3} 2] 2]5== particle?] sizeZ} lab scale®] particle sizeX.t} H
ZF Aow BaH

_—

rir
us!
i

Q

Table 412 &H-A3 3o mE F7 HY F& =5 SAs7] ¢
3 A FHsE, 3 pH, witxd, A T3 Eol, o AIZF G
315 Wstelizty oo d s A4 Adelry EF oI
2ol A0S detatr] fste] zhzbel 3ol uwhE of 3} 045 pm &
=° ez odste] S FAHME 23, H=ETA 002 mg/LollA Hel
AZHA Fkon mopd fFEE B2 BF JAdrsEH) o s ddd
tomes Bl xE S He B5 ARG e ®A, SDIC| F7bel

s P F Aow ARHY, o S PFI A8 A7l 22
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of W ojygel A Fwo] wE SDI; #el Wi E Fig. 420 Uelugl

o 2o Agge d FEE SAS A3 SDIs9 HldEste Ao=

ZAE o] BEodiaFg Aol A FEH ZHel % particle counts 1#] il

SDIis7F 25 HlglAo®2 dAaso due AS 1T & dReH =

He Ho go]l A-ZFE RO e 29 dEgs & Aoz A
6.5 1200
— SDI,,
—@— Paticle counts
6.3 | .. 1000
Rapid+Flocculation (40 sec™)
"

]
g 6.1F 4 800 §
S o
0 2
-_— [$]
D - —
» 59 - 600 g
o

57 F - 400

5.5 = #a ¥ 200

N 10 ppm 30 ppm

Fig. 4.1 Comparison of SDIj5-value and particle counts of seawater treated

under various conditions.
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Table 4.1 Residual Fe ion in media filtration and 0.45 pm filtered water

Conditions . .
Residual Fe (mg/L) 0.45 pum filtered
pH Dose
10 mg/L 0.03 24E
pH 8 20 mg/L 0.03 ey
30 mg/L 0.02 EdE
10 mg/L 0.04 EdE
pH 7 20 mg/L 0.04 4=
30 mg/L 0.03 4=
10 mg/L 0.04 24E
pH 6 20 mg/L 0.05 ey
30 mg/L 0.07 EdE
6 0.10
[ 10 mg/L (pH'8.0) [__Z] 30 mg/L (pH 8.0) [”_7 10 mgIL (pH 8.0) 30 mg/L (pH 8.0)
[ 1 10 mg/L (pH 6.0) [ZZ] 30 mg/L (pH 6.0) == 10 mg/L (pH 6.0) 30 mg/L (pH 6.0)
[ J) CIREITIPOOON O PPPMOPRRRIIN. MR TR ®— Residual Fe conc. 0.08 :UI,
E
5
8 ........................................................................ - 006 ‘g
2 £
© [0
> ............................................................ - 004 g
- S
(]
(]
w ....................... - 0.02 I'_I'
]
S
S
4
1 RN e N D R N Y I VA A N e BN 777/ 7/ S 1/ /7 /77 /7 EER - 000 m
0 -0.02
-t -¢ -
RM alone RM + SM

Fig. 4.2 Comparison of SDI;s values under various pretreatment conditions.
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0.12 6
I [ Residual Fe |
—_ —e— SDI
%'n 0.10 [ ds
k3 I Coagulation pH 8.0 |
- Filtration time : 30 min
O 0.08 | 44
® ©
£ | - |2
©
] >
g 0.06 |- 13 o
8 i ] B
I [72]
L .04 42
o 10 mg/L 20 mg/L
7] 30 mg/L
) R J
o 0.02 1
0.00 0

Coagulant dose (mg/L as FeCl,)

Fig. 4.3 Changes in residual-Fe concentration and SDI5 in the sand
filtered water (pH 8.0).

0.12 6

i [T Residual Fe ]

—e— SDI,;
0.10 | TRREEpErT UUR TS T 22 2929=m»m 000 -4 5

| Coagulation pH 7.0
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(2]

E

c

S o0.08} . - = ; 44

© o

£ i 1 3
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Q >

S 0.06 13 %

s | | 3

Q

I._l. 0.04 20 mg/L 1,

o 30 mg/L

3 I |

o

S oo02f 41
0.00 0

Coagulant dose (mg/L as FeCl,)

Fig. 4.4 Changes in residual Fe concentration and SDI;5 in the sand
filtered water (pH 7.0).
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0.12 6

| [ Residual Fe

—e— SDI,;
0.10 |- 415

Coagulation pH 6.0
- Filtration time : 30 min

0.08 |- 44
30 mg/L

)
(2]
E
c
2
® o
,E =
©
[}
O 0.6 413 =,
8 | 20 mg/L é
(]
10 mg/L
L .04} 9 1,
©
=]
e i
3
e o002 41
0.00 - 0

Coagulant dose (mg/L as FeCl,)

Fig. 4.5 Changes in residual-Fe concentration and SDIi5 in the sand
filtered water (pH 6.0).
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0.20 8
I EEE 250 mm
| zZz2 550 mm |

Q I 1 850 mm
g, L —e— SDI
= 015 46
g - Coagulant dose 10 mg/L
= i |
£ - E
3 I P
g 0.10 |- 14 P
8 [ a
(-] 1] n
{1 -
= |
S 005 i P
- I
]
o i H ]

0.00 0

pH 6 pH7 pH 8

Coagulant dose (mg/L as FeCl,)

Fig. 4.6 Changes in residual Fe concentration and SDIs of sand
filtration under coagulant dose 10 mg/L.
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g’ i —e— SDI,,
= 0_15 - - -- B \ M. - - - eseecin. . . . | . . R - 6
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I ©
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g 0.10 ? 414 o
8 [ a
() ] »
u_ =
= |
3 0.05f 42
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o i |
0.00 0

pH 6 pH7 pH 8
Coagulant dose (mg/L as FeCl,)

Fig. 4.7 Changes in residual Fe concentration and SDI;5 of sand
filtration under coagulant dose 20 mg/L.
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[ 850 mm
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i

pH 6 pH7 pH 8
Coagulant dose (mg/L as FeCl,)

SDI,; value

Fig. 4.8 Changes in residual Fe concentration and SDIs of sand

filtration under coagulant dose 30 mg/L.

_62_



wike) I

4
or

H
olo

4r

o

M
Ho

i

)

Cleasby (1990) 7} A|<tgt

40 sec!,

Al FP#FHLS 10, 20 2 30 mg/L FeCly

pH 6 Z710l| A <]

] G=

o
f

37 = (Gt) 10,000~ 25,000

—

&

oo

91851 th. Fig. 4102

=

K

=

el

N

W ey

gk

9 FE7} 007 mg/L7HA A=

e

-
1

mg/Lol A #=5

7F 2% 0.04 mg/L

G

|

O =
T =

(3
e
)

o
o

N

il

~H
olo
B
0

i

ol

)

dr

7
Ko

7
Nl

)
Ho
i

il

AetE 55

e

==
[¢)

2

o

—

S ERCE PR

N
N
=

jant
B

Bl
oF
o}

i

Ho

W
e
=

0SS

_63_



i I Rapid mixing only

Q 0.14 [ Rapid+Flocculation
=] !
§, 012 F Coagulation pH 8
[ : Filtration depth 550 mm
o |
2
g 0.10 |
1= !
3
= 0.08 |
o
o !
S o.06}
=
Tg 0.04
3 °
B !
]
X 0.02 I

0.00

10 mg/L 20 mg/L 30 mg/L

Coagulant dose (mg/L as FeCl,)

Fig. 4.9 Changes in residual iron conecentration of sand filtration

under coagulation pH 8.

0.16
i BB Rapid mixing only
Q 0.14 |- L. ‘- 4 [ Rapid+Flocculation
(o)) L
£ 012 b Mmoo R U 4 Coagulation pH 6
= ) Filtration depth 550 mm
o |
2
g 010 F - oo el T T
c !
[
2 o.o08}|
o
o !
S o.06|
=
©
= 0.04 |
=
5 !
]
o 0.02F ’—‘
0.00

10 mg/L 20 mg/L 30 mg/L
Coagulant dose (mg/L as FeCl,)

Fig. 4.10 Changes in residual iron concentration of sand filtration
under coagulation pH 6.
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I 10 mg/L as FeCl; ]

0.14 | 20 mg/L as FeCl,
[ 30 mg/L as FeCl,
012 -

Coagulation pH 8.0
0.10 | Rapid mixing (G=550 sec™)
Filtration time 30 min

Residual iron concentration (mg/L)

%
0.08 |- Zhm
0.06 |- %
0.04 |-
0oz | / H I % H
0.00
250 mm 550 mm 850 mm

Filtration depth (mm)

Fig. 4.11 Changes in residual iron concentration of rapid mixing

under various filtration depths at coagulation pH 8.

0.16
I 10 mg/L as FeCl, ]

Q 0.14 b - mmne b L e B 20 mg/L'as FeCI3
g’ — 30 mg/L as FeCl, 1
E’ 0.12 -
K=} Coagulation pH 6.0
® o10f Rapid.mixing (G=550 sec™)
€ Filtration time 30 min
)
2 gosb I N B ety
o
8 —
S o.06f
=
©
S 0.04
B
»n
]
X 0.02

0.00

850 mm
Filtration depth (mm)

Fig. 4.12 Changes in residual iron concentration of rapid mixing
under various filtration depths at coagulation pH 6.

_66_



I 10 mg/L as FeCl; ]

Q 0.14 | 20 mg/L as FeCl,
g’ [ 30 mg/L as FeCl,
: 0.12 |-
o Coagulation pH 8.0
© 0.10 Rapid+Flocculation (G=40 sec'1)
S - - . - -
= Filtration time 30 min
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2 o008}
o
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S o6}
=
©
S 0.04 |-
S
7}
Q

0.00

550 mm 850 mm
Filtration depth (mm)

Fig. 4.13 Changes in residual iron  concentration. of flocculation

under various filtration depths at coagulation pH 8.
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Fig. 414 Changes in residual iron concentration of flocculation
under various filtration depths at coagulation pH 6.
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°F 6% Aoz ZAMFATE mEA SH - I T A5 flux 7
o @S AoE dAddo], @r|ttel] flux #L&ES AHE7] fs
dANAom 35 C7HAL S7HAZL H Ad S sk o Mattheus et al
(2002)= RO 9F¢] permeate fluxet 52 AE Aol gt 29 gIF&
Ao AT NaClel EA1stA] &+ o Hisf] =0 20 TelA 40
T2 718 W fluxte 124 L/m*holl 424, L/m*>h® Z7F8ttn B a3l
v QT

Fig 416~4.18= fr&¥ #H9 . ¥=E 2#5t49 01 mg/L, L0 mg/L ¥
30 mg/L 5% & FYste] 35 CToAA 24 AL 24d8S o 7z
FAsEol e flux HstE UEA otk SbA Table 41014 yEkd
upel o] ol itE 73 HL 4kstE G EA A e 4kt o] 0.05
mg/L °old¥d A RO 9ol foulings 7F&Est A2 = v skslvt
(Voutchkov, 2010). AA& Fe % 0.1, 1.0 ¥ 3.0 mg/LE FY5to] 2
g A} 24 Az A A flux FAE 11.7%, 13.0% 9 143% 2 5745 of
dol F=7F A met fluxe] HAE AAE Aoz AU
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Fig. 4.15 Normalized flux of ' RO membrane for raw. seawater.
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Fig. 4.16 Normalized flux of RO membrane for raw seawater with
0.1 mg/L of residual Fe.
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Fig. 4.17 Normalized flux of RO membrane for raw seawater with
1.0 mg/L of residual Fe.
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Fig. 4.18 Normalized flux of RO membrane for raw seawater with
3.0 mg/L of residual Fe.
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Fig. 4.19 Normalized flux of 'RO membrane for various residual Fe
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AT 0.745 \ 0.745 0.745 AdFgx 0.895 0.895 0.895
FdHF 10 ppm FTYHF 10 ppm
nHbE T 250 rpm / rapid mixing alone SE kAl 250 rpm / 1 min
L ¥HA] 7 60 sec L = RTIA], 45 rpm / 5 min
A& E 8 m/hr & T 8 m/hr
<3 pH 6 7 8 <3 pH 6 7 8
o] 7 A 7H 5 15 30 5 15 30 5 15 30 o 7 A] 7+ 15 20 30 15 20 30 15 30
bed 1250 | 027 [ 015 [ 013 [ 027 | 015 | 0.12 | 0.26 | 0.15 | 0.11 bed 1250 | - - o1 | - - - - o1z
depth | 550 | 0.18 | 0.08 | 0.05 | 0.17 | 0.08 | 0.05 | 0.15 | 0.07 | 0.05 depth | 550 | - - 003 - - — | 004
(mm) ["g50 [ 0.07 | 0.06 | 0.04 | 0.03 | 0.06 | 0.04 | 0.07 | 0.06 | 0.03 (mm) [g50 [ - e - - e
SDI 354 3.35 3.20 SDI 294 - 2.94
A58 = 0.808 | 0.808 0.808 AF-gE 0.895 0.895 0.895
FIdF 20 ppm FYdF 20 ppm
nukE T 250 rpm / rapid mixing alone &k 250 rpm / 1 min
T HEA] ZH 60 sec <k 45 rpm / 5 min
qIE&ET 8 m/hr g & T 8 m/hr
<3 pH 6 7 8 <3 pH 6 7 8
EERES 5 [ 15 3 | 5 ] 15 3 1 5 | 15 [ 30 EERESG 52 [ 30 | 15 2 | 30 15 | 30
bed 1250 | 030 | 0.15 [ 010 | 0.27 [ 016 | 0.10 [ 026 | 0.14 | 0.09 bed 1250 | - - T o008 - - - 1010
depth | 550 | 0.17 | 0.10 | 0.06 | 0.15 | 0.09 | 0.06 | 0.16 | 0.08 | .0.05 depth | 550 | - -~ 7To03 | - - - - 003
(mm) 7850 [ 0.10 | 0.06 | 0.05 | 0.09 | 0.06 | 0.04 | 0.08 | 0.06 | 0.03 (mm) [7g50 | = 7 2a= - - B R
SDI 351 341 3.44 SDI 295 - 3.05
degx 0.780 | 0.780 0780 AFER 1.25 1.25 1.25
FIdF 30 ppm FF 30 ppm
wErE T 250 rpm / rapid mixing alone F& gk 250 rpm / 1 min
kA ZE 60 sec &k 45 rpm / 5 min
o3& E 8 m/hr qda& s 8 m/hr
2% pH 6 7 8 $3 pH 6 7 8
EERES 5 [ 1513 | 5 ] 153 | 5 ] 15 30 EERES 520 [ 30 | 15 20 | 30 15 | 30
bed 250 | 030 | 0.17 [ 011 | 024 | 012 | 0.08 | 024 | 0.12 | 008 bed 1250 | - ~ 007 - - — 007
depth | 550 | 0.18 | 0.11 | 0.08 | 0.14 | 006 | 0.04 | 0.13 | 0.06 | 0.03 depth | 550 | - ~ 002 - - ~ 1003
(mm) ["g50 [ 011 | 0.09 | 0.07 | 0.07 | 0.05 | 0.03 | 0.05 | 0.05 | 0.02 mm) [g5g | - e - - - |mn=
SDI 417 3.02 3.04 SDI 291 - 3.04
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A1 AR

SWRO A4t et ok dZee= 10 mg/L olst= AAE7]
T(World Health Organization;, WHO)9] W= & 32 7]|&£& Hx 50
mg/L o, &&= 40 mg/L old¥= Aozt o 8ol FA gtk
A7l falshth(Hasson, 2005). E3 @& Aol dZa% wite]
Adol Fow, Hjytel FAom <l 23 2
(Al-Layla et al, 1978) SWRO At+E 4% Al~dH
M FA 7 Aol ol gk SWRO A4 =3
3] remineralization°] Ab&E W, 7k &3] AREH = WH T sty 24
3] (Ca(OH)) 7 COE U3t A o] th(Fritzmann, ~2007, Withers,
2005; Vik, E.A. et al, 1996). &A1 3]= CO9F Agtel el gF2 wakzt

o

F(CaCOs) IS FAstod TS B Aot 4L EE SIHAA F
& A2 wRel d F Qlth a2y AA3E AUXA FSetd wl
A Yol LAty o] HH = A FREE 7 Ao v 59 F
= ol FAI ~Ade] #EE IAE #HYs7] 9si LSI(Langelier
saturation index;. LSDE AF&3l3 9lom SIS 0 ooz Aod AL

HAasta ATHAWWARE, 1996). Fritzmann (2007) 5% LSIE <Fgto] <&

o Hor fFAF T gk  eMdE-gEs YAste= Ao

remineralization@} §-21& WA sf=d] Frhal

#dHH FHEAAE pH, €248 E, Z

E3sto] AdE LSI gt FAsH7] Aeid = AAg 5227

. ek SWROE =852 AR&st7] Sl A48 &4 A& A,

T4 5AS gotste] 6 st g o &

2w MAE =EE 7]Eo]okgit

kA 2 AT Sl HEE dgarE SWROE &2 Igste F
o

AAl HAEH =9 23 293 16 in. RO 25 443k 1,000 m*/day
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2.3 99 Jtol=gQl

Table 2.12 Gulf Drinking Water Quality Standards®} WHOZ®S] 7}o|=
ghelS gk zlojth. WHO®O] 7hol=glels wad S8 2 243 LSI
05~1.08F WAlsta et o] foE RR. Trussell et al (2012) A
LSIE WHEA] 0~04% & A& F4sta Aot ofAH o &3 LSI
50 52 ofgh 49 groll A9AA FAlsteE Astes A Ffel G
Atz avE PAste] BE A BEstr] 9ol & & vt

(Fritzmann et al, 2007).
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Table 2.1 Drinking water requirements

(GS149/1993 maximum WHO Guidelines for Drinking Water

Parameter

permissible level Quality
Colour, Pt-Co scale 15 15
Turbidity, NTU 5 5<1°
Taste Acceptable Acceptable
Odor Acceptable Acceptable
pH 6.5-85 3
Total dissolved solids, mg/L 100-1000 1000
Electrical conductivity @25C, pg/cm 160-1600
Total hardness, mg/L as CaCOs 500
Calcium, mg/L 200
Magnesium, mg/L 150
Sodium, mg/L 200 200
Chloride, mg/L 250 250
Aluminium, mg/L 02 0.1-0.2
Iron, mg/L 0.3 0.3
Copper, mg/L 1.0 1.0
Zinc, mg/L 5.0 3.0
Manganese, mg/L 0.1 0.1
Residual chlorine, mg/L 0.2-0.5 0.6-1.0
Boron 05
Langelier saturation index 0.5-1.0
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2.4 B2 Ao 7
24.1 o233 +A

RO Aitgel A =& A4S Aolstr] flal 2 7 WRiEo] =95
of gt 2y 2 T 7P ER¥A R ARREHE WHES RO Ak &
3] (Ca(OH)») 2 COE FYste=  AHolti(Y. Gacem et al, 2012
Fritzmann et al., 2007, Withers, 2005). 24132} CO.,9 F+2 pHe} A

L, =g A Aojsts WHoR i{iﬂrﬂ relsttt. st pHeb v
£ 7kl RO Adtee1s =& 84S AY7| ”ﬂ’froﬂ 24

gl
Aol fa pH A&, dZ&H=s A= ﬁolr/}. T3 Vik et al

‘?3% DH94 o 2 ‘IQI‘% o =4
kst o1 7he

g Y A= ‘ﬂ"ﬁ%ff st S QA=A  LSIY  CCPP(Calcium
carbonate precipitate potentialy. CCPP)& A ®3lo] B2AAS ZH3ta
ow nx =Y Fo] L8IZ 0 oo ®E FAT AL Ausa k. oy
Edol e LSIE oFtk ¢ Fs FAE s Axsta e olAd
ol &L3lolA LSIE 0 =& of gt 4o #hol A¢AA fFAses dst=
AL ol gFe vhabzdg s FAgste] #E FAelA Hatr] 39

olgtar gt 4 A tH(Fritzmann et al, 2007).
2.4.2 LST 9%
A ek E3A R LSIE =9 AA pHeF shabz 4o ¥3}
= A

pH(=pHy<] #= xd=E &
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(2-1)

LSI(Langelier saturation index) = pH - pHs

LSI zkol

G
ol

A

Al pH gkel pHs ftth

o}, wekA

o7 oA

2

SEXC DT

s

}o] Ao 2 feedback

Sk

Z

g8 ANFe 542

of of

Fie

_89_



K = different empirical constant from LSI to account for tempe
and ionic strength (Figure D-2)

rTDS Constant C

Example ‘“” Ill
T o096 0°C (32°F)H— 29
emp = .—-—-[-TTn [
pH = 76 - i L J l 28
Catt = 800 mg/L as LA+ 4.4°C (40°F)
CaCO; —— — — = H——— 27
HCO3 = 7748mgl —TTTT] | LT 10°C C (50°F) N
as CaCOg === — ””H] 26
TDS = 7,853.6 mg/L 1T T ST 5 o
(use 5,000 mg/L — =a 15.6°C (60°F)|| o5
pCa = 210 LT L —
pHCO3 = 1.81 - 21.1°C (70°F)H— 2.4
c = 237 T
pHs - 6.28 = = T 1565 (80°F) 23
pgh = 819 | LT |
Lsl - = T -
e —t——F =L LT 32.2°C (90°F) ®
=T — == LT 21 3
- e BERmEEES ) | L 7 oF
- | L JENES, :? 8°C (100l I) o 8
_,af"f C LT LT ™ 43.3°C (110°F)
5.0 =aal - s 5 T 1.9
I~ L L L+
| LT LA .
2] N
N T ¥ 17
[ .
@ 4.0 p*‘.iCOJ = 3
) f I AN
3 1 T a~* as mg/ll, CaCQO,
a | NS TN l 1
E 3.0 1 q T T
S HCO N ins pCa
I mg/L 3 iy
% ] e i o —_— i = J
a 2.0 ] i =Calim -
Lt (A ‘\L\
T~ ~
“ ?‘Ns ™
1.0 i i ;
1 2 5 10 20 50 1100 200 000 5,000
% gt /
M
- re )
Fig. 2.2 Monogragh for calculati h_e_ .L-angeher saturation index.
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EoAGg A AEH A4S 16 in.9) RO EE(RE 16040, Woongin) =

AL Qe AR LS pH 75, 282318 E(Total dissolved solid; TDS)
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Table 3.1 SWRO permeate quality

Parameter Unit Raw water (mean)
Temperature T 12.3-21.3 (17.6)
pH - 7.00-7.75 (7.50)
Turbidity NTU -
Conductivity (mS/cm) 0:.294-0.611 (0.439)
TDS mg/L 0.162-0.336 (0.241)
Hardness mg/L_as CaCOs 45-12 (7.7)
Alkalinity mg/L as CaCOs 5-9 (7.2)
LSI - -24 to -1.7 (2.0)
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B Ao A ojo & =y} 7]FS olg Table 3.2 YEMN
o Ak e B FAVES FAAS Aot S8 AR 23
A]4=(Langelier Saturation Index; LSI)E AF&3Fth LSl &9 H2]A &

Uet 7] 913 Aol HA SA4¥ pHe o] &4 3} pH? pHso| A=

LSI= pH—/pH .= pH—(9.3+ A+ B)— (C+ D) (3-1)

714, A = (Log[TDS]-1)/10
B =1-1312' x LoglC+273] + 34.55
C = Log[Ca®" as CaCQs] - 04
D = Loglalkalinity as CaCOs]

Table 3.2 Corrosion parameter and-WHO Drinking Water Quality

. Hardnes L
pH Turbidity TDS Alkalinity Temp. LSI
S
1 NTU 100 50 /L 40 /L
- ~ mg mg _ -
1€ 8 oldt o 5 mg/L o)A o) 4 0.5-1.0
o] 3}
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X717 2 Iy
FAFEEAL 9% BA7171h HE L Table 339 Lhehgleh,
Table 3.3 Analytical method and instruments
Jar tester Jar tester (Phipps & Bird, Model 7790-701B)
pH & HORIBA F-54 BW portable pH meter &
Conductivity portable conductivity meter
Turbidity HACH 2100N Turbidimeter
Hardness Standard Method (2340 2-44)
Alkalinity Standard Method (2320 2-34)
LSI AWWA, Reverse Osmosis~and Nanofiltration p. 207
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3.4 A3

1) Lime water

oot AFEH lime water Ca(OH)2(JUNSEIL Japan)<S Al-g&3te] 2
ol ALg3l7] A 1500 mg/Le] =2 fA12 & TEE FA3A FA4
371 93] magnetic stirrer® WHFAA AFE &t WA SWRO AAFE
5 279 Jarel ¥ v 1,500 mg/Le]l A413E 50 mL/L(70mg/L as
Ca(OH)y) Fdstdtt. of7lel CO; 7t=5 A E7|AZIAY CO; E3b
FAdste] HF pH7} 70l H =% ZA3Ath Lime wateret CO, ¥3}

o] FUA A= F 2 oy, FH FA=150 rpm o2 10 ¥k 30
i XA d=, 79 10 cm oA AIRE AFHEAL. AR WIS
HAxrzet7] Y9 A ZA pH 2 g%, A%, %}%FJE A7) AEE, F&

58 =Asg o 23 G dime waters B5 v, 2¥s unjr}

> mlm

r?i-l

2) CO, 3}

COy= Ca(OH) 8l &l =5 @&HA71aL pHe d2de|=s 437 93|
ARG EI T Al AHEE COp E3t= % 99.9%(W/W)el COp 7F&
& Y% RO A1 TekkAl 2217 Fot WA AIA
CO, 8712 pHe| ®3F&E QU7 7k Aotk Abgstal @2 CO; HE

pks
St B WEal A9 e weig A8k ARE-sha

o

Age] ALEH Jar test AE7|7I= 6719 WHMHAAE ZtE Flo=®
Phipps and birdsAt2] Jar testerE A3t om, dHe]= paddle
(two-blade) H2Jo2x =7 75 ecm" x 25 cm oAtk SH A A
AREE Jar & 115 emW x 115 em® x21 em!! 91 AW 2

AFE3EEA T Jar test ol A9 FEESIE 250 rpm(G=550 sec ! at 207C), 1
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Fig. 3.1 Schematic diagram of Jar and Paddle.
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Table 4.1 CO;, FYW2A o & +4 W3
Unit CO, T34 CO, 7t
Lime water dose mg/L 50 50
Saturated CO; -
mg/L 150 CO; Gas A H 27
water dose
pH - 6.98 6.95
Turbidity NTU 0.405 0.487
Conductivity mS/cm 291 2.98
Hardness mg/L 84 96
Alkalinity mg/L 94 110
LSI - -0.6 -0.5
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Table 4.2 2439 CO9 FHLA R W& W3] wg 20 n

o . Hardness Alkalinity
Turbidity Conductivity
pH (NTU) (mS/em) (mg/L as (mg/L as LSI
mS/cm
CaCO03) CaCO0s3)
Raw water | 7.54 - 0.420 4 6 -2.4
Lime |10 sec| 805 2.2 2.69 88 100 05
+ 1 min | 8.06 2.19 2.72 83 100 0.5
COq 5 min | 8.08 2.80 2.70 84 100 0.5
CO, 10 sec| 8.03 2.14 2.69 83 100 0.5
+ 1 min | 8.78 12.7 2.69 80 98 1.2
Lime |5 min | 9.33 474 2.49 66 86 16
14
Em Lime + CO,
12 TR M ST, TR w090 ‘Wam 0 g : c02 + Lime -
10 T . Y L . -
8 L ——— . s el R -
T
o
[ ¢ _
4}k 4
2F _
0
10 sec 1 min 5 min

Reaction time, min
Fig 4.3 CaCO3% CO9 FYdcAl & WEZA| 7o & pH ¥ 3}
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120
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Table 4.3 AXAFY EES EFT A9 &4 W
RO . g 7, | BALS 5,
) A F 2
Parameter Unit b2 FEE |AAF 10 PR P
Lime water
mL - - 50 50 50
dose
Saturated CO.
mL - - 110 110 110
water dose
pH = 7.16 7.60 7.90 7.96 8.00
Turbidity NTU - 0.754 0.791 2.49 3.06
Conductivity |mS/cm| 0.440 1.03 2.40 2.64 2.79
Hardness mg/L 8 73 88 100 110
alkalinity mg/L 6 32 96 106 116
LSI = - W -1.0 0.3 05 0.6
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44 pH 8.0~9.02 =43 A4+ (BWRO)9 +2 W3}

SWRO Aitre BES AAE 98l Al BWRO(Brackish water
roverse osmosis; BWRO)Z &3t 2Y-passe] A& ARt HEQ
AAE f18 7P nEdqoes Agy = Wy BWRO 34 49 #el pH
= 9~10 7+A A5A17]1+= Aolth(Faigon and Hefer, 2008; Magara et al.,
1994). webA 2 AP SWRO A5 E BES AAE 93 BWROE
A AR JFgEte] FdE Hd¥ge®, SWRO A4 pHE 1 N
NaOH=Z 8 % 92 ZF7FA1Zl H lime water®t CO.E T3ttt o 7] A
pHE 8 % 92 ZF7MAIZl o+ pH 9~10 oI &Eo] BWROE &3}
HA oF pH 1 A HasteE A -1—345} 740]‘:}

Table 4.4~45% pHE 8 9= X%

3 CoE Y@ 9 FEamd &
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O_|_4
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mlm
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Table 4.4 Water quality of posttreatment at pH 8 (BWRO)

Lime water
70 70 70 80 80 80
dose (mL)
Saturated CO;
150 200 250 150 200 250
water dose (mL)
pH 6.72 6.40 6.14 6.70 6.39 6.11
Turbidity
0.453 0.343 0.218 0.483 0.320 0.254
(NTU)
Conductivity
3.32 3.31 3.34 3.46 3.46 3.43
(mS/cm)
TDS
2224 2218 2238 2318 2318 2298
(mg/L)
Hardness
116 116 116 124 124 124
(mg/L-CaCO3)
Alkalinity
132 132 132 140 140 140
(mg/L-CaCO3)
Temp. (TC) 24.0 24.0 24.0 24.0 24.0 239
LSI -05 -0.9 -1.1 -0.5 -0.8 -1.1
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Table 4.5 Water quality of posttreatment at pH 9 (BWRO)

Lime water
70 70 70 80 80 80
dose (mL)
Saturated CO;
150 200 250 150 200 250
water dose (mL)
pH 7.60 7.35 712 7.70 7.45 7.22
Turbidity
0.525 0.500 0.457 0.458 0.445 0.418
(NTU)
Conductivity
3.08 3.06 3.05 3.15 3.13 3.13
(mS/cm)
TDS
2064 2050 2044 2111 2097 2097
(mg/L)
Hardness
102 102 102 114 114 114
(mg/L-CaCO3)
Alkalinity
112 112 112 124 124 124
(mg/L-CaCO3)
Temp. () 255 255 255 25.4 256 255
LSI 0.2 0 -0.3 0.4 0.2 -0.1
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