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1. Bt&2| & (Membrane Separation Pro-
cess)

AT pee 223 @ opESE Qg 1eE,
49 Aol 2799 @} iYL g
F2% 3402 I4HT dof 4T HF
o, FEFY 5 TLHRD oz} oz, 4

I oofd ok K

B 1499 dejd 9@ e

7] -4 -3 | A-of | d-7]
%‘ % _7;; % 7—{]‘ zd
2 a] why -dzzl F2 (d-o |[2EyH
N nhE 22y | 48 | 2ERke |oleus
B 2. $xded o3 &3
Barrieref System o}
g pe |avpy | N H
qu AJ—E
oot | N%E
27154 —"‘—Tll/ﬁ' L "':X]'Tf,:rr
ey | o3k A
A7) Ak 3 R
A4 o R o

41

3 o #Aokd ol277A] Fe8 AFHAs) F
T 3t

a3 e 98y 443 dald Qg Ly
Wt EAolE &, o|F4E Yo s]Qg Hajuby
S8 FHE  ged oy EFEY F4 44, &
3 Aol AFLET} M2 o2 AL o047 7
olt}(® 1, 2).

Z¥Aete] ofgk EAe Eel: ok 204 S.
Leobel 2lgt ma &9 wjthyRejnto] sube]n4
FE53A HAE e, e} gT, dyiE
7t A& AH oo Desalinationd B|E£§ T4
FH, A5 HEE 59 FAYRolel Agdsw
ol &¥ut A Aol oJa AEFe) e
=, getgqle o, AA, Aays 5o s)a)ia),
AFAe 2 AN o]2s7tx] B 9aA
L4587 9t

oj9pzke 2t oj843) RelFAL uto yu), 2}
¥ @ HgFold wie}l U3}, FHejeis}, o4t
T, 71AEE 9§53 5o BEEM o= 3
Ao EAsl= Pored] zv), uhe] FdA, g
4 2 2o A Yo del FEIG. E 3¢ o]E
o] BeEXS Aestg).



42 ol i

E 3 % pelrlee) 54

o3

LR T T EREEEE 4 & ¥ of
Y e A%t 3 Pore size 4 & | AAEd9) 257 AZ,
& = of 24 | (Pore size 0.1-10zm) (011 pary | HESA VAT e AL,
' A A% 4ES Foln
AT 255 AE
I S5 £YE ¥
51905 | Pow s S 203 10y | BEY (A AE e AdE A gaed
Somverts 110um #M 1 (05-1Bar) | (Sieving) Y7 i gl
pe g BisA 85
B, AAZY A4
A5 Fderd 29
uleh 44 Skin o 44 3 AR Ee P4
9 4 ¥ |Skin 3:@U% (20-100 Bary | £ #2 17 233G doles
Pore size : A se, FETYY) T, Folek, 53
)55, Aol
SR S o (3 A B T B ot
B g Ty " T |, . T e s = or:or o “
T 4 o}, Pore size 10.1-10pm) w= A Zof Ao &4t jﬂ;}iﬁ; E]—Fwo el e
ERENEF ]
‘ gk ol4ks} s el
95q 3, St
AA | @, o gras MY aedd saes
5 = 2159 AreE
4259l Hazts 04
: . e B
e 2 35 o, 34 - .
2334|742 = 7 &4, & ZolsgEe Bo
%ol &g
v lorrs o . o Ao Wal, | ke Az, FU§F A8k £33
AT A FolE Fole 2 H WA gy del $34 9%, 4F, ALTYe
ol s}, 1542

gisete #5e dese FHo2 AEEHAA
2o Aok, 9 2w A A Ll
ol Autg subg §71849 FEHeAAA S8R
sch. grojoizpate mialke] 4L Yo o
g1 glovh, $eleingAe) Fagh FAHL T
o] gfol] wlelshx] okw A FAF =
sk Aolck. ol o Falol Geldol A, 449
AbEqh, ko] Fubg) o wholo) F3 Fo] dofdh
o] gAFEE F7HA717] it n&o B FEA
22 oYz e} arl7h F7hset. o)E A s
NE e gd mEe AA, A ade] 9 oA
d, ool gxe] § A2 7lapite] & 7Hh

Eapzuge AaryRct o WA el AgH
ot Ay aulzh SRR Fob 43l
A Faepl A4 o o] FTAT T
e FeT Ao v oekd AnA S5

-
Y

s
= (o]

Auel, A3 A23F, 1993

3 Egsted AgET ok 2 e f71E9
Belo] H43l7) g AR Ade] AFE
a7z ek o)gele skate, B4 §= A4
s Ay At oA Z7|dAlY HFEL
Sl AHoln R ofrle e e 7)Ee $AAA
2 Adgst7] sjstod 7H wol BAET sde] ol
Agd AaFe FAE FAoz FHMAE 4Hs

7t gk

FAz g 7EE ez abeb AAY 71Ee] W
sahc} AaFate] A ol FAzel 457
oo TAAAA A WA zese AL A
2 s A4 2o



See) FYEA U &

o Ao wa} ety A, FyAw], 3
AAA Fol AHR}. A 54 F TAH 9
& UAE 2E Fetsto] HAA] o]F ubedsdo}
ot el %S vAE 29e Y5 F45
o dx 4 % %EHe AH5o Foulingg o
7]+ Dissolved % Suspended Colloidal4l =3
Biofouling& 42 7] Microorganisms, 2} el 4]
=t o8] Y= CaCO,, CaSO, 52 Scale
¥4 EAE gL TAMAA ndstoel &
449 54L& At}

Raw Water Characteristcs

Source of Raw Water Supply
Surface Water
Well Water
Municipal or City Water
Other-Waste Water, Sea Water

Key Parameters of Raw Water Analysis
Total Dissolved Solids
Total Suspended Solids
Organics, Color

- Inorganic Analysis

~ Turbidity, SDI

-TOC, COD

Dissolved Gases ~ Chlorine, Hydrogen
Sulfide, Ammonia

Sparingly Soluble Material -~ Fe, Mg, Ba. Sr, Ca,

HCO;, SO,
PH

Microorganisms

Equipment Sizing Parameters
Temperature
Supply Pressure
Supply Volume

webd JabFute] FAMA A o= —.‘?:’ﬂ% g
Az Adulep 27 HzAL WFAF 4 =
Membrane System#d#, System Control, Cleaning
method 58 1123te] AdA|stedo} g}, ez Ao
HeE 28 1o Yehgich.

Pretreatment - Softening

Carbon Filtration
Depth Filtration

43

Acid Injection
Scale Inhibitor Injection
Biological Control
Dissolved Solids Removal - RO
lon Exchange
ED
- IX Polishing
pH Adjustment
UV Sterillzation
Submicron Filtration

Post Treatment

Specifications for Treated Water Quality
Characteristics of Raw Feed Water
Quantity of Treated Water Required

Raw Feed Water
Characteristics TREATMENT Purified Water
>

Impurities—Dissolved SYSTEM Desired Water
Suspended Quality
Colloidal

Temperture

Pressure Reject Water

Water Source

8! 1. Process Selection Criteria.
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of o3k wky | &4 £71% Ak A (Cl,, NaClo, O, O,
444 7718 KMn0,)
Hrhz A £ =z243 Fe(HCO:),Mn(HCO,), AHHC,, H,S0,)
- kg CaCo, _~~ | %#e|[Ca(OH),, NaOH, 24 3]
MgCO, ~_— Inhibitor
e o
CaS0,, MgS0,
SS(etx, 718, =%, sshite 43 AA[Ca(OH),, AL(SO,), PAC,
of ofgt 4o, 74sE FA) FECL, 2282} £44]
84 F71E R
Colloid &4 LAt o3} F3
AAEA AHA L L34 T E A |7} (1-25¢m)
AHA7Y A A H,SIi0, TZE o3}
Fe(HCO3)z, Mn(HCOJ)Z %7\(:] O:‘j”}’(PAC %‘)
Ca(HCO,).,Mg(HCO;), o) g
kL F44 B2 Agetolr Uy
&7)(0, CO, 3T, £7))
CaCO4(S) + H* == Ca** + HCO?-
2.1. 3. Scale Control
18I AL b
Membrane®] Fouling #4He s} Scaled & B Kegs
U5 ol ga5le) Qi Ca**, Mg, Ba*?, Sr' Keq— [CATIIHCO™] _Ksp @

59 okol@3} HCO, CO* 59] golgo| Agls
o Hard ¥ Soft & HAEL YA tudde)] Fis
WA YA =}k Soft Scaleql CaCO, Si0,= Mem-
brane] HAl# |1} Chemical cleaninge & =7 7}
&2 Hard Scale)l CaSO,, BaSO,, SrSO, S¢&
det Scaleo] ¥AHW AA7} ZAHEE Mem-
braneol| §<157] " 2 Solubility e Tejsle #
A2 x22g Aajglojol g o9} 7+e Scale 34
¢ 4% 4 9l: AFE Brackish Watere 29
o= Langelier Saturation Index(LSI)& Sea Water
2] H$oll+ Stiff and Davis Stability Index(S &
DSD) & Al4-ghc}.

7}. Calcium Carbonate(CaCO,)
HCO* == H** CO*

SLCO T LHY
K ="Thco 1~ W
Ca** + CO# —>CaC0s |
Ksp = [Ca”] [COS—Z] .............................. (2)

S= HyPdehel A

[H*] K,

(A& HA =z

PHs = log Ksp/K, — log[Ca**] — log[ HCO?- ]
ojof pH. 859w HCO*-9 ¥%i Methyl oran-

ge alkalinitye} §Ust P4 Kspol K& 2%
9} Ionic strengthol] Q&8 g ¥24%9 [S[=

LSI = PHb — PHs
PHs = pCa + pHCO; + C

7b "k 7)o 4 pCat Ca¥®9 (—)logeln,
pAlks el x 9 (-)og Ftolth. PHb: 32
59 PHol™, Cx Hdl 2xolxe TDSe 37
5 Abgrolt}. o)l 2¥ 29 Langelier Saturation
Indexol| & A 4bo] 7}5-3}c).

PHb = 6.30 + log RbelH
Rb = HCOy(as mg/¢ CaC0,)/CO.(as mg/¢ CO,)
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LSI7H(+) o)™ A Aslo] Scales ¥A3t# =t
Sea water2] Z$12 o]e} FAlst).
S & DSI = PHb — PHs
S & DSI7} (—)o]™ CaCO* 3= &8 Aefold S
& DSI7} (+)o]® CaCO= A el7} Sk S &
DSIZ Axtst7] M 5559 oA Ed At
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TDS Constant “C"”
0CEEF 20
O T 52
L 11 H .1
T - 11 0:
o 5.0 HH F1.9 3
2 I T “__M Ow&«
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12| 3. Effect of HCO, and CO, on PH.
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Cit= o8] %= (ol&ppm), Mwjt ol&gl 4}
%, TDSE ges] F§aiwolch

Sgalzol o] 29 BAASTE T 83} ).

t}. Calcium sulfate (CaSO,a), Barium Sulfate
(BaS0,)

[Pb > Ksp A 3HA

IPb < Ksp 23 Scale A 9%

IPb = Ksp 33 9 23} 84 ¥

w2} 4] Hard Scale Control& IPb < 0.8(Ksp)7}
5|5 & dlojo} ghr}.

o}7le)l 4 [Pbe
Solubilitye} ™ CaS0O,2| o
of hehf e

t}. Si0.

Si0, Scale® Si0,9] 4HEe) HAHT 2o
SiObet E&Are] SiO it &3 Eo 4 Scale Gui-
deline® Si0, < SiOlite]™ SiO,lit (SiOtemp)
(PH B3 AT) 2 A4k

SiOstempe 23 5ol vhepisie. whebA Si0, <
SiOulite]m o] A=A ke SiOb > SiOlit
o} Scaleo| 34 %I}

L X2 0

E 8. Conversion Factors

lon CaCO, Factor Molecular Weight
Cat? 2.495 40.08
Mg** 4.112 24.32
Na' 2.175 22.99
K* 1.279 39.10
Srr* 1.141 87.63
Ba** 0.728 137.36
Fet* 1.791 55.85
HCO*- 0.819 61.02
SO,= 1.041 96.07
Cl- 141 35.4
F- 2.632 19.00
NO*- 0.806 62.01
COP= 1.666 60.01
POt = 1.579 34.98
Si0, — 60.09
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2. 1. 4. Case Study
AA =4
TDS :1,963mg/ ¢
PH 1786
Temp :20C (Max.25 C)
Conversion : 75%
Capacity : 10,000 M?/Day
A 27
opol e % (mg/l) sole sE(mg/ )
Ion | CaCO;, Ion | CaCO;
Ca* 80.2 200 | HCO®- 244.2 200
Mg*+ 24.3 100 SO= 480.3 500
Na* 551.7 1200 Cl- 567.4 800
Total 656.2 1500 Total | 1291.9 | 1500

Si0, : 42.4mg/ ¢ as SiO,
C02 10mg/€ as COz

47

7}. CaCO, Scale
®75% Conversion®] 7%
factor (CF) Y+

CF=1/1-Y = 1/1-0.75 = 4

© Ca**s} HCO™~ 9 TDS$| 554a142) &
e
Ca**, = 200 %4 = 800mg/ ¢ CaCO,
HCOb = 200 % [1—(0.75)(0.044)/1-0.75) ]
= 773.6mg/ ¢ CaCO,

TDSb = 1963.1 %4 = 7852.4mg/ ¢

CO.b = CO,f = 10mg/L as CO,

5559 PHb+ PHb = 6.30 + log Rbe]w, Rb =
HCOsb(as mg/ ¢ CaC0,)/CO, (as mg/ ¢ CO,)olx
2 Rb=773.6/10 = 77.4 ¥ 394 PHb: PHb
= 8.19, PHs = PCa + PHCO; + Co]|=& 18 29
A =210+ 1.81 + 2.26 = 6.17

LSl LSI=PHs — PHb=8.12 — 6.17 = +2.02

areba CaCOse HAE YA4gct

nea

Concentration

1}. CaS0, Scale
® 559 Catr ¢ 8029 5=
Ca**b = 80.2%4 = 320.8mg/ ¢ ion
SO*b = 6104 %4 = 2441.6mg/ ¢ ion
@ Ca**9} SO2 9 Molality=
(MCa**)b = 320.8/[ (40.08) * (1000} ]
= 0.008 mol/ ¢
{MSOZ )b = 2441.6/[(96.08) * (1000) ]
= 0.0254 mol/ ¢
® CaS0,9] [Pbe
IPb = 0.008 % 0.0254 = 2.03 % 10~* mol?/ ¢2
® 53459 ole rt

2ol 49 . )
o]& % (mg/ () MW | Mj | Z7 | MjZp
Catt 320.8 40.08 10.0082| 4 0.0324
Mgt 97.2 2432 |1 0.004 | 4 0.016
Na* 2206.8 | 22.99 |0.0967 | 1 0.0967
HCO?- 204 61.02 10.0034| 1 0.0034
Cl- 2269.6 35.46 | 0.0645| 1 0.0645
SOt 2441.6 96.07 {0.0256 | 4 0.1024
Total=
0.3154

mebA Ibis Ib = 1/2(0.3154) = 0.1577, Ib7} 0.
15770]n.2 2§ 44 Kspi Ksp = 4.3% 104
azhAl (0.8)*(4.3*107%) = 3.4%107* IPb(0.8
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2.2.2. Membrane System

Az #A A " Y4 Membrane Sys
temol| 4 434 olol AAR FHpe ¥
Brineo@ g%}, Membrane System2] 32 4d¥|
2= 545 /RHAA F= 25 Eet Membrane
Module 18]7 358¢& ZAH#F7] & DBrine
Lineo) Al =% Control Valve %o| <ch. =3
Membrane Module F¢jo] 22 Ra 857 93t
oteds} &% Shut Down Switch 281 3|5& zA
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H. P. Pump 1st Stage 2nd Stage

-»  Feed Water
=2 . Product Water
. = ! Brine

12| 6. Membrance Arrangement Design.

H.P. Pump 1st Stage 2nd Stage

__.‘_E-—»-—-»

|

>
w»  Feed Water
=5 Product Water
-+ . Brine
32| 7. Membrane Arrangment Design Brine Stage.
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3. Computer Projection

3. 1. Design Program

Membrane System AA= 2stzA e U5
o] 4% 723l Membrane Element el 9 4,
Flement Housing % Size, 3|4&, Element HH%,
FH o W Fohgure AYch

oj2}zte  Process Designg ¢3le] dlF-E9
Membrane Makerell 4 742 Computer program$
Wk, AAo) A48t E sk 9Jrk. o] Program€
A8y daMe 271 9 Datad BAH, s
ojo} &fvd 1 W4 g3t At

— Raw water 5% 24 Data(ppm, mg/ ¢ asion)

— System &£ (gpd, M3/D)

~ AL s (Hgex9 Max Design &%)

- Membrane element®) =7] %2 ¥y (Spiral

Wound, Hollow Fiber, 27, 4”7, 8")
— Element housing(2—, 3- or 6 element/housing)
— Fouling factor(1-0.8)



— Recovery Rate(1-100% )
— &35+ (psi, kg/cm?)

18 % Datadl] 8] Computer program2] Output

el THEA W 54

= Product @ Rejection water®) A, ¥3 %
Rejection st¥, Flowrate, A2 87 o8 Zo

A HEE AZU} Y Datad WshAlA 3

A4 wld& A9, Process Designg 2335t}

3. 2. Case Study

o 2 Computer Projection A& o3} 7},

PREPARED FOR : CASE STUDY
ANALYSIS BY : K. H. LEE

DATE : 93-06-30

FEED : 557.33 M3/H, 1976 MG/L, 20 DEG C

RECOVERY : 74.9 PERCENT

Scale Control 2] Case Study Z-¢-¢} 7+& +Az4

13.9
2.5

ARRAY : 1 2
NO.OF PV : 64 32
NO.EL/PV : 6 6
EL.TOTAL : 384 192
ELEMENT : BW8040 BW8040
FOULING FACTOR: 0.85
PRESSURE(BAR) FEED REJECT AVERAGE
OSMOTIC PRESSURE(BAR) 154 12.5
NDP(MEAN) = 114BAR 1.2 45
ARRAY ELNO. REQOVERY PERMEATE FEED
M3/D MG/L M3/H MG/L PRESS(BAR)
1 1 0101 2115 42 87 1976 15
2 0.109 2046 50 7.8 2193 15
3 0.118 1980 58 7.0 2455 15
4 0.129 1910 68 61 2777 14
5 0.141 1816 81 54 3180 14
6 0.155 17.08 101 46 3690 14
2 1 0.085 1590 113 78 4347 14
2 0.088 1498 129 7.1 4742 13
3 0.090 1406 148 65 5186 13
4 0.093 1313 171 59 5686 13
5 0.095 1217 199 54 6250 13
6 0096 1119 23¢ 48 6884 13

49
ARRAY : TOTAL 1 2
REJECT M3/H : 2487 1401
REJECT MG/1 ; 4347 7592
PERM M3/D : 10013 7408 2606
PERM MG/L : 9 65 161

PERMEATE, MG/L AS ION

NH4 0.0 0.0 0.0
K 0.0 0.0 0.0
NA 278 200 499
MG 0.7 0.5 1.3
CA 2.4 1.8 4.2
HCO, 9.4 6.7 16.9
NO, 0.0 0.0 0.0
CL 31,0 223 560
F 0.0 0.0 0.0
SOR 174 128 304
SIO, 13 1.0 2.0
FEED/REJECT, MG/L AS ION

NH, 0.0 0.0 0.0
K 0.0 0.0 0.0
NA 952.2 12130 21144
MG 243 538 945
CA 80.2 1775 3118
HCO, 1716 3763  654.8
NO, 0.0 0.0 0.0
CL 567.4 1244.1 2165.0
F 0.0 0.0 0.0
SO, 537.4 11887 2086.5
SI0, 424 938 1649

TO BALANCE 05 MG/L SODIUM AND 00 MG/L

CHLORIDE ADDED TO FEE.

FEED WATER IS SURFACE WATER (BW) SDI 3-5

FEED  ACIDIFIED REJECT

FEED
HCO;~(MG/L) 244.2 1716 654.8
C0O,- (MG/L) 10.0 62.4 62.4
S0,—(MG/L) 480.3 5374 2086.5
CA—(MG/L) 80.2 80.2 311.8
TDS - (MG/L) 1991.0 1975.6 7592.0
PH 7.60 6.65 7.23
LSI 0.14 -0.96 0.77
IONIC STRENGTH(MOLAL)  0.038 0.039 0.149
IP CASO4(SQ-MOLAR) 0.10E-04 0.11E-04  0.17E-03
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[P CASO4 AT SATURATION(SQ-MOLAR) = 0.33E-03
SULFURIC ACID DOSING (MG/L, 100% = 58.3
TEMPERATURE(DEGREE C) = 20.0
RECOVERY(PERCENT) = 74.9

Audel, A3A A 23, 1993

-

o) #F @

TO BALANCE 05 MG/L SODIUM AND 0.0 MG/L
CHLORIDE ADDED TO FEED.

ESTIMATED PERMEATE PH IS 5.4

SULFURIC ACID CONSUMPTION

(100% CONCENTRATION) = 7789 KG/DAY



