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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 - Inorganic Analysis

Total Suspended Solids - Turbidity, SDI

Organics, Color - TOC, COD

Dissolved Gases - Chlorine, Hydrogen Sulfide
Ammonia

Sparingly Soluble Material - Fe, Mg, Ba. Sr, Ca,
HCO3, SO4

PH

Microorganisms



Equipment Sizing Parameters
Temperature
Supply Pressure
Supply Volume

welA giFEute FAFLAAANNE A uT AAMe duie 87 A
gz0g¢ HEAE § AT Membrane Systemd A, System Control,
Cleaning method%& I #dte] dASdel foh AFAH /H2E 19
1ol YepiAT

Y 1 Process Selection Criteria

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

Pretreatment -  Softening
Carbon Filtration
Depth Filtration
Acid Injection
Scale Inhibitor Injection
Biological Control



Dissolved Solids Removal - RO

Ton Exchange
ED

Post Treatment - IX Polishing
pH Adjustment
UV Sterillzation

Submicron Filtration
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2. 1. 3 Scale Control

Membrane®] Fouling 8% X3t Scaled FUF Fol &3 =
o3lE Ca++, Mg++, Ba++, Sr++%8 %o|3 HCO3-, CO3-59 Fol<
o] Ao} Hard ¥ Soft & HHAEES A FREW FAHAEA A
¥} Soft Scale®! CaCO3, SiO2¥ Membrane®] S & o]} Chemical
cleaning2 2 A|A 7}& 3tARF Hard Scale®! CaS04, BaS04, SrSO4% &
A Scaleol FAHY AA7F TR EE Membraneol FHH7] Aol 2
Solubility & 223t MAe x2g AAstdop gt o] e} ZE Scale ¥
AL Cd&F¥ 4 A¥ AFEE Brackish Waterd 7299+ Langelier
Saturation Index (LSDE Sea Water® 79l Stiff and Davis
Stability Index (S & DSDE Ah8-&tt.

7}. Calcium Carbonate (CaCQ3)
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PHs = log Ksp/K2 - log[Ca++] - log[HCO3-] ¢ ™

PH. 85949 HCO3-2 FX+ Methyl orange alkalinity$} Y30 HF
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LSI = PHb - PHs
PHs = pCa + pHCO3 + C 7} |€th
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PHb = 630 + log Rb °|H
Rb = HCO3 (as mg/1 CaCO3) / CO2 (as mg/l CO2)
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X 8 Conversion Factors

Ion CaCQO3 Factor Molecular Weight
Ca++ 2.495 40.08
Mg++ 4112 | 24.32
Na+ | 2175 | 22.99
K+ 1.279 | 39.10
Sr++ 1.141 : 87.63
Ba++ 0.728 | 137.36
Fe++ 1.791 55.85
HCO3- 0.819 61.02
SO4= 1.041 96.07
Cl- 1.41 354
F- 2.632 19.00
NO3- 0.806 62.01
CO3= 1.666 60.01
PO4= 1.579 94.98
Si02 - 60.09
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¥ 5. Effect of Temperature on SiO2 Solubilty

o}, Si02

SiO2 Scale® Si029 €dx¢9 #FAHD FH4 SiO2bY T
Sio2lit E#MENA Scale Guideline

Si02 < Sio2lit °1™
. SiOzit = (SiOzenp) (PH RAAF)E AT,
SiOzeqp= 1¥ 591 YEMAAS. mebA Si02 < SiOaeol™ H Aol FAH
A gkov Si02b = Si02lit ©1H Scale®] ¥A AT}



2. 1. 4 Case Study

AA =4
TDS 1,963 mg/L
PH 176
Temp 120C (Max. 25 C)

Conversion : 75%

Capacity : 10,000 M*/Day

A2 }—Z.]_
T (mg/L) 5 (mg/L)
ool 2ol
Ion As CaC03 lon As CaC03

Ca++ 80.2 200 HOO3- 244.2 200
Mg++ 24.3 100 SO4= 480, 3 500
Na+ 551.7 1200 Cl- 567.4 800
Total 656. 2 1500 Total 1291.9 1500

Si02 : 424 mg/L as SiO2
COZ2: 10 mg/L as CO2

7}. CaCO3 Scale

@ 75% Conversion®] 7% Concentration factor (CF) Y&
CF=1/1-Y = 1/1-07 =14
@ Ca"'9} HCO3™ % TDSY ¥&FoAMY Tk
Ca'"p = 200 * 4 = 800 mg/L CaCO3



HCOs, = 200 * [1-(0.75)(0.044) / 1-0.75)]
= 7736 mg/L CaCO3

TDSb = 1963.1 * 4 = 78524 mg/L

COZ2b =CO2f = 10 mg/L as CO2Z

¥%49 PHbt PHb = 6.30 + log RbelH,

Rb = HCO3b (as mg/l CaCO3) / CO2 (as mg/l CO2) ¢|2&

Rb =7736 /10 =774 %y 3904 PHbe
PHb = 819
PHs

pCa + pHCO3 + Co|B2 ¥ 24
210 + 181 +226 = 617

1

LSI= LSI=PHs - PHb= 812 - 617 = + 202

2A CaCO3& AAE JA4To

1}, CaS0O4 Scale

®© %59 Ca++ ¥ SO4--9] T&&
Ca™, = 802 *4 320.8 mg/L ion
SO4 b = 6104 * 4 2441.6 mg/L ion
@ Ca++% SO4--2] Molality+
(MCa++)b = 320.8 / [ (40.08)*(1000) 1 = 0.008 mol/L
(MSO4--)b = 2441.6 / [ (96.08)*(1000) 1 = 0.0254 mol/L

i}
1



® CaS0494] TPbE

IPb = 0.008 * 0.0254 = 2.03 * 10-4 Mol%/L?
@ F&59 o) FE:
°] -&T%%M»M%mg/u W | w2 | we \

Ca++ 320.8 40.08 | 0.0082 4 0.0324
Mg++ 97.2 24.32 | 0.004 4 0.016

Na+ 2206.8 22.99 | 0.0967 1 0. 0967
HCO3- 204 61.02 | 0.0034 1 0.0034
Cl- 2269.6 35.46 | 0.0645 1 0. 0645
SO4- 2441.6 96.07 | 0.0256 4 0.1024

Total= 0. 3154

b b Ib = 1/2(03154) = 01577
Ib7} 0.1577 o2& 19 4904 Kspe

Ksp = 43 * 10-4
wekA] (0.8)*(4.3¥10-4) = 3.4 * 10-4

IPb >> 0.8 (Ksp) o2&

CaSO49] IHd& FAAHA F+=oh




2. 2 Membrane System 4 A
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2. 2. 2 Membrane System

AAE FAHANA AH2E Y9 Membrane SystemolA £#4 o] o]
AAE F359 5% ¥ BrineeE #2/ €t} Membrane System? F84
HEE Y498 7MAA FE 1Y¢Y =9 Membrane Module 18] 1 3|4
€& A3 F7] H3 Brine Linedl dA =+ Control Valve 5°] uth.
E% Membrane Module F# =& RI#HF7 fao gen &=
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Brine Stage
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¥ 7. Membrane Arrangment Design

Brine Stage

3 Computer Projection

3. 1. Design Program

Membrane System AdAlE Agstnzx 3 49 EAHE 1dsd
Membrane Element 38 ¥ <, Element Housing 2 Size, 3§&,
Element B, 3% 8 % BJFFE AU

o] 2} &L Process Designg 93}t £ 9 Membrane MakerollA] 3L+
9] Computer program< 70I'%, dAo] AlEs=E 31 flth ©] Program
& A7) AsME 27 9¥ Datad FAH, YHstdol 39 1 YEL
o33 2o



- Raw water 3 ¥4 Data ( ppm, mg/l as ion )

- System F8%F ( gpd, M3/D )

- AAL: (HT2X9 Max Design %)

- Membrane element® 37| ¥ e (Spiral Wound,
Hollow Fiber, 27, 4", 8")

- Element housing (2-, 3- or 6 element/housing)

- Fouling factor (1 - 0.8)

-~ Recovery Rate (1 - 100%)

+A¢™ ( psi, kg/cm® )

A E Datadll 938 Computer program® Output®™ Product ¥ Rejection
water®] 3, 3 % Rejection ¥, Flowrate, A8 87 R Fol
B FRE AITH. Y48 Data® HAA 7MY HAHIS wigdE MH,
Process Designg # % 3}3ict

3.2 Case Study

Scale Control®] Case StudyZ$+9 2L F3 Zd2o=E Computer
Projectiond & &3 2t



PREPARED FOR: CASE STUDY
ANALYSIS BY: K.H.LEE
DATE: 93-06-30

FEED: 557.33 M3/H,
RECOVERY: 74.9 PERCENT
ARRAY : 1

NO.OF PV: 64
ELEMENT: BW8040 BW8
NO.EL/PV: 6
EL.TOTAL: 384
FOULING FACTOR: 0.85
PRESSURE (BAR )

OSMOTIC PRESSURE(BAR )
NDP(MEAN)=  11.4 BAR
AVERAGE PERMEATE FLUX=
ARRAY EL.NO. RECOVERY

1 1 0.101
2 0.109
3 0.118
4 0.129
5 0.141
6 0.155
2 1 0.085
2 0.088
3 0.090
4 0.093
5 0.095
6 0.096
ARRAY : TOTAL
REJECT M3/H:
REJECT MG/L:
PERM M3/D: 10013
PERM MG/L: 90

PERMEATE , MG/L AS ION

NH¢ 0.0
K 0.0
NA 27.8
MG 0.7

1976 MG/L, 20 DEG C
2
32
040
6
192
FEED REJECT  AVERAGE
15.4 12.5 13.9
1.2 4.5 2.5
23.6 L/M2 PERMEATE FLOW=
PERMEATE FEED

M3/D MG/L  M3/H

21.15
20.46
19.80
19.10
18.16
17.08

15.90
14.98
14.06
13.13
12.17
11.19

42 8.7
50 7.8
58 7.0
68 6.1
81 5.4
101 4.6
113 7.8
129 7.1
148 6.5
171 5.9
199 5.4
234 4.8
2
140.1
7592
2606
161
0.0
0.0
49.9
1.3

417.25 M3/H

MG/L PRESS(BAR )

1976
2183
2455
2777
3180
3690

4347
4742
5186
5686
6250
6884

15
15
15
14
14
14

14
13
13
13
13
13



CA 2.4
HCO3 9.4
NO3 0.0
CL 31.0
F 0.0
504 17.4

1.3

S102 . .
FEED/REJECT , MG/L AS ION

NH4 0.0 0.0 0.0
K 0.0 0.0 0.0
NA 552.2 1213.0 2114.4
MG 24.3 53.8 94.5
CA 80.2 177.5 311.8
HCO3 171.6 376.3 654.8
NO3 0.0 0.0 0.0
CL 567.4 1244.1 2165.0
F 0.0 0.0 0.0
S04 537.4 1188.7 2086.5
5102 42 .4 93.8 164.9
TO BALANCE 0.5 MG/L SODIUM AND 0.0 MG/L CHLORIDE ADDED TO FEED.

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

FEED ACIDIFIED FEED  REJECT
HCO3___ (MG/L) 244.2 171.6 654.8
co2 (MG/L) 10.0 62.4 62.4
S04 (MG/L) 480.3 537.4 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
IP 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

TO BALANCE 0.5 MG/L SODIUM AND
ESTIMATED PERMEATE PH IS 5.4
SULFURIC ACID CONSUMPTION ( 100% CONCENTRATION ) =

0.0 MG/L CHLORIDE ADDED TO FEED.

778.9 KG/DAY



