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3 jaa JI e .2 U104178 Research Specialist SmLs ;’;

Chemist

Caagy) wyS .2 U721941 Chemical Science researcher emLs l];

: T Chemist

o=l Jl s d .d U106363 Research Specialist SmLs l];

G ly e L, Corrosion Assistance Corrosio
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@ Ll Researcher n
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L Gaa 1l . Corrosio
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Equipment

AAS System

ICP-OES
Spectrophotometer
lon Chromatography

atomic absorption
TXRf

Water distillation
Water distillation
Electric Oven
Electric Oven
Biomedical Freezer
Temp Recorder

P OVWoONOGOODU & W gy P

=
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=
w

GPC
14 Quadrupole LC/MS

15 Capillary Electrophoresis
16 GCMS with Purge and Trap
17 PH & Conductivity Meter

18 PH & Conductivity Meter
19 PH & Conductivity Meter

20 PH & Conductivity Meter

21 Analytical Balance
22 Analytical Balance
23 Analytical Balance
24 Analytical Balance
25 ICP-OES

26 Ultra Meter

27 Extraction system
28 Titration Excellence
29 lon Chromatography
30 Voltammetric

31 Spectrophotometer

Manufacturer

Perkin Elmer
Perkin Elmer
HACH

Thermo Scientific

Shimadzu
GNR
Millipore
Millipore
Panasonic
Panasonic
Panasonic

Agilent technologies
Agilent technologies

Agilent technologies
Shimadzu

Mettler
Mettler
Mettler

Mettler

Mettler
Mettler
Mettler
Mettler
Agilent
Mettler
Horizon technology
Mettler

Metrohm

Metrohm

Merck

Equipment Model No.

A.Analyst 400
Optima DV 2100
DR5000

Dionex ICS-5000+DC

AA-7000

TX 2000
Milli-Q
Milli-Q
MOV-212
MOV-212
MDF-U443
MTR-4015LH

7100
6130

1260 infinity
QP2020
sevenCompact PH/Cond S213

sevenCompact PH/Cond S213
sevenCompact PH/Cond S213

sevenCompact PH/Cond S213

ME204TEL/00
ME204TEL/00
ME204TEL/00
ME204TEL/00
5110VDV
Multiparameter
SPE-DEX 5000
T7

940 compact IC

884 Professional VA

Prove 300 Spectroquant

£
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Biology Lab

No.

22

23

24
25
26
27

Equipment

Shaking Waterbath
PCR
DNA RNA Purification

capillary electrophoresis system

Microscope

Toxicity Analyzer
Nitrate/Nitrite Analyzer
Ammonia & Phosphate Analyzer
SIA

Cytosense

Sartajet Pump

Water distillation

Electric Oven

Biomedical Freezer

Ultra-Low Temperature Freezer
Autoclave

Heated Incubator

Temp Recorder

Temp Recorder

Biosafety Cabinets

Biosafety Cabinets

PH & Conductivity Meter

PH & Conductivity Meter

Analytical Balance
Analytical Balance
Microscope

Microscope

Manufacturer

Fisher
Cepheid
QIAGEN

QIAXCEL

Nikon
Delta Tox
FIA Lab
FIA Lab
FIA Lab
CytoBuoy
Sartorius
Millipore
Panasonic
Panasonic
Panasonic
Panasonic

Panasonic

labconco

labconco

Mettler

Mettler

Mettler
Mettler
NIKON
NIKON

Equipment Model No.

125
Smart Cycle
QIACUBE

QIACELL

Nikon
SH1001
FIA Lab
2500

3500
Cytosense
Sartojet
Milli-Q
MOV-212
MDF-U443
MDF-U74V
MLS-3781
MIR-262
MTR-4015LH
MTR-G85C
302481150
302481150

sevenCompact PH/Cond S213

sevenCompact PH/Cond S213

ME204TEL/00
ME204TEL/00
Eclipse Ci-L
Eclipse Ci-L
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pH

Conductivity
Turbidity (NTU)
Total hardness as
CaCo03
Mg-hardness

Ca-hardness as CaCO3
Residual Chlorine C12
Cyanide (total)
Carbonate, CO3
Bicarbonate, HCO3
Total organic carbon
Total alkalinity
P-alkalinity

Total dissolved solid
Silica

Chloride

Bromide

Fluoride

Nitrite

Nitrate

Phosphate

Sulfate

Aluminium

Antimony

Arsenic

Barium
\gii?llium
on

2 )

50
50

50
50

50
50
150
50
50
200
50
50
75
150
250
250
250
250
250
250
250
300
300
300

300
300
30

//E;émium
Calcium

Chromium
Cobalt
Copper
Iron

Lead
Magnesium
Manganese
Mercury
Molybdenum
Nickel
Potassium
Selenium
Silicon
Sodium
Vanadium
Zinc
Bromate
Chlorate
Chlorite
Chloroform

Dichlorobromomethane

Dibromochloromethane

Bromoform

\\fi?ochloro acetic acid

300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
600
600
600
500

500
500

olaall 34\9@2\,\'5\JA&\9JM2.:\3M\3-3J3M\M\

500 i\\

//’7 Dichloro acetic acid

500

0/

Trichloro acetic acid 500
Monobromo acetic acid 500
Bromochloro acetic acid 500
Dibromo acetic acid 500
Organics 3250
E.Coli 500
Coliform and faecal Coliform
Bactria 500
\ Total Viable Bacteria 500
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Year Cd (ppb) | Cr(ppb) [Se (ppb)] Pb | Hg | As (ppb)  |CHCI;|CHBICI, (ppb) | CHBr,CI (ppb) CHBTr, (ppb)
1098 0.25 0.30
eal) Jead)
1099 | 085 0.2
greSy “,e.ﬁi.“
2000 0.10
Jead)
2001 0.31 0.48 40 40 09
A A SA0 Jmal o adal
0.40 23 035 0.65
2002 el SAN Juall adal
2.3 0.55
2003 LAl ND i |
2004 -
2006 | _
0.15 0.15 0.09 0.03
2007 Juall S5 daall sl
2008 - |
2012
6.0
2013 L&
2014 -
2018
MEWA 3 50 40 10 | 6 10 200 60 100 100
WHO 3 50 10 10 | 1 10 300 60 100 100
DL 0.002 0.004 0.030 | 0.05/0.009 0.030 0.03 0.05 0.05 010




(Heavy metals) 4185 Q.Ab..d\]

10/2020 11/2020

PLANT As Se Hg Pb Cr Cd As Se Hg Pb Cr Cd

(ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
JUBAIL- PH2 <1 <1 <0.15 <1 <1 <1 <1 <1 <0.15 <1 <1 <1
KHOBAR LINE-6 <1 <1 <0.15 <1 <1 <1 <1 <1 <0.15 <1 <1 <1
KHOBAR HUFUF <1 <1 <0.15 <1 <1 <1 <1 <1 <0.15 <1 <1 <1
RAS ALKHAIR <1 <1 <0.15 <1 <1 <1 <1 <1 <0.15 <1 <1 <1
SHOAIBA (PHASE-1) <1 <1 <0.15 <1 <1 <1 <1 <1 <0.15 <1 <1 <1
SHOAIBA (PHASE -2) <1 <1 <0.15 <1 <1 <1 <1 <1 <0.15 <1 <1 <1
SHOAIBA (PHASE-3 MSF) <1 <1 <0.15 <1 <1 <1 <1 <1 <0.15 <1 <1 <1
SHOAIBA (PHASE-3 RO1) <1 <1 <0.15 <1 <1 <1 <1 <1 <0.15 <1 <1 <1
SHOAIBA (PHASE-3 RO2) <1 <1 <0.15 <1 <1 <1 <1 <1 <0.15 <1 <1 <1
YANBU (PHASE -2) - PS1
YANBU (LINE ) <1 <1 <0.15 <1 <1 <1 <1 <1 <0.15 <1 <1 <1
YANBU (PHASE -2) -PS1
MADINA(H LINE ) o1 <1 <0.15 <1 <1 <1 <1 <1 <0.15 <1 <1 <1
YANBU (PHASE 3) <1 <1 <0.15 <1 <1 <1 <1 <1 <0.15 <1 <1 <1
JEDDAH (RO 1&2 MIX) <1 <1 <0.15 <1 <1 <1 <1 <1 <0.15 <1 <1 <1
JEDDAH (RO 3) <1 <1 <0.15 <1 <1 <1 <1 <1 <0.15 <1 <1 <1
FARASAN <1 <1 <0.15 <1 <1 <1 <1 <1 <0.15 <1 <1 <1
QUNFUDAH <1 <1 <0.15 <1 <1 <1 <1 <1 <0.15 <1 <1 <1
ALLITH <1 <1 <0.15 <1 <1 <1 <1 <1 <0.15 <1 <1 <1
AZIZIA <1 <1 <0.15 <1 <1 <1 <1 <1 <0.15 <1 <1 <1
RABIGH <1 <1 <0.15 <1 <1 <1 <1 <1 <0.15 <1 <1 <1
UMMLUJJ <1 <1 <0.15 <1 <1 <1 <1 <1 <0.15 <1 <1 <1
ALWAJH <1 <1 <0.15 <1 <1 <1 <1 <1 <0.15 <1 <1 <1
DUBA <1 <1 <0.15 <1 <1 <1 <1 <1 <0.15 <1 <1 <1
HAQL <1 <1 <0.15 <1 <1 <1 <1 <1 <0.15 <1 <1 <1
GSO, WHO 10 10 1 10 50 3 10 10 1 10 50 3 7




. | [ (BrOs <10 ppb ) Sl 03]

DATE, 2020

PLANT

4/10 11/10 18/10 25/10 1/11 8/11 15/11 22/11 29/11 6/12 13/12
JUBAIL- PH2 3.6 <2 - 7.3 4.4 8.5 6.6 4.5
KHOBAR LINE-6 <2 <2 <2 6.0 5.1
KHOBAR HUFUF 4.0 3 <2 - 2.5
RAS ALKHAIR 3.5 2.5 <2 3.7 <2
SHOAIBA (PHASE-1) <2 3.6 <2 <2 <2 <2 <2 3.3 2.3
SHOAIBA (PHASE -2) 4.2 2.9 3.5
SHOAIBA (PHASE-3 MSF) 3.7 4.1 4.0 3.9 3.7 3.5 4.1
SHOAIBA (PHASE-3 RO1) <2 2.8 <2 <2 <2 <2 <2 <2
SHOAIBA (PHASE-3 RO2) <2 <2 <2 <2 <2 <2 <2 <2
YANBU (PHASE -2) — PS1
YANBU LINE 2.5 45 7.8 <2 2.0 <2 3.8 <2
YANBU (PHASE -2) -PS1
MADINAH LINE 2.4 7.2 53 <2 2.3 <2 2.8 <2
YANBU (PHASE 3) 2.4 4.0 3.9 <2 3.7 4.1 3.7 <2
JEDDAH (RO1&2 MIX) 3.2 <2 <2
JEDDAH (RO 3) 6.0 <2 <2 <2 <2
FARASAN - 2 <2 B <2 - <2 - <2
QUNFUDAH - - <2 - <2 - <2 - <2
ALLITH - - <2 e <2 - <2 - 2
AZIZIA - = <2 - - 2.2 - <2
RABIGH - - <2 - - - - <2
UMMLUJJ - - <2 - <2 - <2 - <2
ALWAJIH - - <2 - - <2 - <2
DUBA - - <2 - - <2 -
HAQL - - <2 - <2 - <2 - 2.1 15




/ ”

- Total trihalomethanes (T THMs < 1 ppb) ¢tixal) Cladly A Gl ja
PLANT 10/2020 11/2020 12/2020
@ @ B @ ® @
JUBAIL- PH2 <1 <1 <1 <1 <1 <1
KHOBAR LINE-6 <1 <1 <1 <1 <1 <1
KHOBAR HUFUF <1 <1 <1 <1 <1 <1
RAS ALKHAIR <1 <1 <1 <1 <1 <1
SHOAIBA (PHASE-1) <1 <1 <1 <1 <1 <1
SHOAIBA (PHASE -2) <1 <1 <1 <1 <1 <1
SHOAIBA (PHASE-3 MSF) <1 <1 <1 <1 <1 <1
SHOAIBA (PHASE-3 RO1) <1 <1 <1 <1 <1 <1
SHOAIBA (PHASE-3 RO2) <1 <1 <1 <1 <1 <1
YANBU (PHASE -2) - PS1 YANBU LINE <1 <1 <1 <1 <1 <1
YANBU (PHASE -2) -PS1 MADINAH LINE <1 <1 <1 <1 <1 <1
YANBU (PHASE 3) <1 <1 <1 <1 <1 <1
JEDDAH (RO 1&2 MIX) <1 <1 <1 <1 <1 <1
JEDDAH (RO 3) <1 <1 <1 <1 <1 <1
FARASAN <1 - <1 - <1 -
QUNFUDAH <1 - <1 - <1 -
ALLITH <1 - <1 - <1 -
AZIZIA <1 - <1 - <1 -
RABIGH <1 - <1 - <1 -
UMMLUJJ <1 - <1 - <1 -
ALWAJH <1 - <1 - <1 -
HAQL <1 - <1 - <1 -

16
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TDS, ppm

b‘—l—A—“‘H(TDS) UNE LR W BRI M I PO i e HJC\%—A
z z T H—oer—cH

TDS Before After >
:: Ave. 80.15 122.27 @ TDS=2 100 ppm

Std. 12.15 12.55
'®] %RSD 15.16 10.27
1T Max 119.85 208.90
Tl Min 59.46 84.70
160¢ @
150 o %
140 . : 0% o}
130 = - % . ‘e o o° %Z) e b .

e ) . =) ® o - Q% pos

:f: Og w % %%3‘%? é)%p o<> %o
1oo¢ o ° ¢
90 OO TDS < 100 ppm for 3 days
80
70
60
5fi)-Dec 31-Dec 30-Jan 1-Mar 31-Mar 30-Apr 30-May 29-Jun 29-Jul 28-Aug 27-Sep 27-Oct 26-Nov 26-Dec 25-Jan 24-Feb

Date




Mole Fraction (MF)

J‘JQ;‘—AA_I_LA_‘“.“. | l_\_A_‘ | d'é', Aol 1_1 Béﬁj:é_\_al_\_ad‘}_ap_acdg_i J_\9.L:_\
CL\ «“«a\ .:‘J_ ‘.:ﬂ .«‘d: ‘\IA‘,\“
0.1 MF of H2COs. CQs>-  ——C0325¢C Ca?* + CO5;2-—= CaCO;,;
| : —H2C03 25
0.09 - ——C03,30C T [HCO3] = 58ppm
1 w20 03,50C 3 [Ca] = 16 ppm
0.08 :
2 L
0.07 ]
1 L
| - T °C
']c-l]ﬁ E 0 i T } T T I I 7T I
_ 5 10 15 20 55 60
0.05 % 1 -
| ) T=283°C
0.04 - AG=1.4 kJ/mol
MF=0.032
_ 31 )
0.03 - pH=8.0
. 4
. <1
i -6 — ==TDS S0ppm pH=8.6
'- MF=0.008 MF=0.004 ~ ===TDS 150ppm
0 - s 7 E_ =——TDS 80ppm
72 T4 T6 T8 8 8.2 84 8.6 88 9 ===TDS 150ppm
-8 -
pH 20
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The role of the viscous sublayer in caldum carbonate dissolution
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rate (0.05-0. 1y ppm)

ABSTRACT

indicating negigible ot o bromate
Tesidnd QO in hu..u-g-uon .20 ppm. (<0.01-0.1 ppm), chlo-

and calculated total THMs were f oundbhwllhhth-ln@ohlw
0).

limits (<1) set by the "ortd Heaith Organization

and E. coli were negative indicat

tory
showed total coliforms

ClIO, to be very efficient at the optimum residual in the range of
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1. Introduction

The major source of drinking water in the Kingdom of
Saudi Arabia ongm bom seawater desalination. Saline
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(MSF) and reverse osmosis (RO) desalination plants along
the coast of Red Sea and Arabian Gulf. MSF ﬂ.\b(u\lﬁb\lh

an adequate amount of groundwater in order to enhance the
mineral content, followed by disinfection before sending to
the distributi i 2 S
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