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Abstract: Problem statement: Kuwait is an arid country with limited natural watresources. As
such, Kuwait produces its drinking water using Maelti-Stage-Flash method (MSF) in distillation
plants to produce distilled water from sea watene Tistilled water is blended with the brackish
groundwater in different blending ratios, to proeutrinking water, as recommended by World Health
Organization (WHO)Approach: The main purposes of this study were to deterrtiaebest blending
ratios in the blending plants of Kuwait to get thesst quality of drinking water according to the WHO
guidelines and to reveal and control the corrogieftthe produced drinking water. In order to fiowk

the best blending ratio, samples of drinking wéttem the different blending plants and groundwater
samples from water well fields have been collecthding 2007-2008 and analyzed for the
determination of basic cations and anions. Moreowater samples collected from the main pump
stations were analyzed for Langelier Index, to atwbe corossivity level of the drinking water.
Results: It was found that the best blending ratio betwdistilled water and brackish groundwater to
obtain drinking water is in the range of 7-8% atu®hikh blending plant, 8-9% at Shuaiba blending
plant and 8% at Doha blending plant respectivelilg/the best blending ratio at Az-Zour blending
lines is between 3-4% and between 4-5% at Sabgdbig linesConclusion: It was found that the
produced distilled water is corrosive and causedywater problem. In addition, it was found the t
mean value of the Langelier Index at Shuaiba putafios is (-0.6) and the mean value of the total
alkalinity is 21.4 mg [* as CaC@®, which reveals that the drinking water from Shaajitant is more
corrosive than the drinking water from the othems.
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INTRODUCTION brackish groundwater is about 121 Million Imperial
Gallons per Day (MIGD), which is mainly used for

Location of the study area: Kuwait is located at the irrigation, domestic purposes and blending with
north shore of the Arabian Gulf and lies betweendistilled water.
28°30-30° 30’'N latitudes and 46°30-48°30" E Thus, in view of the scant natural fresh water
longitudes, covering an area of 18,000 Knit is resources and the increase of population and water
covered with sands and gravels, rising graduatiynfr demand, Kuwait since founded has to look for other
the Arabian Gulf shores towards southwest. Theatkm sources to secure potable water requirements.
is extremely hot, dry in summer and mild to cold in Therefore, Kuwait depends on seawater desalin&tion
winter. The rainfall is scarce and limited to thexripd its fresh water supply (Al-Jaralla and Al-FaresQ2p
from October to May with an average of 110 mm
year®. Due to lack of surface water and scarcity ofDigtillation plants: In the past the people of Kuwait relied
rainfall, the groundwater is the only natural reseuin ~ on a scant number of wells to satisfy their wateeds.
Kuwait. Brackish groundwater is located in the Kitwa Those wells accompanied with fresh water transgdste
Group and the Dammam Formation aquifers and has loats from Basra, Irag were the main source of rwate
salinity ranging from 3.000-10.000 mg~L The supply to the people. Transporting water by boats
brackish groundwater is being produced from theewat continued for some time, where in 1939 a company wa
well fields of Sulaibiya, Shigaya, Al-Wafra, Um-Qaid  established to manage the fleet of water carriera fraq,
and Al-Atraf areas (Fig. 1). The production of the by constructing three reservoirs on the shorstfmage.
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totaled 80.218 by the end of the same year
] (Alhumoudet al., 2003; MEW, 2008).

Currently, there are six distillation plants in
Kuwait, the distillation units use the Multi Stag&ash
evaporation method. Each distillation unit consiats
number of stages ranging between 24-26 stages, with
different unit capacities of 4.4, 7.2 and 12.5 MIGD
according to each station. The Al-Zour North seawat
desalination plant alone, operating since 2007dyces
567,000 m day™ of freshwater, equivalent to about
29.3% of the total production capacity. It is thhf
- largest desalination plant in the world in terms of
production capacity (Al-Damklat al., 2009). A new RO
desalination plant is being built in Kuwait schestlulto
begin production in 2010. The plant, worth US$320
million, will supply drinking water for 450.000 rielents
EXPLANATION in Kuwait with a capacity of 137,000 *mday”

(-] erackien groundwater O Frosh grot o farms (Wangnick, 2004; Bains, 2008; Al-Damkétial., 2009).

) ) ] However, the total capacity of the distillation tsrin the
Fig. 1: Location map of the groundwater well feeid power stations is 419.1 MIGD including High

Kuwait Temperature Operation (HTO) of distiller units absh

) ) ) of Doha West and all of Az-Zour South Station (MEW,
The first major breakthrough came in 1951 when Ktwa 1ggg4- 2008).

Oil Company (KOC) build a small sea water desailimat

plant with a capacity of 80.000 gallon dawt the port of Drinking water production: In order to produce
al-Ahmadi (Mina Al-Ahmadi) and distributed partthie ~ drinking water according to the WHO guidelines,
water to the town of Kuwait. The first major desation  distilled water, which is produced from the distiibn
plant was built in 1953 with a capacity of 1 milio Pplants is being mixed with the brackish groundwater
gallons day* (mgpd). In 1978 another desalination plantProduced from the water well fields. This procesees

was build in Doha. The capacity of the Dohapla  Place either in the blending plants or in the biegd
42 mgpd. lines operated by the Chemical Works Administration

The country was and is very anxious to exploit allof MEW, distributed in Shuwaikh, Shuaiba, Doha, Az-

available groundwater both freshwater for drinkiangg ~ Z0Ur and Sabiya, where the disinfection of the
brackish water for irrigation. As for fresh grourmer ~ Produced drinking water is carried out by injectihg

it is considered a matter of prime importance. Fres chlorine solution in order to kill the bacteria atie
groundwater was discovered in limited quantities aparmjul organisms in water. In addition caustic zod
both Al-Rawdhatain and Umm Al-Aish fields. Pumping sqlupon IS addeq to maintain the p_H value of tuer
operations commenced in 1962, whereas the estimaté%ft.hm. the requwe_d _I|m|ts according to th_e (WHO)
natural reserve of both fields is about 40,000 ianill guidelines for drinking water. _The drmkm_g water
gallons. In 1980 the Rawdhatain Water Productich annetwork starts from_ the blen_dlng p!ants’ lines 6_‘”0'
Bottling Projects started to produce 1808 ysar® of passes through main reservoirs, main pump stations,

; . \ . main trunk lines, strategic water reservoirs sites,
mineral water. The Umm Al-Aish field is currently distribution lines, water towers, tanker fillingatbns

. _1 -
producing 8000 fhyear™ of water. Besides freshwater and ends with consumers feeding points.

the country makes use of its large supply of brsteki However, the drinking water gross production rose
groundwater. The authority distributes this watethte  fom 1.773 MIG year in the late 50-119.774 MIG
consumers through separate network parallel to th9ear‘l in 2008, while the per capita average
freshwater network. The brackish water is intent®d Consumption of drinking water rose frorﬁ@”_-

be used for various purposes, such as blending witB5.912 |G yeat in 2008. Figure 2 and 3 represent the
distiled water, irrigation, live stock watering @n production and consumption of drinking water foe th
construction works. It is worth mentioning that.€Th period 2005-2008, where the maximum production
number of consumers connected to the fresh wateecorded was 374.641 MIGD in September 2008, while
network totaled 140.824 by the year 2007, whilethe maximum consumption recorded was 374.806
consumers connected to the brackish water networMIGD in September 2008.
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Fig. 3: The consumption of the drinking water dgrin
the period 2005-2008

been regulated since the mid 1970 sec, due taskefr
saline water intrusion (Al-Ruwaiét al., 2005).

Groundwater quality: Brackish groundwater quality
varies from one field to another depending on the
utilized aquifer. Table 1 displays the chemical
Analysis of the brackish groundwater in Kuwait. The
salinity of the groundwater ranged from 2.330-
3.190 mg ['in  Um-Qudair field, from 2.564-
3.045 mg L in Shigaya fields, from 3.686-4.378 mg
L™ in Sulaibiya field, from 3.849-6.366 mgLin Al-
Atraf field and from 5.066-6.180 mgtin Al-Wafra
Field. The groundwater is of BNaQO, in Um-Qudair,
Shigaya and Suaibiya fields, where as NaCl type is
dominant in Al-Atraf and Al-Wafra fields (Hadi and
Al- Ruwaih, 2005; 2008).

Collection and analysis of drinking water samples:

Field analysis: Field Analysis of pH, EC, temperature,
residual chlorine and turbidity are usually madehat
time of sampling, using portable equipments. Chieri
residual sampling is done at the consumer’s faandt

at the plant. Sampling at the consumer’s faucetise

to determine whether consumers are receiving water
that is safe to drink.

Drinking water quality: Drinking water should be safe
chemically, physically and biologically. Chloring the
most widely used chemical for the treatment oflkdrig
water and this process is used in Kuwait as welloC
turbidity, taste, odor and harmful microorganismssin
be absent. TDS should be< 500 mg (Al-Kuwait and

Therefore, the main objectives of the study are tcAl-Yawm, 2001; Fredrick, 1990; AWWA, 1985) for the

determine the best blending ratios between thdledst
water and the brackish groundwater in the blendin
plants or lines to get the best quality of drinkingter
according to the WHO guidelines. In addition, toeal
and control the corrosivity of the produced drirkin
water based on the Langelier Index determination.

Water well fields and production of groundwater:
The groundwater well fields which are located asithe

water to be of good quality. Water with more than
g’LOOO mg L' of dissolved solids usually contains
minerals which give it a disagreeable taste or ntake
water unsuitable in other respects. The palatgbdft
drinking water has been rated by panels of tasters
relation to its TDS level as follows: Excellentsgethan
300 mg L*; good, between 300 and 600 mg;Lfair,
between 600 and 900 mg™t poor, between 900 and
1200 mg L* and unacceptable, greater than 1200 g L

country include both operational fields and thoseWater containing extremely most commonly used low

currently under development and construction. Tlaeee
13 groundwater well fields in Kuwait located in the
north, south and centre of the country. Two ofwager
well fields are privately owned, with the abstracte
groundwater being used for irrigation of privatenia.
The remaining water well fields are owned by theWIE
Furthermore, the three water well fields, Kabad
Al-Atraf and NW Um-Qudair are under construction.

concentrations of TDS may be unacceptable becduse o
its flat, insipid taste. Table 2 shows the quality
classification of drinking water based on TDS value
according to WHO guidelines, 2006.

However, in Kuwait the groundwater produced from
the water well fields is brackish, with a TDS i ttange
,of 2.000-10.000 mg T. Therefore, the produced
distilled water is pure and has low concentratiofhs

The greatest expected production is from Um-Qudaidissolved salts, gases and a total alkalinitess than

field at a rate of 40 MIGD. The maximum total
production for all fields is estimated to be 123Gd.

1 mg L as CaC@ which is not suitable for human use.
Thus, this distilled water is blended with the lxiak

Groundwater production from the MEW well fields has groundwater to produce fresh water suitable farkdinig.
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Table 1: Chemical analysis of the brackish grouridmiiom the water well fields, (mgt)
Um-Qudair field

EC Water
WellNo. @Scm?®) pH TDS Na K Ca Mg Cl SO, HCG; types
2 4647 6.93 2690 606 12.36 390.0 108.0 897 1482 96.00 Nz£5O,
6 4070 7.00 2330 396 14.17 374.0 108.0 542 1438 0092. NaSQ,
12 4706 6.70 2720 690 29.00 433.0 111.0 951 1480 .0064 NaSQO,
16 5444 7.10 3190 572 9.68 480.0 133.0 1100 1275 .0061 NaSO,
18 4370 7.10 2650 995 10.91 384.0 149.0 1450 1902 1.009 NaSQ,
22 4913 7.20 2850 697 9.58 466.0 112.0 1125 1563 .0062 NaSQ,
25 4514 7.04 2600 460 17063.00 400.0 127.0 659 1310 70.00 NaSO,
49 4883 6.89 2830 617 17.00 435.0 147.0 1274 1256 7.007 NaSQ,
50 4897 6.90 2840 608 19.00 471.0 122.0 1142 1208 7.007 NaSO,
53 4797 7.06 2770 605 17.00 396.0 113.0 1080 1104 9.008 NaSQ,
Shigaya field
D1 3234 7.36 2620 658 8.62 245.4 108.4 406 1736 .3008 NaSQ,
D3 3513 7.51 2846 492 12.30 282.0 112.4 480 1358 6.603 NaSQ,
D4 3382 7.60 2739 487 12.33 269.0 135.0 345 1614 9.601 NaSQ,
D5 3306 7.70 2678 485 11.40 269.0 124.0 291 1650 5.400 NaSO,
D6 3645 7.53 2678 481 10.02 271.8 137.0 540 1329 0.404 NaSQ,
D10 3400 7.50 2754 450 10.14 271.0 121.7 450 1195 34.3D NasQO,
D11 3380 7.60 2738 496 11.84 266.0 120.0 325 1627 05.8D NasO,
D13 3333 7.30 2699 453 11.44 295.0 126.0 450 1542 134.00 NaSQO,
D16 3344 7.70 2708 473 10.36 297.0 114.0 421 1422 14.00 NaSQO,
D18 3665 7.70 2968 574 11.28 271.0 136.0 505 1543 34.00 NasO,
D19 3760 7.60 3045 542 9.98 297.0 126.0 528 1513 0.002 NaSQ,
C105 3167 7.77 2565 755 10.97 277.0 110.0 662 1696102.00 NaSQO,
c1o07 3225 7.69 2612 637 13.13 277.0 99.0 367 1810 09.00 NasO,
C110 3166 7.90 2564 605 11.64 264.0 124.0 490 1560104.00 NaSQO,
Cl11 3180 7.76 2576 579 12.03 280.0 116.0 518 1512100.00 NaSQ,
Sulaibiyafield
26 5088 7.41 4121 450 20.25 468 180 702 1508 127.00 ,SOla
27 5020 7.50 4066 522 17.75 499 206 795 1960 122.00 NaSO,
28 4551 7.50 3686 545 11.54 452 170 560 1779 129.00 N&SO,
5688 65 7.00 4321 592 35.3 508 211 851 1988 91.00 &SSO
71 5405 7.10 4378 424 18.28 489 180 939 1405 a26. NaSO,
78 5181 7.00 4167 430 11.73 458 208 919 1368 118.70 N&SO,
83 4908 6.90 3975 439 13.96 483 169 970 1503 119.70 N&SO,
90 4534 7.19 3673 595 16.43 512 148 831 1650 137.40 NaSQO,
100 4966 7.40 4022 410 19.32 616 189 593 1969 049.3 NaSO,
Al-Atraf field
AT.1 7389 7.10 5985 977 21.30 621 204 1827 1617 5279. NaCl
AT.3 6550 7.00 5306 1100 18.84 606 199 2078 1617 .2604 NaCl
AT.4 6776 7.30 5489 1250 19.35 588 175 2014 1693 .8089 NaCl
AT.5 6590 7.26 5337 875 19.77 507 225 1720 1594 709. NaCl
AT.6 7241 7.32 5865 810 17.66 560 174 1599 1503 84.42 NaCl
AT.7 7741 7.00 6366 940 26.00 746 174 2088 2579 38B4. NaSO,
AT.8 6099 7.30 4940 1050 19.43 480 194 1810 1653 8.080 NacCl
AT.9 6481 7.28 5249 910 20.96 520 160 1770 1583 5803 NaCl
AT.10 7518 7.20 6089 988 21.73 524 251 1928 2028 5471 NaSQ,
AT.11 6040 7.40 4892 1208 16.67 456 179 2015 1789 115.16 NaCl
AT.12 5950 7.40 4819 1430 14.55 448 197 2211 1837 14.00 NaCl
AT.13 5696 7.30 4613 1350 18.20 480 145 2085 1751 115.96 NaCl
AT.23 4752 7.32 3849 1325 16.25 353 140 1913 1389 41.0D NacCl
AT.24 4882 7.24 3954 1250 14.30 336 177 1815 1662 19.9p NaCl
AT.25 6990 7.50 5032 859 16.10 549 143 1903 1312 12.0D NaCl
Al-WAFRA fied
2 7725 7.40 6180 1093 31.0 378 442 2428 1658 149.00 NacCl
10 6255 0.04 5066 1055 24.0 315 382 2177 1547 027.6 NaCl

Blending ratio: Distilled water is produced from six are five blending plants located at Shuwaikh, Sbayai
distillation plants located at Shuwaikh, Shuaib@h® Doha, Az-Zour and Sabiya, where blending of dsill
(East and West), Az-Zour and Sabiya. In additiberé  water with brackish groundwater is carried out.rdsi
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the following mass balance equation proposed byVafra and Al-Atraf fields have a similar recommedde

Himmelblau and Riggs (1982). blending ratios.
The blending plants use a Blending Ratio (BR)
calculated according to the following equation: The recarbonation process: The produced distilled

water has very low concentration of dissolved salts
gases and total alkalinity as Cagi® <1 mg L* and
Net production of brackish water ddy, , - (1) not suitable for drinking. The high purity rendete
Net production of distilled water day water to be chemically very aggressive towards Ipear
all components in the water distribution system,
Equation 1 is used to calculate the blending ri@tio resulting in very severe corrosion problems. Onéhef
be used according to the production of brackishpy-products of this chemical attack is ferric hydde,

groundwater and distilled water, based on the se red-brown rust, which results in what is calledd*
blending ratios (Perry and Green, 2008). Generally, \yater’ in Kuwait (Al-Rqobah and Al-Munayis, 1989).

the blend|_ng plants, it is ens_ure_d that the TD eddish or red-brown stains are usually associatdd
concentration of the produced drinking water does n . . . ]
iron in the water. Iron types found in water are:

1 . .
exceed 500 mg L, as per the WHO guidelines, 2006. Oxidized, soluble, colloidal, bacteria and organic-

Blending plants: Description of the blending plants are bound. Each. of these types. presents a potential
outlined in a report by MEW (2007), where the problem. As little as 0.3 ppm in a water supply can
processes of mixing and disinfection are takingglm ~ Cause staining of clothes and fixtures. The probtém
produce drinking water. the red-brown rust still exists in Kuwait since thater

Table 3 summarizes the minimum, maximum andthe sources of the fresh water are still the sasea (
the recommended range of blending ratios at diftere water from the Gulf).
chemical blending plants and lines in Kuwait during The corrosion control in the distribution system
2003-2008, where the produced drinking water isdat involves two approaches; material selection and

as good/excellent. As per the WHO guidelines, TDSpacification  treatment.  Pacification  treatment  to
level is as_follows: Excellent, less than 300 M8 (ool water quality for corrosion is limited tertain

good, 300-600 mg t; Fair, 600-900 mg T Poor, - - : -
900-1200 mg ' and . unacceptable, greater thankmds and quantity of chemicals, since great voluhe

1200 mg L. Water with extremely low concentration of water must be supplied at 'F’V.V cost witho.ut. any dffe
TDS may also be unacceptable because of itsrisipid ~ ©" t@ste, odor, color, turbidity and toxidity. Tkes
taste (WHO, 1996; 2006). It shown from the tablatth chemicals are basically used to adjust the pHptmf
the best blending ratio in Shuwaikh plant rangesvben ~ Precipitates by using inhibitors and to form caréten
7 and 8%, Shuaiba blending plant is 8%, Doha btendi coating. Thus, to achieve the corrosion inhibitioin
plant, where the 8%, Az-Zour blending lines rangedron pipes, the recarbonation process was appbed f
between 3 and 4% and S_abiya blending Iines_ rangethe treatment of the distillate produced by the
between 4 and 5% to obtain TDS less than 300Thg L multistage flash evaporators in the plants in Kawai

In addition it is clear from Table 3 that the

_ ¢ . S (WRDC, 1999).

blending plants at Shuwaikh, Shuaiba and Doha which

receive almost  similar  qualities Qf br&."CkISh Table 2: Quality classification of drinking waté®yHO, 2006)
groundwater, the recommended blending ratios are

Blending ratio (%) =

-1

almost the same, even though they are receivelf2erclass DS (mg L)
brackish groundwater from different groundwateldfe Excellent <300

ISh grour L grounay Good 300-600
(Sulaibiya, Shigaya and Um-Gudair). While in thhest g5, 600-900
blending lines at Az-Zour and Sabiya, which receivePoor 900-1200
another qualities of brackish groundwater from Al-Unacceptable >1200
Table 3: Summary of the blending ratios and themenended blending ratios at the blending plantsliaed in Kuwait, 2003-2008

Recommended TDS (mg*) at the

Site Min. BR (%) Max. BR (%) blending ratio (%) Reomended blending ratio Remarks
Shuwaikh 6.1 13.7 7-8 274-300 Excellent
Shuaiba 23 141 8-9 267-300 Excellent
Doha 2.9 15.0 8 298 Excellent
Az-Zour 1.7 6.4 3-4 186- 248 Excellent
Sabiya 2.0 9.0 4-5 226-282 Excellent
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Table 4: Summary of the Langelier Index of the maimp stations  the distribution pipes. However, if the pipes am n
2008 protected, they may be corroded (AWWA, 1985). To

L1 Shuwakh  Shuaba Doha Az-zour  Sabya qicylate the Langelier saturation index, the foltg

Min. -0.03 -0.12 -0.04 -0.03 -0.01 ) .
Max. -0.62 108 -0.36 0.62 059 ©€xpression can be used (WRDC, 1999):
Mean. -0.335 -0.60 -0.16 -0.325 -0.29
S.I. = pH (actual)-pH (2)
Table 5: Summary of the mean values of the totedlamity of the
main pump stations during 2008 and
Mean values of Recarbonation
Pump station T. Ak. (mgB) process _
Shuwaikh 45.91 Applied pHs=A+ B —log (C&) - log (Alk.) (3)
Shuaiba 21.40 Not applied
Doha 38.10 Applied Where:
é;'bzif’;” 2583;% gppliie;o(lj A = Aconstant, based on the temperature
Y - P B = Aconstant, based on the TDS of water

Calcium ion concentration (mglas CaCQ)

Distilled water from MSF distillation plants is Ca* e oy
Alkalinity (mg L™ as CaCG)

acidified in an absorption tower using €@as. The Alk.
acidified water is then augmented by bicarbonates io ) ) o
using CaC@ in a number of limestone dissolution The negative value of the Langelier Index indisate
filters. the corrosivity of the water, while the positivelua
The excess CQOpresents in the recarbonated waterShows that the water is a scale forming.
leaving the limestone dissolution filters is degjasiin The calculations of the Langelier Index (based on
a stripping tower using air. The degasifier is akeal  the EQ. 2) of the water samples collected fromrtiagn
counter flow type stripping tower. At the bottomtbe ~ Pump stations of Shuwaikh Shuaiba, Doha, Az-Zour
tower, air is distributed to remove the £@as. Finally, and Sabiya for the year 2008 were carried out and
15wt% solution of caustic soda is dosed into theewa displayed in Table 4. .
stream for the final adjustment of pH value to &®0. The fluctuation in the Langelier Index values
It can be observed that this recarbonation procesdepends on the variation of the total Alkalinitysege
resembles the natural carbonation process takiagepl N the distilled water, as it's presented in Tallle
in aguatic system. Moreover, the Langeher In_dex values indicate 'ghe
The recarbonated water leaving the limestondmportance of the application of the recarbonation
dissolution filters contains some excess of ,Gd  Process, in order to reduce the corrosivity of the
very little dissolved oxygen and is therefore fedar  drinking water in the network. However, it is neftit
stripping tower. By direct counter current contath that Shuaiba drlnklng water is more corrosive (t‘@an
air, more oxygen can be dissolved and the pH vede value _of the Langelier Index_ is-0.6), than the Kiirig
be slightly controlled by the flow rate of air. The Water in the other pump stations (Shuwaikh, Dohe, A
stripping tower is packed with the same materiathes Zour and .Sablya).Thls is due to the fact Fhat_ the
absorption tower and is designed with a diamefer recarbonation process has not yet been applietiein t
2.6 m and a height of about 7.7 m respectively. Shuaiba distillation Plant.

Calculation of langelier index: Several methods can CONCLUSION

be used to determine the calcium carbonate stalbiit

water. A common method is the Langelier Index. This  Kuwait produces its drinking water using the
index is equal to the measured pH (of the wateg)gd  Multi-Stage-Flash Method (MSF) in distillation ptan
(saturation). The pHis a theoretical value in which to produced distilled water from sea water. Théiltkid
calcium carbonate will neither be dissolved intor no water produced is blended with the brackish
precipitated from water. Therefore, if pH-pH 0, the  groundwater, in order to produce drinking water in
water is in equilibrium and will neither dissolverm accordance with the World Health Organization (WHO)
deposit calcium carbonate on the pipes. If pHstH guidelines. The mixing operation takes place in the
(positive value), the water is not in equilibriumdawill ~ blending plants or blending lines to get the besitlity
deposit calcium carbonate on the surface of mamas a of drinking water. Based on the data collected ruyri
other fixtures. If pH-pkkO (negative value), the water 2003-2008 from the MEW, the range of the blending
is not in equilibrium and will dissolve the calcium ratios was from 6.1-13.7% in Shuwaikh blending plan
carbonate it contacts. No coating will be deposited From 2.3-14.1% in Shuaiba blending plant. From 2.9-
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15% in Doha blending plant. From 1.7-6.4% in Az-«
Zour blending lines. And from 4-5% in Sabiya blergli
lines. This information indicates that the produced
drinking water in Kuwait is rated as an excelleabtd .
according to the WHO guidelines.

Accordingly, to obtain an excellent quality of the ,
drinking water, where the TDS<300 mg’L water
samples from all the blending plants and lines at
different blending ratios have been collected and
analyzed for 18 months during 2007-2008. It is fbun
that the best blending ratio for Shuwaikh is betwé@e
and 8%, for Shuaiba is between 8 and 9%, for Deha i,
8%, for Az-Zour is from 3-4% and for Sabiya is
between 4 and 5% respectively.

In Kuwait, the produced distilled water is prowvted
be corrosive and causing red water problem. The
recarbonation plant was established in 1987 and
designed to vyield recarbonated water with a total
alkalinity of 60-80 mg [* as CaC@ Accordingly
water samples collected from the main pump stations

The bicarbonate content in the distilled water
should be increased to prevent the corrossivity of
the produced drinking water

The total alkalinity as CaCQshould be in the
range of 60-80 mg T, as a designed value

The recarbonation process should be applied in
Shuaiba distillation plant and all new distillation
projects in Shuaiba north, Az-Zour north and
Sabiya plants. In order to prevent the accumulation
of red oxides (red water) in the drinking water
system

The static mixers should be used in the blending
plants of Shuwaikh and Shuaiba respectively, to
obtain a chemically homogeneous product ,and to
control the produced drinking water quality to the
desired values and smooth operation
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