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HYDRANAUTICS DESIGN PROGRAM — VERSION 4.50 (1993) 12-16-93
Calcmlctlmn was luade I:N'- J1CA y o _ .
Proiect nawe : SAL’DI ARABIAN SE\NATER MODEL #1} Pormeate flow : 10000 M3-D
Feoedwater te-peratm-e 25.0C . Recoverv : 40.0%
 Raw water ot @ - 8.00 Elewent age - 0.0 vears h
Acid dosage, ppm(100%): 19.9 H2504 Flux decline coefficient —0.033
Acidified feed COZ,yrm : 19.9 3—yr salt passage inerease factor 1.3
F‘ead pre_ss__m s 67 G kglcn? : Concentrate presswwe 1 66.6 kg/ow?
Pass  Feed Flow - Coue. Flow  Beta  Couc.  Element  Elewent Array
Total- Vessel Totaul Vessel Press, Type No.
- w3 w3k . w3/t w3/t _ ke fom2 . _
1 1042.5 6.4 625.5 3.9 1.04 66.6  B0GOHSY-SWC1 972 1626
{ —Raw _\-l‘ater-—-—--—, {——Faed water— | ——Perwesate——— !—Conr_ﬂntmte-————-: :
! L I Cd 'y ' H
! Ion E wx/l weqfl w/l . wep/l wis/l weq/l ! we/l oweq /L
[ . - L] y L] - L] ]
4Ca 4 475.0 23,7 4 4750 23.7 ¢ 1.3 0.1 ! 790.8 39.4 !
Mg ! 1555.0 128.0 ! 1553.0° 128.0 Y S 0.4 ' 2588.7 213.1 H
N 1132840 577.6 1132084.0 577.6 ! 180.1 7.8 122019.9 957 .4 H
K P493.0 0 12.6. 1 493.0 " 12.6 ! 8.2 0.2 ! B16.1 20.9 |
NH4 . 4 0.0 0.0 '+ 0.0 0.0 : 0.0 0.0 H 0.0 0.0 '
By H 0.0 0.0 : 0.0 0.0 ! 0.0 0.9 H 0.0 0.0 H
S k 0.9 0.0 | 0.0 0.0 t 0.0 0.0 H 0.0 0.0 H
o3 - 0.5 0.0 ! Q.1 0.0 ! 0.0 Q.0 H 0.2 0.0. %
THCO3 . ' 14604 2.4 0 1 122.5 2.0 ! 2.7 0.0 ! 202.4 3.3 b
1504 1 T75.0 76,6 P 3694.5 0 77.0 : 11.4 0.2 ¢ 6149.9 128.1 H
L 123500.0  6R2.,9 123500.0 662.9 12904 8.2 138973.1 1099.4 t
! Y 0.0 0.0 . 0.0 0.0 0.0 0.0 4 0.0 0.0 H
$NO3 ' 0.0 0.0 t 0.0 0.0 H 0.0 0.0 H 0.0 0.0 H
'iSiO2 ! 0.5 ! 0.5 ! 0.0 ! 0.8 }
PTDS 143129.4 43124 .6 498.7 71541 .9 :
fpH H 8.0 7.0 5.4 7.2 :
§— H
ECalcwxl ated concentrations are acowrute to  +/-— 10% :
Haw water Feed waber Concentrute
CxSO‘thsptlf)O P4 27 .4 27.5 51.0
- S804 /Ksp=100,2 . 0.0 0.0 0.0
BaS04 /Kspx100,% 0.0 0.0 Q0.0
Si02 sat. % 0.4 0.4 0.7
Langelier ind, - 1.1 0.03 0.68
Stiff & Davis iwwl, 0.12 —0.96G —0.35
Iomic strevgth _ ¢.89 0.89 1.53
Oswotte press. ,psi 477.7 477.7 81G6.5
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8.00
Vessel
/b
3.1

19.9 H2504

25.0 €
19,9

162.3 hy/cn2
' Conc. Flow
Total
w3/h
' 625.5

+ Pree( 100%)
-~ Acidified feed QO2,ppw @ y
Feed Flow *
wd/h

Totazl Vessel

'n3_/h :

1042.5

B 2

Project nawe : SAUDI ARABIAN SEAWATER MODEL #1

HYDRANAUTICS DESIGN PROGRAM -
Caulculation was Iade by:. J 1 CA: .

Raw water pH

Feed pressure :
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" HYDRANAUTICS DESIGN PROGRAM — VERSION 4.50 (1993) 12-16-93
Caleulation was wade bv: J 1 C A :
Proiect raume : SAUDT ARABIAN SEAWATER MODEL #1 = Perwemte flow : 10000 H3—D.
Fesdwater te-p‘.fmture I 25.0C - . - Recovery = 40.0%

Raw water pH 1 T 8.00 Elewent age 31 0.0 vears
Acid dosage, prw( 100?) “19.9 H2S04 - Flux decling coefficient : —0.035
Acxdlfied feed CO2,Upn : 19.9 © 3—vr sxlt passage increase factor :1.3
Fewd msm 1 60.0 kigfem2 - Concentrate pressure :  59.6 kg/cw2
Pass Feed Flow - Cone. Flow Beta Conc. Elemeat. Elewment, Avrray
Total Vessel Total =~ Vassel Pruss . Tapres - No.
w3/te w3/h w3/h w3/h ke fem2 : |
1 1042.5 - 4.1 6255 T 2.5 1,03  59.6 B040-HSY-SWCL 1524  254x6
E. - § ———Raw wa’t.wr*—-w——--——l:‘eed water—— ! —Perweat e—— i —Concentrate——!
L) 4 L] ) L}
f Low b we/Yl weqfl ¥ wg/l weq/l w/l owey /1l wg/l weqq /L
N Sy X L . ¥ N S A
$Ca ! 475.0  23.7 ! 475.0 23.7 ! 2.2 0.r } 790.2 39.4
Mg 1 1555.0 128,00 1 1555.0 128.0 H 7.1 0.6 ! 2587.0 212.9 1}
iNa ° 113284.0 577.6 113284.0 577.6 } 288.1 12.5 121948.0 954 .3 ta
K Y 493,00 12.6 ¥ 493.0 12.6 ¢ 13.3 0.3 - 812.8 20.8 '
i NHa ' 0.0 0.0 ¢ 0.0 0.9 ' 0.0 0.0 H 0.0 0.0 '
i Ba " 0.0 0.0 0.0 0.0 . i 0.0 0.0 H 0.0 0.0 '
R o h 0.0 0.0 0.0 0.0 H 0.0 0.0 4 0.0 0.0 H
W3 0.5 €.,0 ! 0.1 0.0 H 0.0 0.0 H 0.2 0.0 ]
{HCOD 4t 14G.4 2.4 v 122.5 2.0 H 4.3 0.1 ¢ 200.3 3.3 '
{804 Y 3675.0  76.6 ! 3694.5  T77.0 - i 18.3 0.4 ! 6145.3 - 128.0 !
1C1 $123500.0 662.9 . 123500.0 662.9 ¥ 4G4 .5 13.1 138857.0 109G.1 R
'F i 0.0 0.0 | 0,0 0.0 4 0.0 0.0 ! 0.0 0.0 H
INO3 4 0.0 0.0 - ¢ 0.0 0.0 8| 0.0 0.0 H 0.0 0.0 H
35102 i 0.5 ‘ 3 0.5 ! 0.0 ! 0.6 H
§— . . 4
§TDS $43129.4 43124 .6 797.8 TF1342.6 '
fo ' 8.0 7.0 5.6 7.2 '
A [}
‘Calenlated concentrations are 'accm*atfa to  +/~ 10% :
N DL 4
C Raw water : Feerd wultexr - Concenitrate
CaSO4 /Ksp=100,% 27.4 - 27.5 51.0
SrS04 Ksp=100,% 0.0 0.0 0.0
BaSO4 /Ksp=100,% 0.0 0.0 0.0
Si02 sat. % 0.4 0.4 0.7
Lanigees1 1 e 'mr.l. 1.11 : Q.03 0.67
Stiff & Davis irnd. 0.12 : 7 =096 -0.35
Ionic styerqth 0.89 ' _ 0.89 . 1.53
Osmotic ywess. ,psi 477.7 - AHTT.T 813.9
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HYDRANAUTICS DESIGN PROGRAM — VERSION. 4.50 u993> 12—-16—‘93 A
Calculation was wede bv: J 1 C A Lo IR s
Project niawe : SAUDI ARABIAN- SEAWATER "‘DDEL #1- Perheate flow. s 10000 MI-D
Feedwater te-pemhuv 0.0C - Recouvery: ._ 40 03 B EPDET
Raw water pH o 8.00: -Elewent age . 1 0.0 vears R . :
Acid dosage, ppu( 1003) 19,9 H2504 - 'Flm de-cluw cme'fftc;ent 03-3_
Acidified feed CO2.ppn oo 19.9 - 3vr salt passage . umse f.actor 1 3
Fewsxd pmss‘ureg: -76._2 g fom2 - Concentrate p,ressnm T 4. 7 .kg/cnz
Pass - Feed Flow - . Counc. Flow - Beta  Cone. _Elm.{ Elm.t Aryay

Total Vessel Total Vesseal® Press. .- Typé ?m. .

wi/h wifh w3/t w3fh . kgfow2 S _
1 1042.5  10.00 625.5 . 6.0  1.05 = 74.7  8060-HSY-SWCL -'62&, 104x6
! i — Raw water———} ——Feed uate:*——w-——Pmte———!—*Concentmtem:.
1 ] ] 4 [ |
Plon o ows/l weq/l i owg/l owea/L o wg/loweq/l ! wg/l weq/l
o 4 475,00 23.7 4 475.0 23,7 - & 1.0 0.0 791,00 39.5 ¢
! Mg 171555.0°0 128.0 . 4 1555.0 128.0. } - . 3.3+ 0.3 1 2589.5 213.1 H
Na 413284.0 S577.¢  113284.0 577.6 - ! 133.3- .5.8 t22051.1 958.7 %
K ! 493.000 12.6 4 493.0  12.6 . - 6.2 0.2 t 817.5 2.0 4
i NH4 ! 0.0 0.0 § 0.0 0.0 0.0 0.0 ' 0.0 0.0 .. -1
B H 0.0 0.0 0.0 0.0 - - 0.0 0.0 v 0.0 0.0 S
RN of b 0.0 0.0 i 0.0 0.0.. | 0.0 - 0.0 ' 0.0 0.0 i
ico3 0.5 0.0 3 0.1 0.0 1 0.0 0.0 ! 0.2 0.0 &
WHCO3 f 14640 0 2.4 + o 122.5 2.0 H 2.0 . 0.0 ¢t 202.9 . 3.3 1.
1504 L3675.0.0 76,6 . 1 3694.5 T77.0 {0 8.5 . 0.2 £ 6151.9 128.2 %
tCl 123500.0  662.9 . 123500.0  662.9 1-215.0. . G.1 $39023.4.1100.8 i
H H 0.0 0.0 3 0.0 0.0 - 0.0 0.0 Y 0.0 0.0 . .
1NO3 { 0.0 0.0 " Q.0 0.0 | 0.0 0.0 ¢ 00 00 ¢
15102 0.5 Sy 0.5 . | 0.0 H 0.8 : A
H H e e i
i 143129.4 43124 .6 . 369.2 71628 2. 4
fpH ' 8.0 7.0 5.2 7.2 !
A - - - :
iCalculated concemtrations are accuwrate to +/-.10% - '3
H - — L

Raw wuter _ Feed water . Concentrute

CaSO4 /Ksp=100,2%. 26.6 . 26.8 ' L 49,6
SrS04 /Kspx100,% 0.0 0.0 : 0.0
BaSO4 /Ksp=100 5 0.0 - . 0.0 0.0
5102 sat. % . 0.4 0.4 0.6
Langelier ind, 1.22 0.14 0.79
Stiff & Davis irnd. 0,20 -0.68 =0,26. .
Ionic streagth 0.89 L 0,89 1.53
Oswotic press. ,psi 465.8 - 485.7 - 831.3
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HYDRANAUTICS PESIGN PROGRAM —
Caloulation was wade bv: J 1 C A

Project rawe @ SAUDI ARABIAN SEAWATER MODEL #1 Porweate flow : 10000 M3-D

FPeedwater te-peratm %
Raw water

-Acid dosage, pvpu( 1002)*
CAcidified feed CO2,pxom :

Feed pressure @ 69.8 hg/om2.
Pass = Feed Flow Conc:.

Total Vessel Totmul
w3/h wi/h w3/h

-

199H2504

VERSION 4.50 {1993) 12-16~93
‘Recovery 40.0%
- Elewemt age : 0.0 vears : -
- Flux decline coefficient : -0.035
3—r salt passage increase factor 1.3

Concentrate pressure : 68.6 kg/om2

Core:, Elewent Elewemt Array -
Press. Ty ‘ No.
kg /ow2

1042.5 8.0 © 625.5 GB.G B8040-HSY-SWC1 780 130x6
H {—Raw water———!——Feed water-—-|-———Perweate——! —Concerntrate——!
4 ] ) ] ] ]
E. Ton - f we/l weg/l 5 we /)l wey /) E wz/l weq/l 5
iCa 4 475.0 23.7 7 4 1.2 0.1 ! 790.8 39.4 !
e § 1555.0° 128.0 . i 4.1 0.3 t 2588.9 213.1 |
iNa - 113284.0  577.6 ; 4 166.9 7.3 122028.7 957.8 -
K - F 493.0 12.6 2.6 | 7.7 0.2 ¢ 816.5 20.9 !
1 NHS i 0.0 0.0 0.0 0.0 i 0.0 0.0 H 0.0 0.0 H
B t 0.0 - 0.0 0.0 0.0 ki 0.0 0.0 H 0.0 0.0 .t}
!Sr 4 0.0 0.0 0.0 0.0 ! 0.0 0.9 ! 0.0 0.0 !
$CO3 0.5 0.0 0.1 0.0 i 0.0 0.9 i 0.2 0.0 H
HHCO3 3 146,40 2.4 122.5 - 2.0 ' 2.5 0.0. 1+ 202.6 3.3 i
iS04 i 3675.0 - 76.6 3694.5 77.0 H 10.6.- 0.2 Y 6150.4  128.1 !
ici 123500.0 '662.9 23500.0  G62.9 !269.1 . 7.6 138987.3 1099.8 !
! ! 0.0 0.0 - 0.0 0.0 0.0 0.0 i 0.0 0.0 !
1NO3 H 0.0 0.0 0.0 0.0 0.0 0.0 ' 0.0 0.0 H
18102 0.5 0.5 H 0.0 ' 0.8 !
! ot - !
1 TDS 143129.4 43124.6 462.1 71566G.3 A
ipH H 8.0 7.0 5.3 7.2 }
ACaloulated concemtrations are asccurate to +/— 10% ;
H H
. © Raw water Feed water Concenirute

CaSOAIKsp!rIOO % 26.6 26.8 49.6

Sr804 /Ksp=100,% 0.0 0.0 0.0

BuS04 /Ksp=100,% 0.0 0.0 0.0

5102 sat. ., 0.4 0.4 0.6

.Langelu-r ).nd. 1.22 0.14 0.79

Stiff & Davis drwl. 0.20 —).88 —0.26

Tonic strength 0.89 - 0,89 1.53

Oswotic press.,psi 485.8 485%.7 830.5
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VERSION 4:50 (1993)
- Beta

Calculation was wade v J 1 C A
- 3.9

w3/t

an.ocCc -
Vessel -

8.

1919 H2804

19.9 ...

-
-

Couc. Flow -

65.5 hg/cm2
Total
wi/h
- 625.5

SAUDI ARABIAN SEAWATER MODEL #1

A O T

~ wm3/h

:*'a%}_NP 3

HYDRANAUTICS DESIGN PROGRAM ~
Feed Flow

Total Vessel

w3/t

1042.5

Feedwater teq-erattxtfe' T

Raw water pH - :
Acid dosage, pow(100%):

Acidified feed CO2, prw

Pruject rame
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1
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HYDRANAUTICS DESIGN PROGRAM — VERSION 4.50 (1993) - 12-16-93
Calculation was wade bv: J I C A ' .

Project name : SAUDI ARABIAN SEAWATER HODEL #1  Perweate flow : 10000 M3-D
Feedmat_m‘ tewperature 1 30.0C Recoverv 1. 40 .0%

Raw water yH > o 8.00 : ‘Elewent age 0.0 veurs _ _
Acid dosage, ppm(100%): - 19.9 H2504 Flux decline coetficient 3 - —~0.035
Acidified feed CO2,xxm : 19.9 -~ ° 3-¥ salt passage increase factor 1.3
Feod pressure : 61.9 kg/ew2 Concentrate pressuwre :  61.3 kg/em2
Pass  Fwed Flow =~ Cone. Flow  Beta  Conc.  Elewemt  Elewent Array

Totul Vessel Total Vassel - Press. Tvpe - No.
w3/k - wish w3d/h o wi/h R/ em2 - ' _
1 1042.5 5.1 625.5 - 3.1 1.03  61.3 68040-HSY-SWC1 1218  203x6
s $ e Roave wat e ! Feredd water—-i—-Penmatr,-——:-.—Concentmtev——{
H ¢ ' H i H ' i
d o Ton E wg/l  weqfl o E wg/l weq/l E wg/l weq/l f w/l weq/) '
1 - ——e . — [ - i 1
Ca * } 475.0 23,7 ' &75.0 23.7 | 2.0 0.1} 790.3 39.4
My 115550 128.0 i 1555.0 128.0 1 ¢.5 0.5 ¢ 2587.3 212.9 H
fNa  $13284.0 577.6 113284.0 577.6 ! 265.8 11.6 121962.8 954.9 !
'K 1 493.0  12.6 -t 493.0 12.6 H 12.3 0.3 ¢! 813.5- 20.9 !
INHA 0.0 0.0 1 0.0 0.0 H 0.0 0.0 ' 0.0 0.0 H
Ba 0.0 0.0 0.0 0.0 i 0.0 0.0 i 0.0 0.0 '
15 0 ) 0,0 0.0 3 0.0 0.0 H 0.0 0.0 H 0.0 Q0.0 H
o3 o 0.5 0.0 0.1 0.0 0.0 0.0 ' 0.2 0.0 :
HCO3 1 1464 2.4 .1 122.5 2.0 : 4.0 0.1 P 201.6 3.3 i
1504 1'3675.0 © 76.6 1V 36%.5  77.0 16.9 0.4 t €146.2 128.0 4
iCl - 123500.0 662.9 123500.0 662.9 ! - 428.5 12.1 138881.0 1096.8 !
: ] o 0.0 0,0 H 0.0 0.0 t 0.0 0.0 i 0.0 0.0 :
INO3 0.0 0.0 0.0 0.0 i 0.0 0.0 § . 0.0 0.0 H
{5102 ! 0.5 ! 0.5 ; 0.0 : 0.8 '
\ : 3 — . .
1 TDS 143129 .4 43124 .6 736.0 71383.7 ;
eH H 8.0 7.0 5.0 7.2 :
L - )
{Caloulated concentrations arw acourate to +/—= 10% '
Raw water " Fesnd water Concentrabe

CaS04 /Ksp=100, 3 26 - c 26,6 : s

SreTL Mep=1l00, 5 0.0 : 0.6 ‘ : 0.0

TLS0G /MKsp=100 % 0.0 DG ' 6.0

5102 sab. L0G ‘ 0.5 0.6

Langelier iudy 1,22 : DLk . 0.78

GLiff A Deevis ind. 9.20 ~.88 . —0.27

Tonie abrerath 0.89 : 0.89 ) - 1.53

Dswobic prass.,psi 485.8 T 4837 828.1
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HYDRANAUTICS - DESIGN PROGRAM — VERSION. 4,50 (1993) . . 12-16-93

Calenlation was wade bv:' J | C A ) I : Do
Project: wuwe : SAUDI ARABIAN SEAWATER MODEL.#1 . :Pmt_e'flowc'_:‘ 10000 M3-D
Feedwater tmtm ;' 30.0C.. . - - Recovery 3 40.0% - :
Raw water pH S 8.00 - - Elewent age * 0.0 veurs . . R
Acid dosage, pp-( 1002) -19.9 HZSOQ “Flax dec.llne coefficient \-04.,03.5
Acidified feed COZ2,ppm : 19.9 . - 3—vr salt prass.age increase f.actor_ 1;_._;3
Feed ;&essuna : 59,9 kg/cu? S Cow;entr_-ate_ pressure :  59.5 hg/ow?2
Puss - Feed Flow Conc. Flow - Beta  Conc., = Elewemit  Elewent Array .

Total Vessel Total  Vessel Press. - STy . WNe,

w3/t w3/t w3/k w3/h kg /o2 R S
1 -1042.5 4,1 - " 625.5 - 2.5. 1.03 © 59.5 B8040-HSY-SWCl 1524 . - 234%6
§— {~—Raw water———{~~——Food water—: Pem:te—.——Concwmtrate—-——:
! ! : 4 PR k} :
! Tonc 3 we/l weqq/l L wmg/l 0 weqg/l f g/l neq_/l E ‘wg/l ‘u'.q/l._ : 3
H 13 = " - — H T T F— e ~ - ¥
‘Ca TYOA7Z0 0 23,7 0t 475,00 23,7 2.5, 0.1, 1 790.0. 39.4 i
Mg t 1555.0.128.0 t 1555.0 128.0. 4. 8.3 0.7 1 2586.1...212.8 !
I N 113284.0 '577.6. 113284.0. 577.6- .1 340.1 - 14.8: 121913.3 '952.8 !
K P 4693.00 12.6 i 493.0 12.6 i 15.8. 0.4 1 811,2., 2.8 1}
INHG {00 0.0 ' 0.0 0.0 Y. 0.0 0.0, 0.0 0.0
‘Ba 0.0 0.0 -} 0.0 0.0 - 0.0 0.0 ’ 0.0 0.0 .1}
‘8r ¥ 0.0 0.0 ! 0.0 0.0 4 0.0 0.0 1 0.0 0.0
yC0O3 : 0.5 0.0 H 0.1 0.0. 3 0.0 0.0 0.2 - 00 1
THCO3 . ¢ 1464 2.4 t122.5 2.0 .1 5.1 0.1 - 200.8 3.3 .4
) 23GT5.0 76.6 - .} 3694.5 7.0 -V 2.6 0.5.: 1 6143.1 . 128.0 !
tCl $23500.0 662.9 123500.0 6G2.9 - . 1. 548.4 15,5  !38801.1 1094.5 v
! t 0.0 0.¢ -}y 0.0 0.0 1050 0.0 - Q.07 0.0
INO3 0.0 0.0 ! 0.0 0.0 ! 0.0 0.0:. 0.0 0.0, !
15102 3 0.5 ' 0.5 : H 0.0 SR . 0.8 ' R |
L i . &
{TDS  143129.4 43124.6 941.9 71246.5 -y
fpH = 8.0 7.0 5.6 7.2 {
] L)
{Calmlated concentrations ave acomate to  +/--10% :
] - [

Raw water ce Fewd water ... Concentrate

CaSO4 fKspa100,% 26.6 26.8 ' 49.6
Sra04 /Ksp=100,% 0.0 0.0 0.0
BaSO4/Kspx100,% 0.0 0.0 0.0
5102 sat ., _ 0.4 0.4 0.6
Langelier imwd. 1.22 0.14 0.78
Stitf & Davis ivd. Q.20 -0.68 —0.27
Tonic stremgth 0.89 0.89 1.52
Osmotic press. ,psi 485.8 485.7 826.3 .
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HYDRANAUTICS DESIGN PROGRAM — VERSION 4.50 (19‘)3) _ 12-16-93

Culenlation was wade by: J 1 C A
Project nawe : SAUDI ARABIAN SEAWATER MODEL #1  Perweute flow : 10000 M3-D
Feodwater téupet-ai.m-e : 0 350C Recovery 40 . 0%
Raw wauter pH : - 8.00 - Elewent age : 0.0 vears
Acid dosage, prw(100%):  19.9 H2504 Flux decline coefficient : - "=0.,035
Acidified feed COZ2,ppom = 19.9 3—vr salt passage increase factor :1.3
Feed pressure 1 68.9 kgl/ew2 : Concentrate pressure @ 67.8 kg/om2
Pass © Fewd Flow Cone:. Flow Beta - Cone. Element, Elewment Array

Total Vessel Total Vessel : Press. Typee ' No.

wi/h w3/h - w3/h wi/h kg fewl :
1 1042.5 60 - 625.5 S48 1.04 0 G7.8 B40HSY-SWCL 780 1306
H { ——Raw wier—.-———?ead water i Perwesate i —Concemtrate——|
i i 13 ] [} 1
i Ion | ~wg/l _neq/l ' wg/l oweqg/l g/l weq/l b owg/l oweq/l E

H : : : ' H ¢
Wa o Y 475 23.7 1 475.0 23.7 ¢ 1.5 0.1 7907 39.4 H
Mg ki 1555.0 126.0 { 1555.0. 128.0 H 4.8 0.4 ! 2588.5 213.0 !
ANa :4132684.0 ° 577.6 . 113284.0  B77.C i 195.8 8.5 122009.5 956.9 H
K 4+.693.0 - 12.6 493,00 12.6 t 2.1 0.2 ! 815.6 20.9 !
: NHa4 H 0.0 0.0 1. 0.0 0.0 H 0.0 0.0 ! 0.0 0.0 }
;5 H 0.0 0.0 H 0.0 0.0 i 0.0 Q0.0 H 0.0 Q.0 i
{Sr 4 0.0 0.0 '} 0.0 0.0 H 0.0 0.0 H 0.0 0.0 H
1Co3 0.5 0.0 04 0.0 H 0.0 0.0 i 0.2 0.0 p
THCO3 Y 1464 2.4 . 1 122.5 2.0 H 3.0 0.0 !202.0 3.3 !
{804 ¢ 3675.0  76.6 t 3694.5 77.0 H 12.4 0.2 ! 6149.2 128.1 4
1C1 123500.0 - 662.9 123500.0 662.9 ¥ 315.7 8.9 138956G.2 1098.9 !
L 0.0 0.0 % 0.0 0.0 H 0.0 0.0 ! 0.0 0.0 i
INOD 4 0.0 0.0 H 0.0 0.0 3 0.0 0.0 H 0.0 0.0 H
15102 ¢ 0.5 't 0.5 ' 0.0 : 0.8 :
4 13 - 3
¢ TDS 143129.4 43124 .6 542.2 71512.9 H
ipH t 8.0 7.0 5.4 7.2 b
[ - . L
H:‘-slt'ul ated cmnc.venfra* ions are accurate ’ro +/—~ 10% :
[} [}
_ Rav water . Feed water Concemtrute

CaS04 /Kspx100,% 26.0 26.2 48.5
Sr804/Kspx100,7% 0.0 0.0 0.0
BuaSO4 /Ksp=100,% 0.0 0.0 0.0
8i02 sat. ., 0.3 0.3 0.6
Langelier ird. 1.33 0.25 0.89
Stiff & Davis ired. 0.31 =0.77 -0, 14
Tonic strength - 0.89 : 0.89 1.53
Oswotic press. ,p-st 493.8 : 493.7 843.5



G

63&Jwﬂm2_
162

10000 H3-D

No,

Elewenit  Array .
972

. 12-16-93

-,
.

1l

Flux decline coefficient :

0.0 vears
_3=vr . salt passage increase, factor

. 40.0%
- Type

Elewent

*
e

Perwecste flow.

-
-

Concemtrate pressure,

Cone,

Press.,
. 63.0 - B040-HSY-S

kg/ew2

. Elewent age
.03 .

" . Recovery
Beta

1

VERSION 4.50 (1993):

C A
35.0C
Vassel
w37k

8.00

19.9 H2504 "

19.9

I

J

ge, prw(100%):

Acidified feed COZ,.pyw
Corcc. Flow

w3/t
. 625.5

G3.8 kygfoew? .
Total

»
-

w3/h
6.4

Feed Flow
Total Vessel

n3/h
1042.5

B34 No 10
Project vawe : SAUDI. ARABIAN SEAWATER MODEL #1-

HYDRANAUTICS DESIGN PROGRAM —

Feedwater tewperature :

Raw water pH @ -

Caleulation was wade bv:
Acid dosa

Feed pressuare.
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HYDRANALUTICS DESIGN PROGRAM — VERSION 4.30 {1993) 12—-16—93
Calculution was wmade bv: J T C A
Protect rume : SAUDI ARABIAN SEM#ATE? I‘iODEI.. #l  Perwwate flow 10000 M3-D
Feecheuter teut-er-atm-e r - 35%.0C Recovery 40.0%
Raw water pH : 8.00 ' Elewent age @ 0.0 veurs
Acid dosage, ol 100?)' 19,9 H2804 . Flux decline coefficient : -0 .035
Acidified feed CO.‘Z,pp- 1 19.9 o 3~yr salt prassage irerease factor 1.3
Feed .prassure v G1.7 kgfewm2 _ Concentrate pressure @ Gl1.1 kg /owm2
Pass Feexd Flow Conc. Flow Beta Conec. Elewent. Elewwsmnit  Arrvay
Total Vessel Total — Vessel Press. Tvpe - No.
w3/h  wm3/h w3/h w3k kg fow2 '

1 1042.5 5.1 -625.5 3.1 1.03 61.1 BO4GO-HSY-SWCL 1218 203x6

—FRaw water————; ——Feed wat«r———.——Permheﬂ—.—Concx-ntratH

[} ] (]
] [ [} 1 . 1
} lon E Cwg /)l weqy/l 3 wg /Ll weq/l i wg/l weq/l E we /1l weyg/l E
Y - . 475.0--23.7 Y4750 0 23.7 i 2.3 0.1 ! 790.1  39.4 !
‘Mg 41555.0 '128.0 .. 1555.0 128.0 V7.6 0.6 i 2586.6 212.9 !
iNa . 113284.0° 577.6 113284.0  577.6 i 3121 0 13.6 121931.9 953.6 !
1K {0 493,.0  12.6 ! 493.0  12.6 H 14.5 Q.4 ! 812.0 20.8 :
 NHG ! 0.0 0.0 ' 0.0 0.0 ' 0.0 0.0 ! 0.0 0.0 :
1B ! 0.0 0.0 : 0.0 0.0 i 0.0 0.0 ! 0.0 0.0 !
iSr 4 0.0 0.0 ! 0.0 0.0 0.0 0.0 ! 0.0 0.0 !
1CO3 ' .5 - 0.0 0.1 0.0 P 0.0 0.0 ! 0.2° 0.0 H
THCO3 L 146,40 2.4 P122.5 2.0 } 4.7 0.1 t 2011 3.3 !
$SO% V367500 76.6 ! 3694.5  77.0 | 19.8 0.4 ! Gla4.3 0 128.0 i
1Cl 123500.0 662.9 | 123500.0  662.9 i 503.2 14.2 138831.2 1095.4 !
H i 0.0, 0.0 .V 0.0 0.0 ! 0.0 0.0 b 0.0 - 0.0 )
INO3 ' 0.0 0.0 ! . D.0 0.0 ! 0.0 0.0 : 0.0 0.0 1
15102 0.5 ] 0.3 H 0.0 § 0.6 '
L [] 1
iTDS - 143129.4 . £43124.G 864.3 71296.2 :
fpH ! 8.0 7.0 5.6 7.2 ¢

;

:

ICalevlated concemtrations are accurate to +/- 10%

Raw water _ Fewd watear Concentrate

CaS04 /Hspx100,% - 26.0 _ 26.2 48.5
Sy504 /Ksp=100,7% 0.0 . 0.0 0.0
BuS04 MKsp=100,% 0.0 0.0 0.0
Si02 sat.,2 . 0.3 0.3 0.6
Langel ier ired, ©1.33 0.25 0.89
SLiff & Davis ind. 0.31 —0.77 —0.15
lonic strength 0.89 - 0.689 1.53
Oswotic pres‘s ,psi 493.8 . 493.7 840 .7

11
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-0

3—vr salt passage iucrease factor :1.3

10000 H3-D
130x6

64.8 kg fcm?

780

12-16-93
Elewent Array
NG .

-
-

-

Flux decline coefficient

40.0%
0.0 veaars
Type

"Elewent

 Perwsate flow

-
H

Qmaadwdépnmmne:
G4 .8 BO4KO-HSY-SWC1L

kg Jom2

Cone .
Press.

Elewenit age :

4.50 {1993}

. Recovery

 Beta
1.04

4.8

" VERSTO}
CA

w3/t

J 1

a.

19.9
Vessel

19.9 H2S04

. 40.0 C

.Gmchhm

Total
625.5

w3fh

8.0

"5 %% No I3
ﬂyh

Fewd Flow
Total Vessel
w3/h

1042.5

Fewdwater tewperature

Raw water pH @
Feradd pvessure :

Pass :
1

Project nuwe : SAUDI ARABIAN SEAWATER HODEL #1

Calculation was wade by:
Acid dosage, ppw(1003Z)

Acidified feed CO2,pywm

HYDRANAUTICS DESIGN
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-

| 62.8 kg/om2.

" foooo 13
Element Array

1241693
972

Perweate flow

kN

0.9 vears

40.0%
Tvpe -

) Elewent

-
-

TPl decline coefficient
Oy sault passage increase

By

Concentrate pressurw

Cmm;
Press.

62.8 B04O-HSY-SWC1

Elewent.
hg/cw2

Beta

VERSION 4.50 (1993)
1,03

3.9

Flow
Vesseal -
w3/h

40.0 C
40.0 C

" 19,9 H2504.

JICA
19.9

Project naws : SAUDI ARABIAN SEAWATER MODEL #1

-
-
-
H

Conc.,
Total -

w3/h
GZLS

63.6 kgfom2.

_e.e.

‘; %%'No |4-
w3/h

-
-

Feerd Flow
Totxl Vessel
w3/

1042.5

HYDRANAUTICS DESIGN PROGRAM -

Foedwater temperature :

Raw watey pH ,
Acid dosage, Ypom{ 1L00Z)

Calculation was wade bv
Acidified fged CO2,ppm

Feed pressure
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HYDRANAUTICS DESIGN PROGRAM — VERSION 4.50 (1993) . 12-16-93
Calculation was wade by: J 1 C A ' :
P_roject name ' SAUDL ARABIAN SEAWATER. MODEL #1 Perweate {low 3 10000 ¥M3—D
Feedwater tewperature 40.0 C Recovery : 40.0% ' '
Ruw water pH : o B0 " Elewent age @ 0.0 vears _
Acid dosage, ppw{100%): - 19.9 H2S04 Flux decline coefficient .0
Acidified feoed CO2,ppw.:  19.9 ) 3—vr salt passage iucresse factor :1.3
Feed pressure @ 60.5 k.g/cu2 . Concentrate pressumre @ 60.0 kg/on2
Puss . Perexd .Flbw Covc. Flow  Beta Cone . Elewent, Elewent Array
Total Vessel Total Vessel Press. Tygre No. '
w3/h w3/h w3/t wifhe kg foem2 .
1 . 1042.5 5.1 625.5 . 3.1 1.03° 60.0  B040-HSY-SWC1 1218 203x6
4 1 ——Raw water'—.-——.i ——Feed water— ! ——Permeante—— —Concent rate———-1:
H H . ' ' H i H
! o wg/l  weq/l f wi/l weq/l. 3 ws/l weq/l E wig/l weq/fl H
f— P - - —1— — : — ! . :
H e 14750 23.7 I 475.0 23.7 H 2.7 0.1 t 789.9 39.4 :
g 1.1555.0 :128,0 '} 1555.0 128.0 H 8.8 0.7 ! 2585.8 212.8 t
TN 113284 .0 577.6 i13284.0 577.6 . 359.6 15.6 121900.3 952.2 H
1K 4 -493.0 . 12.6 1} 493, 12.6 4 16.7 0.4 . 810.6 20.8 H
' NHA H 0.0 0.0 H 0.0 0.0 H 0.0 6.9 ! 0.0 0.0 :
i Ba o0 0.0 0.0 ' 0.0 0.0 [ 0.0 ¢.0 ! 0.0 0.0 '
‘St ! 0.0 0.0 i 0.0 0.0 i 0.0 0.0 b 0.0 0.0 H
W3 ) 0.5 0.0 R 0.1 0.0 1 0.0 0.0 H 0.2 0.0 H
IHOD3 f 46 .46 . 2.4 0 1 122.5 2.0 H 5.4 0.1 ! 200.6 3.3 i
1S4 1 3675.0 76.6 )} 3694.5 77.0 22.9 0.5 1 Gl42.2 128.0 '
iCl 123500.0 662.9 123500.0 662.9 ¥ B79.8 16 .4 138780.1 1093.9 H
VF 1 0.0 0.0 ' 0.0 0.0 H 0.0 0.0 ' 0.0 0.0 !
{NO3 S 0.0 0.0 ' 0.0 0.0 H 0.0 0.0 H 0.0 0.0 H
15102 - 0.5 : i 0.5 H 0.0 . ! 0.8 H
i . i ]
ITDS 143129.4 43124 .6 995.9 71210.5 :
tpH : 8.0 7.0 | 5.6 7. :
iCalenlaxted concentratious are accuwrste to  +/— 103 !
4 - - L)
_ Raw water Fewxd water Concenttrate
Ca504 /Kspx100,% 25.5 25.6 47.5
SrS04 /Kspx100,% 0.0 0.0 0.0
BuSO4 Kspa100,% 0.0 0.0 0.0
Si02 sat. ., 0.3 0.3 0.5
Langelier dvd. 1.44 0.36 1.00
Stiff & Davis ind. Q.43 ~0.65 —0.02
Tenic strength 0.89 0.89 . 1.52
Oswotic press, ,psi 501.8 501.7 853.1
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HYDRANAUTICS DESIGN PROGRAM —C aensmx 450 (1993) - 12-1693

Caleculation was wade by: J 1 - _ .

Project mame : SAUDI ARABIAN SEAWATER "iODEL s Pmt'eﬂw + 0 10000 N3-D

Feedwater t-eu;-eratwe 40.0C Recovery : .  40.0% - _

Raw water pH @ 8.00 " Elewent a ;0.0 years . o

Acid dosage, ppn( 1003) 19,9 H2804 - Fluax dec:hue c:oefftc.lent : —0 03

Acidified feed CO2,ppw : 19.9 3—yr salt passage u:crease fact.or l 3

Feexl pressn.fré : 59‘.1'_kg/cvt2 : o Conce_mtmte ]:u-essu'rrk : '56"3'1&3/-::‘2

Pass ‘Feed Flow Conc. Flow _ Beta Comc. Elmst . Elewemt - Arvay ¢
Total Vessel Total Vessel Press. . Type ' No. :
w3/h w3/h w3/h w3/h C kgfow2 o

1 1042.5 4.1 625.5 2.5 1.02  58.7 BOALO-HSY-SWCl 1526 254x6

H $—Raw mterh-——-—.-——-Feed mter——.———?em:te—-m:w—&rm\“rttrdte———-‘:

i ] ] 1 H

¢ Lon E Cwg/l ueq/l 4 s/l weq/) E wi /1l wex/l b lg/l weq /L

H - - - - - - — H — : - el | - ———y

1Ca ¢ 475.0° 23,7 4 475.0 23.7 v 3.5 0.2 } 789.4 39.4

Mg ! 1555.0 128.0 1.1555.0 128.0 Vo130 0.9 ¢ 2584.1 212.7 v

' Na 113284.0 577.6 113284 .0 577.6 ! 460.6 © 20.0 t21833.0 949.3 H

K 1 T493.0 12,6 4 493.0° 12.6 ¢ 21.3 - 0.5 ! 807.4 20.7 !

iINHSG 0.0 0.0 0.0 0.0 0.0 0.0 ) 0.0 0.0 H

By ‘ 0.0 0.0 ! 0.0 0.0 { 0.0 0.0 { 0.0 0.0 %

Sy 0.0 0.0 { 0.0 0.0 ‘% 0.0 0.0 { 0.0 0.0 -}

€Ol 0.5 0.0 3 0.1 6.0 i 0.0 0.0 0.2 0.0 i

PHCO3  V 146.4 2.4 vo122.5 . 2,0 1 G.9 0.1 4 199.6 - 3.3 -}

1504 V365,00 76,6 136945 77.0 . 20.3 0 0.6 ‘ 6137 9 127.9 H

1Cl 123300.0. 662.9 123500 .0 G629 V. T742.6 0 20.9 138671.6 109%0.9 i

i ! 0.0 0.0 H 0.0 0.0 b 0.0 0.0 N 0.0 0.0

tNO3 ; 0.0 0.0 ' 0.0 0.0 0.0 0.0 0.0 0.0 1

15102 ¢ 0.5 H 0.5 ' ' 0.0 H 0.8 A

& [ . - i '

YTDS  143129.4 43124.6 1275.5 71024.0 S

pH ' 8.0 7.0 - 5.8 7.2 y

1 K . 1

{Calemlated concemtrations are accurate to  +/- 10% R

Raw water " Fewd water 7 Concentrute

Ca504 /Kspx100,% 25.5 25.6 476

SrS04 /Kspx 100, 0.0 0.0 0.0

PS04 /Kspe100,% 0.0 0.0 0.0

5102 sat. X 0.3 0.3 - 0.5

Langelier i, 1.44 0.36 0.99

Stiff & Davis ind. 0.43 -0.65 ~=0:03"

Tounte strengtih 0.89 o 0.89 1.952

Oswotic press. ,psi 501.8 501.7 850.6
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HYDRANAUTICS DESIGN PROGRAM — VERSION 4.50 (1993) 12-16-93

Calculated concentrations are aconrate to +/= 10%

Caloulation was wade bv: J 1 C A _
Proiect mawe : SAUDI ARABIAN SEAWATER NODEL #1 Perweate flow : 10000 M3-D
Feedheater tewperatuwre ' 7 45.0 C Récovery 40.0%
Raw water pH : - 8,00 - Elewsnt apge : 0.0 vears :
Acid dosage, prw(100%): 19,9 H2504  Flux decline coefficient : —-0.035
Acidified feed CO2,ppm @ 19.9 ~ 3=vr salt passage incrwase factor :1.3 :
Feed "):tres’sm‘é r 656 higfom2. T ' Concentrate pressure @ 64.5 kgfom2
Pass  Feed Flow: Crm(. "Flow  Beta Cone. EL et Elewent Arvay
. Total Vessel Total Vessel | Press. Tvpe No. '
w3/h w3/b w3/h . w3/h . keg fom2
1 10&25 8.0 625.5 4.8 1.03 4.5 BO4GO-HSY-SKWC] 780  130x%6
! S ——Ruw water— ! —Fewd witere—) ——Permweut e ——Concentrate—!
! ! : : _ ' A :
PTon b g/l oweq/L e/l wea/l 1 we/l o weg/l D we/l oweq/l R
[ s - v - ] . []
Ca YV 475.0 0 23,7 1 475.0  23.7 ! 1.9 - 0.r ! 790.4 39.4 !
th 1:1555.0 128.0° 1 1555.0 128.0 t 6.4 0.5 2587.4 213.0 i
I Na 113284.0 577.6 113284 .0 577.6 Y259.5 0 11,3 121967.0 953.1 :
H 4T 493.0 12.6 1 493,00 12.G t 12.0 0.3 ¥ 813.7 20.9 §
iINHG ¥ 0.0 0.0 ! Q.0 0.0 1 0.0 0.0 0.0 0.0 }
+Ba ¥ 0.0 0.0 1} 0.0 6.0 H 0.0 0.0 ! 0.0 0.0 H
1Sr N 0.0 0.0 H 0.0 0.0 H Q.0 0.0 : .0 0.0 H
1CO3 § 0.5 0.0 ! 0.1 0.0 i 0.0 0.0 ' 0.2 0.0 !
1HOO3 " v 146,40 204 !122.5° 2.0 t 3.9 0.4 I 201.6 3.3 H
4504 ! 3675,0 | 76.6 Y 3694.5 - 77.0 ] 16.5 0.3 P 6146.5 128.1 !
1Cl §23500.0  662.9 Y23500.0 62,9 Po418.4 0 11.8 138887.8 1097.0 i
iF i 0.0 . 0.0 ! 0.0 0.0 ¥ 0.0 0.0 ¢ 0.0 0.0 !
N3 0.0 0.0 0.0 0.0 } 0.0 0.0 H 0.0 0.0 H
Si02 V- 0.5 1 0.5 d 0.0 ! 0.8 b
) L] i . 4
YTDS 143129.4 43124.6G 718.6 71395.4 !
fpH : 8.0 7.0 5.5 7.2 H
i 4
; ;

_ . Raw water Fewd water Concentrate
CaSO4 fKsp=100,5%. 25.0 "2%.2 467
SrSOd /Ksp=100,% 0.0 0.0 0.0
BuSO4 Ksp=100,%. 0.0 0.0 0.0
Si02 sat . ,X% 0.3 0.3 0.5
Largrel e ived. 1.55 .47 1.11
Stiff & Davis ivwd. 0.55 ~0.53 0.11
Iouic strength 0.89 0.89 1.53
Oswobtic press. ,psi 509.8 509.7 869.3
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162x6

10000 43D .

62.8 hg/cm2
Elewent - Arvay

972

12-16-93 .
N

0.0 veurs

Flux decline coefficient

Type .

. Elewemt

C40.0%

-
c .

-
H

. Perweaate Tlow

sall pussage increase fa(:tor 1.3

Concemirate pressure @

Cone. .

Press. .

62.8  BO4O-HSY-SWCL

hy/om2

~

Elewent age

. Rescovery

l:.3r-ﬂvr

1,03

VERSION 4.50 (1993)
Beta

C A
5.0 C
Flow _
Vessel .

w3/

-3.9

1

Project nawe : SAUDI ARABIAN SEAWATER MODEL #1 -

J

8.00 . .
19.9 H2S04 .
19.9 .

bsvx

N Conc..
Total

w3/h
625.5 .

PROGRAM —

100%)
63.6 hg/cm2

6.h

oo 13
w3/h

Feed Flow
Total Véssel
w3/t

1042 .5

Feedwater tLewperature

Ruw water pH
Acidified feed CO2.pypwm :

HYDRANATITICS DFSIGY

Calculation was
Acid dosage, prw(

Feed pressure @

Pass
1

i wn o s s R s v e v wn v . — e - - ——

k = 490&000@30ﬁ00
Slon ™ ’
m w almmoooo Bmoo .
T 9annoeenan=aae |en £ negouaman
_ : _
£ ¥ % 910000 wuooo Q~ m MOOOIOlW;
% _ '3 o 3 S
) ; I L o-
faal
= 1JAA£ﬁﬁﬁJAﬁﬁﬂ
.w octocoococonee
) 1
~ 5163000000Aﬁﬁﬁ ~oleel
¥ 26w50000513000 @\ |~ &
5 @ ,_.. % 1)
e - + | .w.20034567
o 2 e 08 2 w2 s e i | 5 i o
| 5 m oo 4 m
e - .
N 706Innﬁﬁﬁ09oo o =
™ oY o
m QERNeeco ?ﬁoo "
—in’ b
- ]
W 00000001550005 vo | &
QC0OCCHNNO 91y
Y 300002 cco{gn
2333 %m N
S YN -l
-y ) a
_ - & o
SIS ES s P g & huo
o 5 v ceocnhnde
ot b LR T T
T |[™evececervaqe ﬂ x 5000100m.
Flogrnoooongace [ ¥ b
m NS ~8 <l 3
: : o ! e
n.oooooon5400005 29| £ ppcee T
il nngneccovQeee lom | Qe e
N W (A
Fgggaeeseggeses 8| 0| gge B
3 MK - am
4 + R TN ) I S
IiIllllnl(ltttl’lrlrl-lvlnlil|l|llilllltll ‘..__n- SSSte -T._.
. - Xy Memaf 0 O
5 g F33Fwon
m 3@ : -t Wmmz e 2
= mm Q= MH a PRO Ewek
\x\&mb 3 zaduza |Ex[d] AGARIBAE

18



; 24 No

HYDRANADUTICS DESIGN PROGRAM — VERSION 4.50 (1993) : . 12-16-93

Calenlation was wade by: J 1 C A

Proiect raws : SAUDI ARABIAN SEAWATER MODEL #1 = Perweate flow : 10000 N3-D

Feedwater tmmt\w ' 45.0C Recovery s 40,0%

Raw water yH : S 8,00 Elewwert ape 0.0 yvears :

Acid dosaue, ppn( 100%): 19,9 H2804 Flux decline coefficient —0.035

Acidifiedd féud CO2,pxm @ 19.9 ' 3-vr sult passage invrease factor 1.3

Feerd presstare : 60,7 kgfoem2 0 Concemntrate pressure @ 60.2 kgfom?

Pass  Fewd Flow Conve:. Flow . Beta Cone:. | Elewent Elewent  Arrav
' Total Vessel Total Vessel _ Press. Type No.

wi/h o w3/h w3/h wi/h. kg fom2
1 1042.5 5.1 625.5 3.1  1.03  G0.2 BO4O-HSY-SWC1 1218  203xG

—Raw mter-——-—-——- —Feéd. water—} ———Perwente—— | —Concentirate——

4 [ \
5 5 4 s : !
VoTon i ws/ w_nsq/l E Cw/)l o wmeq /) 3 wi/l omeq/l E ws/l wexy/l L
i\ . . L3
1Ca Va75.0 23,7 V475,00 23.7 1 3.1 0.2 P 789.6 0 139.4 !
{ Me ¢t 1555.0 128.0 ! 1555.0 128.0 ! 10.3 0.8 1 2584.8 212.7 H
HNE S413284.0° 577.6 113284 .0 577.6 i 418.3 18.2 121861.1 950.5 . 1
K Db 493,00 - 12.6 01 493.0  12.6 1904 0.5 { 808.8 20.7 H
INHe 0.0 0.0 H 0.0 0.0 i 0.0 0.0 } 0.0 0.0 :
B 0.0 0.0 0.0 0.0 t 0.0 0.0 ! 0.0 0.0 i
iSr i 0.0 0.0 0.0 0.0 0.0 0.0 L 0.0 0.0 !
1CO3 1 0.5 0.0 ! 0.1 0.0 ¢ 0.0 0.0 ! 0.2 0.0 1B
YHCO3. ¢ 146,40 2.4 L122.5 2.0 ¢ 6.3 0.1 ! 200.0 3.3 |
1504 ¢ 3675.0. 7G.6 V. 3694.5 7.0 @ 2G.6. 0.6 ! 6139.7 127.9 '
iICl 23500.0  662.9 123500.0 62.9 Y 674.5 19.0 138717.0 1092.2 3
4 0.0 0.0 .} 0.0 0.0 i 0.0 0.0 H 0.0 0.0 ;
iNO3 § 0.0 0.0 ! 0.0 0.0 t 0.0 0.0 } 0.0 0.0 }
t5102 0.5 K 0.5 : 0.0 : 0.8 !
{TDS - 143120.4 43124.6 1158.6 71102.0 {
‘o ! 8.0 7.0 5.7 7.2 '
Calenlat, wd concentrations arwe accurate to  4/- 109 '
1 ]
Raw water - Peswl water Concentrate
CaS04 /Ksp=100,% 25.0 25.2 a6, 7
Sr504 /Kspx100, 2% 0.0 0.0 : 0.0
BaSO4 /Ksp=100,2 0.0 0.0 0.0
Si02 sat. . % 0.3 0.3 0.5
Langﬁ-}.u-r ind. 1.55 0.47 1.10
Stiff & Davis ind. 0.55 —0.53 0.10
Tonic stremgth 0.89 0.89 : 1.52
-Oswotic press. ,psi 509.8 S09.7 865.3
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HYDRANAUTICS DESIGN PROGRAM — VERSION‘ 4. .JO (1993\ e o 7.12—1?——93
Calculation wus wade bv: J T C A oy o .
Project time SAUDT. ARABIAXN SR\h’ATER weee =1 PET‘:?:f.’-'aie flow : uf}‘O “3—D_.
Feadwal er tﬁ-mp—r-.;hxre : 33.0 C . Rer.o\r—-w : _ 300?; . B
Raw wabter pH @ . 800 0 Blement age.:. 0.0 \'ears e
Acid] dosage, p{-m( 100%) ©19.9 H2884 0 Flux decline coef £ 30 ent. —0.035.
Acidified feed CO2pa 19.9 o RS 2 o s.alt S SULe uwraase f.ac’t.or 1.3
Fead prryssufe. s 5_5.4 kg /om2 B Concant.ﬁatﬁ. mscu‘r\e T . D44 kg/él2.
Pass Faend Flow Cone:, Flow . Beta. . Cone., Elewent. E}.enent CArTay |

Total Vessel Tota) Vessel : Press. Tvpe o Ne. o

w3/l w3/h wi/h w3/h kglcu2 o , o _
1 .1389.9. . 6.8. 973.0 4.8 . 1.03. D4.4  BO4O-HSY-SWC1 - 1218 _ Z'DBxG
§ e - —Raw water— ——!—~Feed water—m:-—r-Pmte—_——:n&mceﬂtmte—: '
olon b ow/) weqf) E e/t weq /1 f L owmg/l oweq/l ! w/V weqll '
H H - - v - - . — e - — H
§Ca ! 475.0 . 23.7 P 4750 23,7 4 2.1 . 0. !} @77.7 233.8 H
3 ! 1555.0 128.0 P 1555.0.128,0 4. 6.8 0.6 1 2218.5 182.6 !
b 133284 .0 577.6 ° 113284.0 577.6 V. 276.1  12.0 . 118858.8 .819.9 H
! t 893,00 12.6 {493.0 12,6 } 12.8.° . 0.3 |} 698.8 17.9 '
INHG ¢ 0.0 0.0 ! 0.0 0.0 !} 0.0 0.0 ! 0.0 0.0 !
1 Ba : 0.0 0.0 ! 0.0 0.0 ¥ 0.0 . 0.0 0.0 0.0 1
‘S H 0.0 0.0 ! 0.0 0.0 1 0.0 0.0 0.0 0.0 |
1CO3 H 0.5 0.0 0] 0.0 H 0.0 0.0 1} 0.1 0.0 . 3
{HCO3 | 146G.4 2.4 t122.5 2.0 1 4.2 0.1 it 173.3.. 2.8 !
1S04 LGS0 7660 ) 3694.5 0 77.0 : 17.5 - 0.4 1. 5270.3 "109.8° i
iIC1 123500.0 . 662.9 {23500.0 6GG2.9 P44b.1 12,6 0 133380.7 941.6
IF H 0.0 0.0 ' 0.0 0.0. ¢ 0.0 0.0 .. 0.0 0.0 i
'NO3 { 0.0 0.0 : 0.0 0.0 0.0 0.0 i 0.0 0.0 |
'Si02 ¢ 0.5 ! 0.5 ' ! 0.0 L 0.7 !
1 I . . . i
1 TDS 143129.4 43124 .6 7644 61279.0 T
‘e ! 8.0 7.0 5.5 7.2 ¢
: : St :
{Calculated concentrations are acowrate to  +/— 10% o !

' Raw wuater _ Feex) werter ' i Concentrate

CaS04 /Kspx 100, % 2.0 26,2 40.3
S804 /Kspx100, % 0.0 - 0.0 : o 0.0
BaSO4 /Kspx100, % 0.0 Q0.0 Lo 0.0
St02 sat, % 0.3 0.3 0.5
Langelier irwl. 1,33 o 0.25 0.70-
Stiff & Duvis ired. (.31 _ - =DT77 -0, 34
Iorice stremgth 0.89 ' 0.89 - 1.30
Oswotlic press. ,ps_i 493 .8 o 493 .7 T14.9. -
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By 2

HYRDAXAIITICS DFSTGEN PROCEAN — VFRSIN 4.50 (1993) 12—-17-913
e a Tt avash Wl sbdtatt S\ PR C A ) ;
PITDJQC.t w2z SAUDI ARABIAN SEAWATER MODEL #1 Permexte flow @ 10000 M3-D
Fewdwater temperature : 3.) ocC Recovery : 35.0% . o
Raw water pH : : . Elewment age : 0.0 vears
Acid dosage, ppw( 100%) 19 9 H2$0f4 © Fluax decline coefficient -0.035
Acidified feed CDZ.}:-;M _: 19.9 c. . 3vr salt passage increase factor 1.3
Feed pressure @ 58.3 kg/fom2 : Concemtrate pressure :  57.6 kg/om2
Pass . Feed Flow Cone:. Flow Beta Cone. Elewent Elewmenit Arvay
Total Vessel Total Vessel _ Press . Tyvpe No.
w3/ w3/h w3/t w3/h by fom2 = _
1 1191 .4 59 T74.4- . 3.8 1.03° 57.6 B0OGO-HSY-SWC1 1218  203x6
H §———Raw water-———.—-—-—l:‘eed water—:; Perweat e—— i —Corcerndrate——!
A L] L 1} ] 4
PIen b owe/boweq/L b we/l weq/L | we/l weqfl t wg/d i/t !
] L] " ] [y
{Ca 4 475.0 23.7 !} 475.0 23,7 ¢ 2.2 0.1 ! 7296 36.4 !
Mg ! 1555.0 126.0 V1S55.0 128,00 7.1 0.6 ! 2388.5 196.6 H
= ¥13284 .0 577.6 113284.0 577.6 Y 290.8. .12.6 120280.3. 881.8 ;
K 493,00 012,60 493,00 12,6 ! 13.5 0.3 ! 751.2 19.3 }
$NHA4 ! 0.0 0.0 H 0.0 0.0 H 0.0 0.0 ! 0.0 0.0 §
Ba - ! 0.0 . 0.0 { 6.0 0.0 ! 0.0 0.0 0.0 0.0 !
Sy Y. 0.0 00 & 00 0.0 ¢ 00 00 { 00 0.0 |
{03 4 0.5 0.0 ! 0.1 0.0 0.0 0.0 { .01 0.0
{HCO3 | 46,4 2.4 4 1225 2.0 { - 4.4 0.1 ¢ 186.2 3.1 !
1504 ! 3675.0 - T76.6 Y3694, (77.0 ! 18.5 0.4 } 5673.9 118.2 !
{Cl . 123500.0 662.9 123500.0 662.9 | 468.8 13.2 135901.4 1012.7 !
' .. 00 00 ! 0.0 0.0 ! 00 00 ! 00 00 !
(03 . & . 0.0 0.0 . = 0.0 0.0 ! 0.0 0.0 0.0 0.0 !
15102 ! 0.5 ' 0.5 ! 0.0 ! 0.8 v
1TDS 143129.4 431246 B0S5.3 65912.0 ':
fpH ! 8.0 7.0 5.6 7.2 !
) - (]
iCalenlated coucentrations are accourate to +/— 10%. H
Ruw water - Peed waler Concentrate
CiSO4/Kspx100,% . 26.0 . 26.2 44 .1
SrSO4 /Ksp=100,2% 0.0 0.0 0.0
BaSO«4 /Ksp=100,% - 0.0 0.0 0.0
5102 sat . g 0.3 0.3 0.5
Largelier ind.. 1.32 Q.25 0.79
Stiff & Davis o, 0.31 —0Q.77 ~, 25
Ioviie: strength 0.89 - 0.89 1.40
Oswotic press..,pst 493.8 493.7 F72.7
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w o CIDEAL RO PERFoRMNCE  Specificabin
%- %Zl— No 23 - T ch-cfl\.rw _qq.qgﬁ Fhun s'pooéPA

HYDRANAUTICS DESIGN Pnosn.m — VERSION 4.05 (1990%. 12-17-93

Calenlation was wade byv: J 1 C A
Pro et nawe : SAUDI ARABIAN SEAWATER MODEL #) Perweate flow : 10000 M3-D
Feedwater te-peratmre : T3%.0C - Recovery : 40.0%
Raw water pH : 8.00 - Elewernt age - 0.0 vears
Acid dosage; . rorow( 100?')*- 19.9 H2$Oﬁ Flux decline coefficient : -0.035
Ac 1rht‘1¢=-d fned C02 P i 19,9 _ I salt passage incremse factor :11.3°
Feed'pmsslwe' i 62.8 hg/fem2 S : Concentrate pressure :  62.3 ke fom2
Pass * Feed Flow Cone:. Flow Bt Conc . Elewent Elewent  Array
Total Vessel Total Vessel Press. Ty No.
w3 /b w3/ ‘w3 /h w3/h ke fewm2 C ' :
1 1042.5  S.1 625.5 3.1 1.02 62.3 SEAWATER RO28S 1218  203x6
H | —Raw water———! ——Fewed water——! ———Perwsm t e———! —Corwemt rate——:=
I i 13 = : =
¢ Ion P owe/) weq/l b wi/l weq/l wi/l owey/l ) w/l oweqfl
H : - . = - L . - : |“
1 Ca {475.0  23.7 P475.0  23.7 ! 1.2 0.1 790.9 0 39.4 H
M + 1555.0 128.0 $-1555.0 128.0 ! 3.9 0.3  2589.1° 213.1 ¢
! Na 113284.0 577.6 113284 .0 577.6 ! 159.5 6.9 122033.7 958.0 '
tR S V493,00 12.6 Vo493.0 - 12.6 H 7.4 0.2 8167 20.9 H
1 HA Voo 0.0 0.0 H 0.0 0.0 H 0.0 0.0 : 0.0 0.0 '
1Ba H 0.0 0.0 4 0.0 0.0 HE 0.0 0.0 : 3.0 0.0 H
!5y - 0.0 0.0 H 0.0 0.0 H 0.0 0.0 oo 0,0 0.0 H
$CO3 - v 0.5 Q.0 ! 0.1 - 0,0 H 0.0 0.9 ' Q.2 0.0 !
THCO3 b 146.,4 2.4 )V 122.5 2.0 ! 2.4 0.0 202,06 3.3 s
1504 P AGTS.0 76,6 V36945 77.0 H 10.1 0.2 Y E150.7 128.° !
iCl 12350000 G6G2.9 - 123500.0 6629} 237.1- 7.3 t38995.3 1°00.0 !
tF 4T 0.0 0.0 0.0 - 0.0 v 0.0 0.0 v 0.0 0.0 :
NO3 H 0.0 0.0 v, 0.0 N0 HE 0.0 .0 : 3.0 0.0 :
15102 0.5 H 0.5 : 0.0 : 0.8 v
N N Y _ '
HRLION $43129.4 43124.6 441 .6 71580.0 e
bpH 8.0 7.0 5.3 7.2 :
Walteubabend concentrations are sconrate Lo +/- 10% !
Raw water : Fewecd waler Concemlirate
CaS04 /Ksp=100,% - 26,0 ' - 26.2 48.5
SrS04 /Kspx100 % 0.0 0.0 0.0
BaS04 /Ksp=100 3% 0.0 0.0 0.0
5102 sat. 2 : 0.3 0.3 0.6
Largelier iwd. : 1.33 Q.25 0.90
Stiff & Davis vnrl 0.31 —0.77 ~0.14
Touic strengthc: 0.89 T 0.892 1.53
Osmotic press. ,psi 493.8 493.7 844 .4
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e 1DEAL Ro PRFORMme._'srtc}F:qg.;J
: J& *4 No‘ 24 e PQ‘)QJ\.':“- = “1‘7.60 %T:Lux 5D003Pd .

HYDRANAUTICS DESIGN PROGRAM — VERSION 4.05 (1990) . . .~ . 12-17-93 '

Calculation was wade bv: J I C A _ _ _ U .

Project tawe 1 SAUDI ARABIAN SEAWATER MODEL #1 .  Perweate flow : .- 10000 H3-D

Feedwater temperabn'e' o 35.0 C ._Rﬂc.-averv H . 40.0% - o T,

Raw water pH 800 . Elewent’ .sr-:e ' 0.0 vears ) .

Acid dosuge, powl 100%)- 19,9 H2$04 Flux decline coeff:c:ent -4').034 -

Acidified feed .COZ;ppw . 1 19, 9. . 3—vr salt pass.sqe lncr-erase fat.tor 1.3 -

Feed pressurw @ . 62.8 kg/ow2 N . Crmcentr.ate_mssm r 62,3 kg/ct-Z .

Pass - Feed Flow Conc. Flow Beta - Conc. - Elewment.  Eleweut a\mv
Totul Vessel Total - Vessel . Press.: '._-T\'p-e R \o s
wi/hh w3fh w3/h w3/t o hyfem2 S e

1 1062.5  :5.1  .625.5 R N | 1.02 - 62.3 SEAWATER RO#QS -1.218-' 203x6

! {—Raw water——— ——Feed Wﬂtar——-:———-Pmte—-——.—meentmte——i

} LR : i ' ' H 1t

flon b cwe/l owea/l Y wa/l o owea/i 1 wg/l weq/l 1w/l wea/d 3

} - H — ¢ — - et | e - —— :

‘Ca V475,00 23,7 47500 23,7 Y 1.9.-.-0.1. "t 790.4 _39.4 !}

! Mys {1555.0 128.0 ¢ 1555.0. 128.0 1...6.2. 0.5 1. 2587.5. 213,01

N 113284 .0 S77.6 413284 .0 577.6 I254.9 11,1 121970.0 955.2 i

K .} 493,00 12,6 P 493.0 12.6 { 11,8 - 0D.3 ! 813.8. . 20.9 !

i NHL 00 0.0 . 0.0 0.0 o 0.0 0.0 | 0.0 . 0.0 t

' Ba ¢! 0.0 0.0 4 0.0 . 0.0 RS 0.0 0.0 1. 00 00

tSr H 0.0 0.0: H 0.0 0.0 o 0.0. - 0,0 b 0.0, 0.0: H

1C0O3 i 0.5 o 0.0 H . 0.1 0.0 0.0 .. 00 1 - 0.2 0.0 RS

HOD3 | 1464 0 2.4 V122,59 2.0 4 3.8 0.1 Yoo200.7, 3.3 4

1504 13750 - 7660 1 G945 7.0 4 16,2, .0.3° 1.6146.7. 128.)2

rCl 123500.0  662.9 123500,0 66G2.9° . 411.0- 1146 136892.6.1007.1

H ! 0.0 0.0 - 0,0 0.0} . 0,0 0.0 Vo 0.0, 0.0 H

INO3 H 0.0 0.0 ' 0.0 0.0 ] 0.0 00 0.0 0.0 e

15102 0.5 H 0.5 ! 0.0 E H 0.8 4

& 3 .

1TDS: 143129.4 43124.6 706.0 71403.7 - H

$ bt ' 8.0 7.0 5.5 7.2 !

{Caleculated concentrations are accurate to  +/— 10% '

1 . 1

Raw water Fewd water - Concentr.ate_

CaS04 /Kspx100,% 26.0 26.2 48.5

SrS04 /Ksp=100,% 0.0 0.0 0.0

BaS04 /Kspa 100, % 0.0 - 0.0 0.0

Si02 =sat. .3 0.3 0.3 0.6

Langelier ived. 1.33 0,25 0,89

Stiff & Duvis ind. 0.31 -, 77 . =014

Ionic strenghh Q.69 . 0.89 1.53. .

Osmotic wvress. ,,psi 493.8 493.7 . B42.1
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TOEAL RO PERFORMANCE  SpeaFiayTion

> . o]y o .

é %"}’ N" 25— R‘QJQ:IJM = qq.S'OZ, T Ay FDOOQPA
HYDRANAUTICS DESIGN PROGRAM — VERSION 4.05 (1990) 12-17-93
Calculation was wade bv: J 1.C A .
Pro-yect rawe : SAUDI ARADIAN SEAWATER MODEL =1 Perweute flow - 10000 M2-D
Feeadwater tmstum . 35.0C Recov#rv : 40 .0
Raw water oH .3 8.00 Elewment, age : 0.0 veurs :

Acid dosage, ol 1‘)‘).‘4”!. 19.9 H2504 Flux decline coefficient, -0. 03
Acidified feed CO2,ppm 1 19.9 3—vr salt passage iucrease factor 1.3
Feend pressure - 62.8 kg/om2 _ _. . Concentrate pressore @ 62.3 kg/ow?2
Pass Fexexd Flow . Cone:. Flow _. Betx Coné. " Elewemt Elé‘uént . Array
Total Vessel Total Vessel Prwss. Ty Nes . :
w3/t w3/t w3/ w3/h kg /o2
1 1042.5 5.1 625.5 B I | 1.02 6G2.3  SEAWATER RO=0S 1218 203x6
! 4 —Rauw - water—— Lo ——Feend water—— | ——Perweate— ! —Concentrate—-|
L} i o ] LI 1 ]
CoTor b owe/)  weq/l - wg/) weq/l b wx/l oweq/l 4 wg/l oweq/l
] [ N ] ~ - ] [} 1
1Ca 4 475.0 . 23,7 475.0. .23.7 & 2.4 0.1 Y7901 39.4 '
My 1 15535,0 . 128.0 ! 1555.0 128.0 ¥ 7.8 0.6 1 258G6.5 212.9 H
$ New 13284 .0 577.6 13284 .0 . 577.6 v 318.5 13.8 121927.7 953 .4 t
K 4 493.0 . 12.6 4 493.0 12.6 H 14.8 0.4 i 8Bl11.8 20.8 4
INH4 L 0.0 0.0 .0. 0.0 H 0.0 0.0 e 0.0 0.0 H
i Ba 4 0.0 0.0 0.0. 0.0 3 0.0 0.0 H 0.0 0.0 H
15 H 0.0 - 0.0 b 0.0 0.0 HE 0.0 0 0.0 H 0.0 0.0 H
HC0O3 Voo 0% .. 0,0 V. 0.1 0.0 H 0.0 0.0 : 0.2 0.0 }
tHCO3 - § . 146G.4 2.4 1225 . 2.0 H 4.8 0.1 ! 201.0 3.3 !
1504 1-3675.0. 76,6 1 3694.5  77.0 1. 20.0 0.4 ! 6l44.0° 128.0 H
iClL 123300.0  662.9 123500.0. 662.9 i .513.5 14.5 . 138824.3 1095.2 !
' ¢! 0.0 0.0 i 00 00 { 0.0 00 0.0 0.0 !
N03. {. 0.0 0.0 ¢ 00 00 ¢ 0.0 0.0 0.0 0.0 !
1Si02 4 0.5 ' 0.5 ' 0.0 ' 0.8 :
! ! : : :
1TDS  143129.4 43124.6 862.0 712686.4 !
feH : 8.0 7.0 5.6 7.2 '
L] L)
{Calculated concentrations are acourate to  +/— 10X ¢
- A .mater Feed water Councentrate
s*soa/ttsp-wo. x 26.0 o 26.2 - ‘ 48.5
S5rl04 /Ksp=100, %, 0.0 - 0.0 : 0.0
BuSO4/Ksp=100,% 0.0 . 0.0 0.0
Si02 sat. % 0.3 0.3 0.6
Langed ier iwl. 1.33 0.25 0.69
Stiff & Davis 'n‘lfl 0.31 —0.77 —0.15
Ionic strengih 0.89 - 0D.89 1.53
Oswol.ic press, ;psi 493.8 493.7 840.5
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. 203x6

Flax s00 gpel

62.3 kgfom2

12-17-93
1218

-l
-

" Elewent,

0.0 vears

 Elenmemt,

- Tyvpe:

rﬁwmﬁﬁsfkﬁ

C

R'ej( (It'f\'\ - qq ' q.l;ﬁ :

62.3 ‘SEAWATER RO¥1S

Concemtrate mressure

Conc.

 IDEAL RO PERFORMANCE  SPECIFicAT ioN
Press..

Elewerit s

© o Flu decline coefiicient

Recovery

: J—yr salg'pa;sage-incpagse_chtar' .3

1.02

. Beta

n3/hl“'

VERSION 4.05 {1990)

LCA e
SAUDI.ARQQIAN'SEAWATER MNODEL 1
. Vessel
3.1

8,00

'19.9 H2S04

19.9
Flow

35.0C

g

=
e

Cone.

Total

625.5

hadd

62.6 kfom2

w3k

-
-

-

YERWEt
 Total Vessel
w3/h

HYDRANAUTICS DESIGN PROGRAM —
" Fesd Flow
1062.5

Calculation was wade by:

Pro et

Feadwater tewperature
Acid dosage, yem({ 100%)
Acigified feed CO2,tpm

Raw water pH :
Food pressure

Puass
1

AT e v me W we wE S W w Il.ll A e A S A b T e

4858000030200

wmﬂNOOOO3BMOO
.u29 .

:a@n

: | L o~
99590002762006 @M sOOGWWST,
95 00000 000 Pt~
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77122 .
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bt e L L el A L L T

1724000015900

0050000000500

'-éqzl

66220000337000 (ot

---------- R R A + n

26&6000052%000 QN

N3

A R g e L L L

"_-'-er/_i’f

LY 0
20032767

.....

60000403
4.

——QfPérieateF-——LFAJEﬁmmxmrétéw;é-
| fisfl

Fewad watex

70££ﬁﬁ0000900
H%WHOOOO2WWOO
-

-.«:‘,/1'

£000C0C~NC0ON

ﬁﬁ&BOOOOﬂ% 000
ﬁ524 . I%F
a N

43124 .6
7.0

3

3 un an as et v s e s s e e n PN
CoOMMMIOD

7066000046900 (00&1003

PSS N e
%%WIOOOO 6%00
15 o

Raw wuter

00£00005400005 3Q

4%240000“ MOOO Eﬁ
. : 3
; 4

e ek we we - - A P i

()

-s/r'f-aq/lj
Oswotic press.,psi 49

4 ——Raw it er i Feed water—
‘Mﬂl

Ion

Calrmlated concemtrautions are accurate to +/— 10%

s¥a.iak mmcpmq iz

,n -y .cv Y R EE R R A U TR S e M WE wE AR AR W R mA R

Stiff & BDavis irl.

CuS04 /Ksp=100 %
SrS04 fKsp=100,2%
BaSO4 fKsp=100,%
5102 sat. %

Langelier irel.

Tonic strer

BOOOO 19,
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TP Ll | | o J
E‘*"f' NeoT TOEAL RO PERFRMANCE PECIRIATID
Wamgl —— . Refection = 99.40%  TFluy Spoo aph

 HYDRANAUTICS DESIGN PROGRAM — VERSION 4.05 11990) 12-17-93
Cxlculation was wade bv: J T C A _ ) _
Project nawe @ SAHDI ARABIAN SEAWATER HODEL #1 Perweate flow @ 10000 M3-D
Fecdwat.er tewperature : 35.0 C Recovery : 40.0%
Raw water pH ) 8.00 | Elewent d({P T 0.0 vears
CAcid dosage, yom(100%): 19.9 HZSOI. Flux decline coefficient. : —0.035
Acidified feed CO2,pyme ;. 19 o 3—ve salt passage tnerease factor :1 '
F‘w.l_‘:pr%ssm 1 6G2.8 kigfewm2 e Concemirate pressure : G62.3 k;:;/cﬁZ _
Pass. Feex) Flow. Covic. Flow | Beta Conc. . Elewernt  Elewent Array
- Total Vessel Total - Vessel Press., Tyvew No.
w3/hh w3/h . w3/h w3/ kg fom?2 _ _
1 1042.5 5.1  625.5 . 3.1 . 1.02 . 2.3 SEAWATER RO2S 1218  203x6
i t—Raw water——————Feex) 'w.aterh———-#m-v—Pemate—.—i——Conc.entmte———-E
13 4 : & T 1 B \ H
P Tow b we/l oweq/l 4 wg/l oweqy/l wi/l oweq/ b we/l weqg/l !
[} . ] — 1 . 4 . 1 : :
{Ca 1 475.0 23,7 4 475.0 23,7 ! 2.9 0.1 } 789.8 39.4 |
$ Mg ¥ 1555.0 128.0 } 1555.0 128.0 i 9.4 . 0.8 ! 2585.4 212.8 !
Na 113284 .0 577.6 113284.0 577.6 $.382.0  16.6 121885.4 951.5 H
K P 493.0  12.6 493.0 12.6 i 17.7 0.5 !B09.9 20.8 :
i XH4 H 0.0 0.0 ' 0.0 0.0 ' 0.0 0.0 : 0.0 0.0 !
iBa ' 0.0 0.0 H 0.0 . 0.0 - 0.0 0.0 H 0.0 0.0 H
{5 H 0.0 0.0 . | 0.0 . 0.0 H 0.0 0.0 H 0.0 0.0 !
003 0.3, 0.0 H 0.1 Q.0 ! 0.0 0.0 : 0.2 0.0 H
tHCO3 ¢ 146.4 2.4 Yo122.5 0 2.0 ! 5.8 0.1 20004 3.3 !
1505 V367500 T6.6 V36945 77.0 H 24.3 0.5 ! 6G141.3 0 127.9 :
€L 123500.0 G662.9 §23500.0 662.9 ! 615.9 17.4 13875G.1 1093.3 !
2 0.0 0.0 H 0.0 . 0.0 H 0.0 0.0 H 0.0 0.0 H
INO3 { 0.0 0.0 ! 0.0 .. 6.0 | 0.0 0.0 H 0.0 0.0 !
18102 0.5 ' 0.3 - ! 0.0 ! 0.8 : H
3 A . b . ' 1
1TDS ~ 143129.4 . 43124.6 1057.8 71169.2 )
e 8.0 7.0 5.7 7.2 ‘
écaxc'umtw conecentrations are accurate to +/— 109 :
” : }
. . Raw water o Ferd wuter Concentrate
CaSO4 /Ksp* 100, 26.0 2G.2 408.5
SvS04 /Ksp=100,% 0.0 0.0 . 0.0
BaSO4 /Kspn100, % 0.0 0.0 0.0
S102 sat, X .. 0.3 0.3 0.6
Langelier inmd. 01,33 0.25 .89
Stiff & Duvis ivd. Q.31 -0.,77 -0.15
Toniive: strewgth 0.89 . D.89 1.52
- 493.7 a3s.9

Oswotic press. ,psi 493.8
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DE@ Nv 28' B | IvEAL Ro PEEFORMNCE srmf.m.
N o Repchion = 99953 Flus 5000 3rd

HYDRANAUTICS DESIGN Pmm ~ VERSION 4.05°(1990) ° % i 1224793
Calculation was wade by: J 1 C A et Pl . _
Project m-e' : SAUDI ARABIAN SEAWATER MODEL #1  Perweite flow i - 10000 M3-D .
Foodwater tempersiure : S 35.0C - Recovery @ C40.0% o :
Raw water pH : U 8.00 © Elewent age 7 0.0 vears o o
Acid dusage, prw(100Z): . 19.9 H2S04  Flux decline cosfficient : - -0.035
Acidif ted feed CO2,pxm ¢ 19.9° ' I-yr salt pussage increuse f.act'ar 2.3
Foed pressure : - 62.8 -kg/cuz SRR Comvemtrate préessare @ 62.3 kg/ow?
Pass  Feed Flow’ Conc. Flow —~ Beta  Couc. = Elewstit - . Elewent - a\r-r.;v
Total Vessel Totsl Vessel - - Press. " Tvps & . \o. T
w3/ w3/h w3/h wish kg /om2 o '
1 101;2.5 5.1 625.5 3.1 1.02 ' 62.3 SEAWATER RO#4S 1218 203‘(6
! 5——&‘.:\-? ther———.——-F‘aed water*—.——?erw;te—-—.—&mcmutr&te——-'
1 4 1 L] [N )
P lon 0w/l wexqy/) Cwg/l weq/l 'f,  wg /) wey /1 /) ‘m,,n !
H s - . — 5 n .u . " - v - T -~ :
‘Ca -1 475.0  23.7 ! 475.0. 23.7 1 3.1 0.2 i 789.6 .39.4 !
P Mg i 1555.0 128.0 i 1555.0 128.0 1 10.1 0.8 1-25684.9 212.7 H
Nt $13284.0 577.6  113286.0 S577.6 . 4 413.7 18.0 . 121864.2 950.6 !
'K P 493.0 12.6 i 493.0 12.6 P 19.2 0 0.3 ! A08.9 - 20.7 i
t NHG 4 0.0 - 0.0 ' 0.0 0.0 i 0.0~ 0.0 00 0.0
Ba H 0.0 0.0 : 0.0 0.0 H 0.0 0.0 0,0 0.0 :
S i 0.0 0.0 ¢ 0.0 0.0 1 0.0 0.0 H 0.0 0.0 i
+HC03 : 0.5 0.0 H 0.1 0.0 ! 0.0 0.0 1 0.2 0.0 I
‘HCO3 ' 146.4 2.4 ! 1225 2.0 { 6.2 ~ 0.1 i 200.1 3.3
1504 1 3675.0 76.6 136945 77.0. V2.3 0.5 i G139.9 127.9 e
iCl 123500.0 662.9 123500.0 662.9 | 667.0 16.8 138722.0 1092.3 H
: : 0.0 0.0 ! 0.0 0.0 ! 0.0 0.0. i 0.0 0.0 .
{INO3 0.0 0.0 ! 'o.o 0.0 ¥ 0.0 0.0 V. 0.0 0.0 i
18102 ¢ 0.5 0.5 fo 0.0 0.8 i
'TDS  143129.4 43126.6 1145.7 71110.6
e : 8.0 7.0 5.7 7.2 N
' . !
tCalculated concentrations are acourste to  +/- 10% !
Raw water . Feed water Concentrate
CaS04/Ksp=100,% 26.0 26.2 48.5
STS504 /Kspx100,% 0.0 0.0 0.0
BaSO4 /Kspx 100, % 0.0 0.0 0.0
5102 sat | % 0.3 0.3 0.6
Largeel ienr dved. 1.33 '0.25 0.88
SLift & Davis ired. .31 ~0.77 ~0.15
Iomic stremgth 0.89 1 0.89 1.52
Oswotic press. ,psi 493.8 493 .7 838.2
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HYDRANAUTICS DESIGN PROGRAY -

Calrmlatibn was: wade bv:

Pro Vet TEawsy SAUDI ARABIA.\ SE‘AN\TER HODEL #1

F‘eedwater ten}:-er-ature H
Feiw water pH

Acid dosage, prwm{ 100%)
Acidified f#ed COZ,ppn e

Feevd pressure 62.6 k.g_.-/an

Pass F‘e-ed Flow  Come. F‘low
Totul Vessel Total .
wish w3/h w3/h .

1042.5 5.1 625, S

-

19 o stoc. '

IPEAL RO PERFORMANCE SPECIF VAT oM
Repcliom = 99.30%  Flux 50eo 4pd

\‘ERSIO.\ 4.05 ¢19‘30) 12-17-93

Perweute flow : 10000 H3-D

Recovery @ 40.0%,

Elewemt age 0.0 vears
Flux decline coefficient : —0.
3—~vr salt passage incrwiase factor :l

035
3

Concentrate pressure ; 6G2.3 kg/owm2

Conc. Elewent. Elewent Arvay

Press. . Ty No ..

ks fom
G2.3 SEAWATER RO#3S 1218  203x6

! !-—-——-—R.aw wat#r-——-.—F'eed water— ! ——Perweut.e—— i —Concentrate——!
i ] 13 L] A 1
! Ion i 'ws/l I'aeqll E i wes /1l owey/) i we/l weq/l =.
1Ca v 4T75.0 23.7 H 0 H 3.3 0.2 ¢ 789.4 39.4 H
e 1 1555.0 - 128.0 ' .0 . 5 10.9 0.9 {2584 .4 212.7 :
Na 113284.0 577.6 H 0 . Y 445.4  19.4 1216843.1 99,7 H
K { 493.0  -12.6 t .0 . H 20.6 0.5 i 807.9 20.7 '
I NHG 0.0 0.0 H .0 0.0 H 0.0 0.0 H 0.0 Q.0 H
| B i 0.0 0.0 H 0 0.0 i 0.0 0.0 4 0.0 0.0 H
iSr : 0.0 0.0 ' .0 0.0 § 0.0 0.0 4 0.0 0.0 1
CD3 i 0.5 0.0 tH 1. 0.0 $ 0.0 0.0 H 0.2 0.0 H
HCO3 & 146.4 2.4 ' .5 2.0 ¥ 6.7 0.1 Y 199.8 3.3 H
TS0% ¥ 3675.0 76.6 i .5 77.0 4 8.4 0.6 { 6138.6 127.9 :
L) 123500.0 G62.9 H .0 662.9 i 718.2 20.3 $36687.9 1091.3 i
H o 0.0 0.0 H 0.0 0.0 ' 0.0 .. 0.0 ' 0.0 0,0 H
tNO3 H 0.0 0.0 : 0.0 . 0.0 ' 0.0 0.0 + 0.0 0.0 4
15102 f 0.5 o '2 0.5 H 0.0 ' 0.8 H
A 4
TS 143129 .4 I CY 1233.5 71052.0 H
ipH 4 8.0 7.0 3.7 7.2 i
tCaleulaterd concentrations arw accurate to  +/— 102 H
4 1
Raw watenr Feedd water Concentrate
CxSOG/Kspx100,% - 26.0 2G.2 H48.5
SrS04 MKsp=100,% . 0.0 0.0 0.0
R:\SOMIK*;‘FW‘OO.?L_ 0.0 0.0 0.0
Si02 sat ., _ 0.3 0.3 0.6
Fangel ier ind. : 1.33 0.25 . 0.88
Stiff & Davis ired. 0.31 =0.77 ~0.15
Tonic strevgth .89 0.89 1.52
' 493.7 837 .4

Oswmolic press.,psi 493.8
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HYDRANAUTICS DESIGN PROGRAM ~
C.alcni A.:on was mde by

Pro 'w-:t THAWE

1 CA

\'E!EION 4. 0..1 1‘19‘90!

s SAUDE ARA.BIAN SEMJ:\TE! ~i()l')E:I.. #1

Ive&L RO PERFOMM& SPECIFICAT) 01
R*?)“t“"‘" M.275  Flux 5—0003[)5

12—17-95 .

Pmte flow : 10000 M3-D.

Feedwater te-nerature .. :35.0 C. - Rescovery '.-' ‘ 40, O?
Raw water pH e BU00 Elewent age : 0.0 vedars -
Acid dosage,  prwm{ 100%)* 199 HZSO& ~Flux decline coeffu.:ent ¥ 035
Acvidified feod COZ pom 19.9 I—Tr salt p_us'scme increase fact.or :1.3
F‘ead pressm'e T 62, 8 kg/cuZ : Gcmcent.r-ate ;mssm : 62 3 kg?cnz
Puass Feend Flow Gonc_. F‘low Beta _Conc,. "El en-ent, Elenent Arrav-
Total Vessel Total Vesseal - Press. T\'tre No.
n3,."h w3 w3/t w3/t 7 Iu{/cut2 R
1 1042.3 S 625.5 31 1.02 62 3 SEAWATER RO¥SS 1218 203x6
H S Raw wat#r—-—-——.—-—-——Faed mter—-—i—?mte-h—.-—i—&ncﬁ:trath_t
4 s ) l [ JE : ; [ . E [}
! Tore ! wk/l oweqg/l ! ug,l}. Cwep/l 4 wm/l weqf/l O wg/l weq/l
4 i . ! ' e §—— —
$Ca b 475.0 23,7 t475.0 0 23,7 R I -1 0.2 v 789.3 . 39.4
§ Mer ! 1555.0 '128.0 t 1555.0 '128.0 Lo011.7- 1.0 b 2583.9 2127 !
N i13284.0-°577.6 113284.0 577.6 Y477.17 20,7 121822.0 98.8 1y
K P493.0 12,6 Y 4930 12,6 v 22,1 0.6 i 806.9 - 20.9 s
{ NH4 $ 0.0 Q.0 : 0.0 0.0 i 0.0 0.0 0.0 - 0.0 !
1Ba ! 0.0 - 0.0 Voo 0.0 0.0 s 0.0 0.0 H 0.0 0.0 H
! Sr § 0.0 . 0.0 N 0.0 0.0 0.0 0.0 Y000 0.0 !
1003 ' 0.5 . 0.0 | 0.1 - 0.0 Y00 0 0.0 oo 0.2 0.0 0 b
HCO3 ¢ 1464 - 2.4 i-122.5 2.0 v 7.2 0.1 { 199.5 3.3 !
} S04 P 3675.0 76,6 4 3694.5 77.0 1 - 30.4 0.6 ! 6137.2 127.9 ¢
+C} 123500.0 . 662.9 123300.0 662.9 Y 769.3 21,7 138653.8 1090.4 N
iF i 0.0 0.0 Y00 0 0.0 e G.0 0.0 V00 0 0.0 4
1NO3 ¢ 0.0 - 0.0 4 0.0 0.0 ! 0.0 . 0.0 0.0 0 0.0
15102 | 0.5 4 0.3 ' 0.0 - o “0.8 i H
3 1 . 4
TDS 143129.4 43124 .6 1321.3 70993.5 .
ot : 8.0 7.0 5.8 7.2 )
l . L - i\
{Calomlated concerdrations are scoirate Lo +/= 10% H
4 )
Raw water er-‘ed wint er- Concentrate
CaS04 /Kspx 100, 5 26.0 26,2 48.5
S5vS504 /Kspa 00,2 0.0 0.0 0.0
Ba504 /Kspr100,% 0.0 0.0 0.0
"5i102 sat., .3 0.3 0.3 0.6
Langelier i, 1.33 0.25 $0.88
Stiff & Davis ird. 0.31 —0.77 - ~0.15
Tonic strenmgth 0.89 - 0.89 1.52
Oswotic press. ,psi 493.8 H493.7 836.6
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IDEAL RO PERFORMANCE SPECIFICATIO

B8 N3l et
2] 0 | Reyeeliom =49.20 £ Fluwx 5000 g

HYDRANAHTICS DESIGN PROGRAN — VERSION 4.05 (1990) _ 12-17-93
C-:lcul.stlon was wade by: I I CA _ :
Proiect nawe : SAUDI mamm SEAWATER NODEL #1  Perweate flow 10000 ¥3-D
Feedwater tewperuture : 35.0C Recovery : 40.,0% '
R wuter pH : : .8.00 Eleweanl age : 0.0 vears '
A A dosuge, tl;nuHOO?\' 19.9 H2S04 - Flux decliune coefficient : . -0.035 .
Acidified feod CO2,pqem ¢ 19.9 3—vr salt passage increase factor 1.3
Feed pressurf- H 62 7] lu:glcn2 ‘ Concentirate fmrsssun:- 1 62.3 kg/om2
Pass Fesed Flo\. " Cone. Flow Beta Come:. Element. Elewerii, .\rra\-

Total Vessel Total Vessel Press. Tvpe No .

w3/h w3/h w3/h w3/h : g frm2
1 1042.5 5.1 625.5 3.1 1.02  62.3 SEAWATEK RO%6S 1218  203x6
} §—Raw water . E —Feed watenr—i Pwr-agtp—————.-——crmc.ﬁﬂrsts——.
¥ H L . LI H H H
! Ton wr/l oweg /) ' w/l wmeqg/l E wi/l weg /1 me /L weqy/l H
L] [ - - ; L} 5 [ )
iCa . - ! 475.0 © 23.7 ! 475.0 23,7 !} 3.8 0.2 ¢+ 789.1 39.4 !
M 1 1553.0° 128.0 ¢! 1555.0 128.0 3 12.5 1.0 i 2583.3 212.6 :
‘Na 113284 .0 577.6 . 113284.0 577.G $ 208.7 22.1 121800.8 947.9 :
K- P 493.0 12.6 ! 493.0 12.6 ; 23.5 0.6 tB0G.O 20.7 H
1 XNH4 0.0 s 0.0 H 0.0 0.0 : 0.0 0.0 ' 0.0 0.0 !
tBa ! 0.0 0.0 4 0.0 0.0 ' 0.0 0.0 § 0.0 0.0 :
HY o H 0.0 0.0 1 0.0 0.0 ' 0.0 0.0 ' 0.0 0.0 :
f 3 4 0.5 0.0 ! .1 0.0 ! 0.0 0.0 ! 0.2 0.0 !
a3 1 1464 2.4 Po122.5 2.0 Y 0.1 v 19901 3.3 '
1504 Y 3675.0 0 76.6 ! 3694.5 77.0 - 1 32.4 0.7 { 6135.9 127.8 H
1Cl $23500.0. 662.9 $23500.0  662.9 . 1 820.3 23.1 i38G19.8 1089.4 :
‘F v 0.0 0.0 ' 0.0 0.0 v 0.0 0.0 H 0.0 0.0 H
1NO3 ' 0.0 0.0 H 0.0 . . 0.0 ' 0.0 0.0 H 0.0 0.0 :
18102 ! 0.5 : 4 0.5 H 0.0 ' 0.8 H
X - L} i
$TDS 143129.4 43124 .6 1409.0 70935.0 :
pH 1 8.0 7.0 5.8 7.2 :
i . )
iCxloiluted concentrations are ascomate Lo +/- 10% H
4 1

_ " Raw water Feend water Concentrute
CaSO4 /Ksp=100,% .~ 26.0 _ 26.2 . 4B.S
SrS50e /Ksp=100, % 0.0 : 0.0 : 0.0
BaSO04 /Ksp=100,2 0.0 0.0 ' 0.0
Si02 sat. % - . 0.3 0.3 0.6
Langelier jvd. 1.33 0.25 0.
SLiff & Davis irnd. 0.31 -0.77 ~0.15
Tr ‘¢ strencih . 0.89 0.89 1.52
0. e press. ,psi 493.8 493.7 833.8
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HYDRANAUTICS DESIGN PROGRAM — VERSION 4.05 (1990) 12-17-93
Calcwlation was wade byv: J [ C A o .
Project weawe : SAUDI ARABIAN SEAWATER HODEL #1 Perwaate flow : 10000 M3-D
Feadwater tewperature : 35.0 C Recovery : 40 . 0% _
Raw water pH : 8.00 - Elewent age 3 0.0 vears :
Acid dosage, pow{ 100%): 19.9 H2504 Flux decline coefficient : —0.035
Actdified feed COZ.ppm 1 19.9 K 3-vr salt passage increase factor :1.3
Fevwd pressure @ 62.8 kyg/fom2 Concemtrate pressure 1 62.3 kg/ew?
Pass Fewd Flow Cone. Flow Beto Cone. Elewent. Elemerd. Arﬁay

Total Vessel Total  Vessel Press. - Tyvpe No.

wifte  w3/h w3/t w3/h ke fem2 -
1 1042.5 5.1 G25.5 3.1 1.02 G2.3 SEAWATER RO=7S 1218 203x6
' P——faw water———1 Feed water—: Pemate———mt—Conc&rttwate———~E
] L] . Lo . ) ] [] . : H
{ Tonn wz/l  weqpdi H wiz/l weq) /) wr/l oweq /)l w /1l wexy/d H
4 v [ - i ) — :
$Ca Y 475.0 23,7 Y 475.0 23,7 Y 4.8 0.2 ! 788.5 39.3 !
! M { 1555.0 128.0 ! 1555.0 128.0 H 15.6 1.3 V2581.2 212.4 !
¥ N £13284.0 577.6 113284.0 577.6 { &€35.2 27.6¢ 121716.5 944.2 ;
K Y 493.0 12.6 493.0 12.6 } 29.4 0.8 ! anz2.1 20.6 :
tNHG ! 0.0 0.0 : 0.0 0.0 ' 0.0 . 0.0 H 0.0 0.0 H
! Ba ! 0.0 0.0 : 0.0 0.0 H 0.0 0.0 H 0.0 0.0 '
'S H 0.0 0.0 H 0.0 0.0 ! 0.0 0.0 ¢ 0.0 0.0 !
103 ! 0.5 0.0 t 0.1 0.0 ' 0.0 - 0.0 $ 0.r 0.0 H
IHCO3 ¢ 14G.4 2.4 ¢ 122.5 2.0 ! 9.5 0.2 v 197.9 - 3.2 !
1504 Vo O36G75.0 76.6 V3G94.5 ¥7.0 H 40.5 0.8 ! 6130.5 127.7 ;
‘C1 123500.0 662.9 {23500.0 662.9 t 102643 . 28.9 138483 .8 1085.6 !
} ! 0.0 Q.0 ! 0.0 0.0 ! 0.0 0.0 ' 0.0 0.0 !
iNO3 H 0.0 0.0 H . 0.0 0.0 H 0.0 0.0 H 0.0 0.0 H
15102 0.5 3 0.5 H ¢.0 : 0.8 !
A L 4
{TDS  143129.4 431246 1759.4 70701 .6 :
tpH 8.0 7.0 5.9 7.2 '
4 4
{Calculated evucentrations are accurate Lo +/- 10% !
1 v

Raw water Feed water Concentrate

CaS04 /Ksp=100,3 2G.0 26.2 . 48 .6
STS04 fKspx100,% 0.0 0.0 0.0
BaSO4 /Kspx100,% 0.0 0.0 0.0
5102 sat., X 0.3 0.3 0.6
Langgelier i, 1.33 0.25 0.87
Stiff & Davis ind. 0.31 0,77 0.1
Tonie strength 0.89 0.89 1.5}
Osmotic oress, ,psi 493.8 493.7 832.7
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' H\'DRA\‘.\UTICS DESIGN PROGRAM — VERSION 4.05 (1990) _ 01-07-93
. C.g].(‘u].df ion was wade by: J I C A '
P&"bmt wawe : SAUDI ARABIAN SEp\h_ATER ﬂODEL #1 " Perwesate flow : 10000 3D
Fewdwater tewperature : . 35.0 [V  Recoverv : 40.0%
Taw water pH - 8,00 7 Eleweut age 0.0 vears
Acid dosage, ppw 100%): 19.9 H2504 Flux decline coefficient. : - ). 035
Acldlfwd feed CO2,ppm : 19.9 "3y sall pussage increase f‘ador 11.3
Fevind pressure : 65'.1 kg fom2 Coneemitrate pressore @ G4.5 kgfom2
Puss  Feerd Flow " Cout:. Flow =~ Beta - Conc. Elewernd. Elewent Array
: Totzl Vessel Total Vessel Press . Tvpee N, '
w3/kk w3/h wi/h w3/ ke /cwl T
1’ 1042.5 5.1 625.9 3.1 1.03 ° 64.5 SEAWATER RO12S 1218 203x6
{ {——Raw water———i— Feed wuléer——i—Permente—— ! —Concentrate—}
H ' - ' ' ! : !
flen b wg/l o weq/l wer/l oweqg/L wei /L weqg/l ) wer /L wexyf 1 4
4 A . 4 . - . [} : :
iCa, Y 475.0 C 23.7 i475.0 23.7 ! 1.9 0.1 1 790.4 39.4 -
] 4 1555.0 128.0 ! 1555.0 '128.0 H 6.1 0.5 P2587.60 213.0 !
iNa 113284.0 577.¢ #'_13284 0O 577.6 v 251.0  10.9 121972.7 955.3 H
‘K F4A93.0 0 12.6 1 4930 12.6 ; 11.4 0.3 - 813.9 20.9 v
4 NHG tH 0.0 0.0 3 0.0 0.0 ' 0.0 0.0 ¢ 0.0 0.0 H
1Ba ! 0.0 0.0 N 0.0 0.0 b 0.0 0.0 H 0.0 Q.0 !
'Sy (¢ 0.0 0.0 ! 0.0 0.0 ¢ 0.0 0.0 0.0 0.0 !
C0O3 ki 0.5 0.0 H 0.1 0.0 H 0.0 0.0 i 0.2 0.0 !
THCO3 L 1464 2.4 y122.5 2.0 ; 3.8 0.1 ¢ 2017 3.3 H
1S4 . ) 3675.00 76.6 ) 3694.5  77.0 ! 15.9 0.3 ! 6146.9 128.1 !
WCL 0 123500.0 662.9 123500.0 G629 LR Y N 1l.4 138B89G.9 1097 .2 H
iF H 0.0 0.0 H 0.0 0.0 H 0.0 0.0 ! 0.0 0.0 H
tNO3 ! 0.0 Q.0 H 0.0 0.0 : 0.0 0.0 H 2.0 0.0 H
15102 0.5 ! 0.5 H 0.0 : 0.8 H
& 1] - :
VTS 143129.4 43124.6 95.0 71411.1 :
fpH 8.0 7.0 5.5 7.2 :
i - - . ]
Calenlated Hmrwntrai ious are scowrate Lo +/— 10X H
_ Raw waten g Feed wuter : Concentrate
CaSO4 /Ksp=100,% 26.0 ©26.2 48.5
SrSO4 /Ksp= 100, 0.0 0.0 .0
BaSO4 /Kspx100,% - 0.0 0.0 0.0
Si02 sat. X% 0.3 0.3 0.6
Langelier iml. 1.323 0.25 0.89
Stiff & Davis ived, 0. -0.77 -0.14
Tonic styength 0.89 0.89 1.53
ssmotic press. ,pst 493.8 493.7 8462.2
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HYDRANAUTICS DESIGN PROGRAM — VERSION 4.05 (1990} . 010793
Calcul.stum was wade by: -F 1CA B IR
Pro et rawe @ SAUDL ARABTAN. SE‘.:\iv‘ATER ﬂODEL #} '. Perwesate flow o g 10000 H3-D
Frodwater tempersiue @ 35.0C. _R-soraven' 1 : 40.0%. . -
Raw water pH * .. 800 7 Elewerd age 2. - 0.0 vears R
Acid dosage,; powml 100Z): 19.9 H2SO¢ L Flux derlum r*(mffu.xmn* 3 Y -0.035
Acidified Tewl CO2,ppm :  19.9 _ . 3-vr salt pussage uccrease faclor 1.3
Faed pressure 3 63.'8_ g fem2 e : Conr.,\entrate pl_wassv._lre H .63_.3_kg/c|_-2
Puss ~ Feed Flow -  Cong. Flow = Beta . Conc...  Elewent Elewent.  Array
Total Vessel Total Vessel Press. . Tvpe : \‘o. )
w3/t w3/h w3/t wifte kg fom2 L o
1 _10&2.5, ST R 625.5 ..o03.1 0 1,03 63.3 SEAWATER RO10S 1218 . 203~:6 _
4 .--——-R.=tw mterh-——-—-——.-——Feed mtw——i—ﬁ—Perwstef—f——‘—COtw-erntmte-m.
) H ' H : ! , H
fTone A we /L mgll H wg/l weqg /) wg /1 weqy/l we/l weqp/t
: : : — ! ! , 1
G L 4T75.0 23.7 Vo450 23.7 H 2.1 . 0.} }..790.2 . 39.4 Ly
' Mg 1 1555.0 . 128.0 ! 1555.0 128.0 ! 7.0. 0.6 . 1.2587.0 212.9 |
i Na 113284 .0 S577.6 . 11332B4.0 577.6 V284 .60 12.4 121950.2 954 .4 1
K i 493.0. 12.6 { 493.0 12.6 H 13.2 © 0.3 -t 812.9 . 20.8 '}
INHG ) 0.0 0.0 ¢ 0.0 0.0 ¢ 0.0 0.0 ¢ 0.0 0.0 ..}
tBa : 0.0 0.0 : . 0.0 0.0 He 0.0 0.0 . 0.0 0.0 '
1Sr i 0.0 0.0 ' 0.0 0.0 H 0.0 0.0 ¢ 0.0 0.0 H
1CO3 H 0.5 0.0 H 0.1 0.0 H 0.0 0.0 | 0.2 0.0 H
HCO3 -t 1464 2.4 ¥ 122.5 2.0 H 4.3 . 0.1 v 2004 . 3.3 LI
1SO4 . 1-3675.0. 76.6 i 3694.5 . 77.0 ! 18,1 0.4 i 6145.4 128.0 i
iCL 123500.0 662.9 123500.0 66L2.9 T 458.9 . 12.9 138860 .7 1006, 2 4
H H 0.0 0.0 ' 0.0 Q.0 e 0.0 0,0 4. 0.0 0.0 H
1803 H 0.0 0.0 H Q.0 0.0 v 0.0 0.0 ' 0.0 0.0 H
15102 ¢ 0.5 H 0.5 H 0.0 : H 0.8 H
H H ‘ '
1TDS 1431294 43124 .6 768,73 71348.9 _!'
ToH H 8.0 7.0 5.5 7.2 .
5Caa}.c:u)-.aat.ed c:bncentrations are goourate to /- 10% ;
] g
Rauw water . Feed waler . Concerdrate
CaS04 /Ksp= 100, % 26.0 26.2 48.5
SvS504 /spx100 % 0.0 0.0 0.9
BaSO4 fKspx 100, 3% 0.0 0.0 0.0
S$i0D2 sat. ¥ 0.3 0.3 0.6
Langelier irnd. 1.33 0.25 0,89
Stiff & Duvis ind. 0.31 -, 77 =0.14
Ionic strength 0.89 0.89 - 1.53
Oswotic press. ,psi 493.8 7T 6841.3
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Rejectimn = 94,507  Flux 55009 pA

HYDRANAUTICS DESIGN PROGRAM — VERSION 4.05 (1990) ‘ ' 01-07-93
Calenlation was wade byv: J 1 CA _ .
PI’TJ 1#.4.* name : SAUDI ARABIA.:\' SE\hATE:R NODEL #1 = Perwwate flow : 10000 3D
Predwiter tm-er:afm : . 350C - Recovery @ 40.0% -
Raw water pH @ - 8.00 Flewent. age @ 0.0 vears :
Cetd dosage, ppu( 100?\- 19.9 H2504 Flux decline coefficient o —{, 0535
Acidified fewd COZ,ppow : 19.2 _ 3—r salt passagse incraase factor 1.3
Pesexd j;nressvm 1 62.0 kyfem2 : L Concentrate pressure 1 G145 kgloud
Pass Fewrd Flow Cone. Tlow - . Bata Tl et Elenent  Arvay
“Total Vessel Total Vessel 55 . Tpes Nos.
Cadfh o Tw3fh 0 w3 b w3ih ' v o
0 1042.5: 5.1 625.5 R I SR g ¢ Gl.4  SEAWATERRO #9S 1218 203x%6
! : Riaw walar P ——Ferar) watex ' Perweate——! —Concentrate—
3 ! : : ' v : . '
PoTone . wmg/l  oweq/d ! ws/l weq/l wg/l weg/l s/l oweqy/l1 !
4 . [} - 13 4 L]
tca 1 475.0 23,7 0 Y 475.0  23.7 ! 2.6 0.1 ! 789.9 39.4 I
P M 115550 128.0 ! 1555.0 128.0 § 8.6 0.7 ! 2585.9 212.8 !
he 112284.0 S577.6 0 .113285.0 3577.6 1 352.4 15.3 P21905.0  952.4 !
K Sy 4930 12.6 + 493.0 12.6 : 16.3 0.4 t 810.8 20.8 H
INHG ) 00 0.0 0.0 0.0 0.0 0.0 } 0.0 0.0 !
tBx - 0.0 0.0 i 0.0 0.0 ! 0.0 0.0 : 0.0 0.0
‘Sr g 0.0 0.0 } 0.0 0.0 : 0.0 .0 3 0.0 0.0 !
1CO3 M 0.5 0.0 H - 0.1 0.0 . | 0.0 0.0 : 0.2 0.0 H
HCO3 . 31464 2.4 Vo 122.% . 2.0 H 5.2 0.1 PO200.7 3.3 t
iS04 0t 36TS5.0 0 6.6 Y 36945 7.0 4 22 .4 0.5 ! Gl42.6 128.0 !
iCL - 123500.0 G62.9 123500.0 &62.9 !568.3 16.0 138787.8 1094.2 :
H H 0.0 0.0 H 0.0 0.0 H 0.0 0.0 H 0.0 0.0 e
NO3 H 0.0 0.0 } 0.0 0.0 i 0.0 0.0 5 0.0 0.0 L
18102 0.3 ! 0.5 ! 0.0 ! 0.8 !
i ) [
YIDS 143129.4 43124 .6 976.0 71223.7 !
YpH ' B.0 7.0 5.6 7.2 '
! . . : !
Calolated concentrations are acomate to +/— 10% '
4 L}
Raw water Feved watenr Concenitrate
c=sm;K3pa160.?; . 26.0 26.2 48.5
Sr504 Kspx100, 3 0.0 0.0 0.0
BauS04 Kspx100, ? 0.0 0.0 0.0
$1i02 sat. X% 0.3 0.3 0.6
Langelier ived. 1.33 Q.25 0.89
SLiftf & Dauvis ind. 0.3 —0.77 -0.15
fonic stremgth 0.89 - 0.89 1.52
Jswotic press. ,psl 493.8 493.7 839.7



B 36

Rejecdiom = ‘ﬁ.&oj.'/_._'__f Flux 6000 gpd

HYDRANAUTICS DESIGN PROGRAM — VERSION 4.05 (1990) - ') —07
Calewlation was wade bv: J [ C A i | e SAmeTes
Project tame : SAUDL ARABIAN SEAWATER MODEL #1 peméate _fmw + 10000 M3-D
Fewdwater tewperature : 35.0 C ' Recaverv 60.0% .
Ruw water pH : 8.00 Elewerd. .sr-:e : 0.0 vears .
Acid dosuge, owm{ 10O 19.9 H2504 - Flwx desline coefficient - . - —0.,035
Acidified fe-ed 002,1:@- - 19.9 3—vr~ s.alf mss—aqﬁ- tncr\f.-r-:se f-:c.ior 1.3
Fewd pressure :61'..3 hy fem2 o ' ('.ht_'w:v?ntr.ate p:ws'sm' '_ . '60,7 kgl/r_-;.'z'
Puss Feed Flow Cone:. Flow . Beta Cortee: Elewert - Elewent Ax Ty
Totxul Vessel Total ~ Vessel . Press. _ Type : Nos
w3/ w3/h - w3/t w3/h Lo kgfom2 7 S ‘
1 10‘!2--.1 5.1 625.5 - 3.1 -1.02 60.7 SEAWATERRO ..-85 1218 .20.’3:»46

— Raw witer———— ——Feexd water-m—-.-——Pmtc-—————- -——Conc.w:-ntr.at.e—-—m—.

A aa ma

iCaloulated concentrations are acomrate Lo +/— 103
] -

H : : H '
o | w/l weqp/1 wer /1 n'eq,ll E wg sl wexy/L E we /Y wmexy/l f
H 4 - ' ] - [
1Ca P 475.0 0 23.7 -t 475.0 23.7: o290 0.1t - 789.7 D4
Mg t1555.0 128,00 4 1555.0 128.0 | 9.5 - .0.8 i 2585.4 0 212.8 1
P Na 4103284 ,0° STT.6 4132840 ST7T7.6 . 1 3B6.5 . 16.8 . 121882.4 951 .4 |
'K £ 4693.0° 12.6 ) 493.0 12.6 - 17.9 0.5 % 809.7.  20.8 '
i NHs ¢ 0.0 0.0 1 0.0 0.0 i 0.0 0.0 | 0.0 7 0.0 H
!Ba $ 0.0 0.0 : 0.0 Q.0+ . 0.0 H.0 b 0.0 0.0 !
1Sr H 0.0 0.0 H 0.0 0.0 H 0.0 0.0 |4 0.0 0.0 !
O3 ' 0.5 0.0 H 0.1 0.0 i 0.0 0.0 ! 0.2 0.0 v
THCD3 - 4 146.4 2.4 % 122.5 2.0 ' 5,8 0.1V 200.4 3.3 4
1504 ! 3675.0 76.6 P 3694.5 77.0 b 2.6 - 0.5 P 6Gl41 ) 127.9 000
ICL - 1235%00.0 6G2.9 $123500.0 662.9 1 623.1 17.6 138751.2 1093.1° ¢
: ! 0.0 0.0 ' 0.0 0.0 0.0 0.0 e 0.0 Q.0 e
1NO3 & 0.0 0.0 H 0.0 0.0 H 0.0 0.0 g 0.0 0.0 S
15102 ¢ 0.5 : ! 0.5 ! 0.0 ' o4 0.8 ' v
13 . 4 . - - 5 . N
+TDS 143129.4 43124 .6 1070.3 71160.9 !
toH t 8.0 7.0 5.7 7.2 .
A . - ]
; :
H

Raw water Fewed water . Concentrate
CaSO4 /Kspx100 ., % 26.0 : : 26.2 48.5
STS04 Ksp=100, 3 0.0 0.0 0.0
BaSO4 /Ksp=100, % 0.0 0.0 0.0
S102 sat..% 0.3 0.3 0.6
Langelier ind, 1.33 0.25 0.89
Stift B Davis irnd. 0.31 .77 —.15%".
Ioniv strength 0.89 0.89 1.52
Oswotic press, ,psi 493.8 493.7 8
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" HYDRANAUTICS DESIGN PROGRAM — VERSION 4.05 (1990} 01—07-93

ot

Calculation was wade by: J 1 C A
Proiect nawe : SAUDIL -ARABIAN SEAWATER MODEL #1 Perweate flow o 10000 H3-D
Feedwateor tewperature : 35.0 C Recovery 40.0%
Raw water pH 8.00 Elewemt apge 0.0 vers
\cid dosage, 1:1'.-:( 100%): 19.9 H2S504 Flux decline coefficient : 0,035
Acsidified feed CO2,ppm 1 19.9 _ 31 salt passage increase fachor 1.3
Fewd presswme @ 60.7 hu/om2 ' Concentrate pressure @ 60,1 kg/om2
Puss Feed Flow Cove:. Flow Beta Cone: . Elewent Elewemt  Avrray
Totul Vessel Totaul Vessel Press. Ty No.
w3/h w3/h w3/ wi/h hg fom2

1042.5 5.1 625.5 3.1 1.01 0.1 SEAWATER RO11S 1218 2036
! 1— Ruw water——!——Feed water—-—! ———Perweute——! —Concemtrate——|
H L H H H '
! Ton w /1l weqy/l E we /1l weq/l E wir /Ll weq/) i wi /)l wexy/l E
[ £ H 1 1 * N
1Cu V4750 23,7 ! 475, 0 23.7 H 3.2 0.2 t789.6 39.4 !
t Mg { 1555.0 128.0 { 1555.0 128.0 : 10.3 0.8 {2584 .8 212.7 i
$ N 1132846.0 577.6 'i3284.0 577.6 ! 420,6  18.3 121859.6 950.4 :
iK ¢! 493.0  12.G ¢ 493.0 12.6 ! 19.5 0.5 ! 808.7 20.7 !
! NH4 ! 0.0 0.0 ' 0.0 0.0 ' 0.0 0.0 ! 0.0 0.0 B
B ! 0.0 0.0 i 0.0 .0.0 H 0.0 0.0 H 0.0 0.0 '
‘Sr : 0.0 0.0 ' 0.0 0.0 ' 0.0 0.0 : 0.0 0.0 !
CO3 H 0.5 0.0 H 0.1 0.0 : 0.0 0.0 ; 0.2 0.0 :
HCO3 Y 1464 2.4 v122.5 2.0 H G.3 0.1 v 200.0 3.3 H
1504 i 3675.06 . 76.6G i 3694.5 77.0 : 26.8 0.6 t 6139.¢ 127.9 '
iIClL 123500.0 662.9 123500.0 662.9 i 678.1 19.1 138714.6 10921 !
iF 4 0.0 0.0 ' 0.0 0.0 H 0.0 0.0 : 0.0 0.0 §
1NO3 i 0.0 0.0 0.0 0.0 i 0.0 Q.0 : 0.0 0.0 b
15102 0.5 : ! 0.5 H 0.0 t 0.8 4
YEDS. 143129.4 43124 .G 1164 .7 71097.9 :
E ! 8.0 7.0 5.7 7.2 !
f— :
iCalemlated concemtrations are ascomrate Lo +/— 10% !
[ - )

Ruw watler " Fesedd water Conermtrate

CauSO4 /Kspx100,% 26.0 26.2 48.5
S804 /Ksp=100 ,7% 0.0 0.0 0.0
BuSO4 /Ksp=100 , % 0.0 0.0 0.0
5i02 sat . X% - 0.3 0.3 0.6
Lurgel ier n:d. 1.33 0.25 0.688
Stiff & Davis ired, 0.31 —-0.77 ~0.15
Ionic streagth Q.89 0.689 1.52
smotic press. ,psi 493.8 493.7 . a38.0
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KINGDOM OF SAUDL ARABIA
SALINE WATER CONVERSION CORPORATION
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January 17, 1994

To Mr. Kitagawa/JICA Team, Al Jubail -

From : . Abdulrahman Abanmy/Manager RDC (A)
Sub : Lecture on Analysis of Fouled Membranes by Prof. Taniguchi

SWCC R&D welcomes the idea and will be happy to arrange for the lecture at RDC,

Al-Jubail. Emphasis is to be on sample preparation and analytical procedure. Also, '
SWCC wouid like Prof. Taniguchi to participate in autopsy and analysis of fouled

membrane to be performed at the RDC, Al-Jubail. Samples of fouled membranes will

be provided by SWCC.

Advanced instruments necessary for fouled membrane autopsy and necessary tests
to be performed are outlined in Appendix-1. All instruments are now available at the
RDC. - .

For your information, SWCC R&D has been working on this subject for the last three
“years. Topic has been discussed in detail at the Center as well as with various SwCC
staff engaged in SWRO work. Consuitation & assistance has been provided by RDC
to other Saudi Organization engaged in RO work. Moreover, several SWCC staff
have participated in the autopsy and analysis of fouled membranes in U.S.A. and’
Japan.

Looking forward to Prof. Taniguchi presehtatioh. |
Regards,

r\\
,@\l\l_r\ R

(Abduirahman Abanmy)
Manager RDC (A)

X0 pugms ledd YU YT 05 AT VAL eSSl ) - AT Lo e
P, 0:Box 8034, Al-Jubail 31951 - Telex 831188 - Telephone 361-0333 - Fax 361-1615



APPENDIXE

~ To establish the'reaso'ns for the decline in the performance of fouled membranes, spiral
wound or holiow fine fiber the foIIowmg analytical and autopsy tests are to be performed
by our laboratory on fouled membranes obtalned from RO plants EA
A. Samples and Sample Selectioh
Membrane elements are tc__:__be selected from.t’he:’ |
- Worst performing membranes, and
- Best performing membranes.
In addition, new membranes elements will be ihcluded, in this test.

For the case of 'the worst performing membranes tWo elements are to be selected from -

the first inlet and the last outlet elements in the vessel. Selection of the best performmg a
membranes are to be taken again, from the first and last outlet eiements in the vessel o

B. Performance Evaluation of Fouled Membranes
Performance evaluation measuring product water
- Flow rate and

- Salt rejection {or product conductivity)



~ for the above samples are to be determined under standard conditions.
(The performance of the used (fouled) elements is to be compared to that of the new
elements and aiso to their expected performance versus their time in operation).

General Appearancé of Disassambled RO Elements (Autopsy Test)

In this case color of the membranes and deposit collected on them are to be
“examined, photographed and recorded. Also, the element is to be examined for bio-
‘|logical fouling, slime, smel, rupture, etc.

Determination of Structure and Composition of Deposits

Deposits onthe membrane aretobe collected and analysed using Inductively Coupled
Plasma (ICP), or Atomic Absorption (AA) for the fol!oWing elements: Fe, Ni, Cr, Mo,
Cu, Mn, Ca, Mg, Al, Zn, Co, etc. -

. (This test ié’de'signed to identify the composition of foulant materials collected from the
membrane surface. Note both ICP and AA are available at SWCC R&D laboratory).

. Membrane Surface Analysis
For this type of analysis several analytical techniques can be used
1.  Scanning Electron Microscope (SEM)

This technicjue shows magnified view of deposits on membrane or deposits
removed from the membrane. Based on the morphology of the material the §£N_jf
technique can differentiate between inorganic, organic and big_logical matter.
inorganic matter can be identified by X-ray microanalyzer (XMA), an accessory
attachment to SEM, while the orgénic matter can be identified by Fourier

e et C
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Transform Infrared spectroscopy (FT-IR). (FT-IR)Membrane surface prop-
erties and the composition of inorganic matter can be examined also by the use
of Electron Spectroscopy for Chemical Analysis (ESCA). - .. = -
2. Alternative Method for identification of Inorganic Elements
Energy'DispérSive X-Ray Spectroscopy (EDS)
Method allows for the identification of elements present on membrane and in
deposits removed from membrane or other parts of it. It gives semi-quantative
results of the major, minor and traces of these elements. |
The X-Ray Diffraction isusedtoidentify crystalline patterns ofinorganic compounds
- found in the deposit, e.g., Scale and corrosion products, while X-Ray Flouresence
Analysis can be used to identify their. (inorganic material) structure. =~ .. -
3. Structure identification of Organic Matter By Fourier Transform Infra Fied (I‘-T—!R)'
The FT-IR spectroscopy is applied in the analysis of organic subs_tancés adhére_d t0
~ the RO membranes. The same technique can be applied in the determination of the _
acetyl group ratio in the palyrmer chain. (FT-IR is available at SWCC R&D center).
F. Determination of Physical & Chemical Properties of the Membranes
In this case several test conditions can be applied:

1. Strength-and Elongation of the membrane using Instron*'_

For a spiral wound membranes the stress/strain(S/S) curve can be established

# AVRILRBLE B7 LR LPBR.RAToMRYy



for a thinfilm membrane using a dumb-bell shaped sample

!, ]
R

cut by a die from the membrane, while for a hollow fine fiber membrane the $/S
~curvecan be determined by using afiber sample. Polymer strength and elongation
are established from the S/S curve. :

2. Molecular Weight Determination

The standard process used here is gel permiation chromatography (GPC) which
gives polymer molecular distribution. This measurement can be determined using
High Performance Liquid Chromatography (HPLC) equped witha GPC coulmn
(HPLC i is available at SWCC R&D center but not the GPC permeation coulmn).

3. Viscosity Measurement

Viscosity measurement is used in many cases to determine polymer mofecular
weight, it also gives an indication of its physical properties.

(Thesethree measurements: F1, F2 & F3 provide an indication of changes in the polymer
molecular weight and chain structure).

4.  Degree of Polymer Acetylation
Either one of two methods may be utilised:
Thewetchemical analysis methodinwhichthe polymerishydrolysedinaproper

~ solvent and free acid is measured by neutralisation titration. Alternatively, the
FT-IR method is used to measure the acetyl group absorption at 1725 cm-1 &

% QUARILARLE PY R Lprly.



1230 cm-1.

(The results of this test show whether acetate group hydrolysis occurred or did
not take place).

(For experimental procedures for the above tests F1, F2, F3 and F4 the standard
methods of analysis are to be employed for the determination of plastic
stress/strain, molecular weight by gel permiation chromatography, viscosity
measurements and acetyi group determination).
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