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SDI: The Silt Density Index (SDI) can serve as a useful indication of the quantity
of particulate matter in water and correlates with the fouling tendency of RO/NF
systems. The SDI 1s calculated from the rate of plugging of a 0.45 um membrane
filter when water 1s passed through at a constant applied gauge pressure. The
method 1s described below. For more details refer to ASTM D4189 /22/.
SDI 1s sometimes referred to as the Fouling Index (FI)
bl 3 fouling dasi sy slall 3 Claruall LS (o jiay j50 580 (SDI) (eall 286S Hi50
puly ULl SDT JUiy | 005800 0.45 L 5ilé (o Jrem 53 Ja2e (50 SDI sl a5, RO/ NF
(FI) Fouling Index Flui¥! )dise

MFI: The Modified Fouling Index (MFI) 1s proportional to the concentration of
suspended matter and 1s a more accurate index than the SDI for predicting the
tendency of water to foul RO/NF membranes. The method is the same as for the
SDI except that the volume 1s recorded every 30 seconds over a 15 minute
filtration period. The MFT 1s obtained graphically as the slope of the straight part
of the curve when t/V 1s plotted against V (t 1s the time in seconds to collect a
volume of V 1n liters). For more details refer to Schippers et al. /23/.
A MFI value of <1 corresponds to a SDI value of about <3 and can be considered
as sufficiently low to control colloidal and particulate fouling.
More recently, UF membranes have been used for MFI measurements. This
index 1s called MFI-UF 1in contrast to the MF10.45 where a 0.45 um membrane
filter 1s used /24/.
5kl SDI (e 483 S yiize 5o 5 dallal) o sall 5 55 pe aulily (MFI) Jonad) #lud¥) 5di5e
) il 33a 3883 15 il 5 53 I8 4005 30 JS aaadl disas 2 () YY) SDT Aaailly Lgwsii o
(A B paaV L sl T (V/T)inke o Wil Leasd 53 o5 adal o
i slall Jes plall 8Sl) jally mam s jliic) (S5 e3> s SDI 4 Ly 1< MFI 4e8
PP PEEPPl

pH n3ytwmpCy nBF 6L

@3TpKHI@EHI3rvpGitld 6 LLOKOF e B ey J1i

6.-3. 2y n3aytmpCyk O6Up 3rj g CH
11:35ey? MWHBMY oCB nT nmnaytmy

11-2 &hin film compositeb F - ufy | OY

67131 IOF C3HK

NMYYAR Y41 OuF | B 8lYelp LR jo €H Y Yy PR Y wiy U,
wyl O4O bH3CIKOF 233U wtMm
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Sulfuric acid (H,SO,) is commonl

y used for pH control because of its
relatively low cost, and becauseitislessa

» sulfuric acid injection does not significantly reduce the
quality of the RO permeate water.

:2 M Cd HQFakr et eB aHtdr aYebir o b, HeK 0 O YIgHSB kv

e

With some water sources, the additional sulfate contribution from sulfurie
a¢id injection can increase the potential for sulfate precipitation. Caleium,
barium, and strontium sulfate all have limited solubilities, which are usually
better at low pH; therefore, acid injection is beneficial at reducing the potential

Ior seale formation, but not necessarily if sulfuric acid is used
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One approach to avoid membrane fouling is to prevent oxidation and precipitation of iron and
manganese by keeping the water in the reduced state. The exposure of the water to air or to
any oxidizing agent (e.g., chlorine) through the whole RO process must be prevented. A low
pH is favorable to retarding Fe2- oxidation. At pH <6 and oxygen <0.5 mg/L, the maximum
permissible Fe?* concentration is 4 mg/L.
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One approach to avoid membrane fouling is to prevent oxidation and precipitation of iron and manganese by keeping the
water in the reduced state. The exposure of the water to air or to any oxidizing agent (e.g., chlorine) through the whole RO
process must be prevented. A low pH is favorable to retarding Fe2- oxidation. At pH <6 and oxygen <0.5 mg/L, the maximum
permissible Fe* concentration is 4 mg/L.
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Iron and manganese are found in water either in a reduced state, which tends
1o be soluble, or in an oxidized state, which tends to be insoluble. Iron is usually
the most prevalent of the two metals in naturally occurring water sources. Its
divalent ferrous state (Fe™) is soluble. If it is oxidized to its ferric state (Fe'),
it is insoluble and can foul an RO system.

The iron concentration can be substantial in a well water, particularly if its
pump is starting to rust. Pretreatment equipment can be a source of iron if black
iton or carbon steel has been used for piping, tanks, or tank internals. This
‘problem will be compounded if acid is injected upstream of the equipment.

I the iron or manganese concentration is greater than 0.05 mg/L in an RO
feedwater, a means for its removal should be considered. If the iron or
‘manganese is in the reduced (soluble) state, it may not cause any fouling

problem with the RO system. If
any air gets into the system or if
any oxidizing agentis introduced,
however, the iron or mangancsce
willoxidize into an insoluble state.
It will then tend to foul the mem-
brane clements. It can also cata-
lvze the oxidative effects of re-
sidual oxidizing agenis. possibly
enabling the agent to attack and
degrade the RO membrane. (See
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Advantages ang application of Sorbe

* Itcanbe used with lightand heavy oil.

.,:i::—l,ia."_..-ﬁa o2 ANl -

* Adsorbs oil up to 20 times its weight.

g s 20 e 1 Y sl 5
* Can be used more than one time,
Bon o S (il Lcdl e o
twhich allows easy Handling, }
e Sl B Ly e i g
pin comparison to oil spill responise aqueiprien
BN o SO Rllr by % [y e 5
« aecosdoniq te. sy o
PR oty fi 8, i e € 5 i
¢ S semyviass sy eguRgTIent s e

Condition for using Sorbent
Io be used in sheltered waters, near jettic

Tobe used in locations where current jon’t st

o be wsed with small spdlis
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11 ... QoyYHI1 6F3jb FkIOtdm OFiBIdF 33 BFMn T
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© Suspended panticles é Dissolved macromolecules @ Dissolved ions

@ Cells bacteria Colloids © small organic molecules
dhm Cysts Viruses o Metals, hardness, salts
2 0ily emulsions 9 Proteins

Contaminant removal by RO membranes.
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FTObE Crj

" WY Oy FvEDOIBUEY yie kb3 UF GBYE HOYRU Cpktiv/HE @A C Boby I3k
. nhdoF E

PGy T FUbiitel Natdpndiyoer xuF7 TvQYRRYZRhb 6 HEUY RHRGHLI TR HD
bmMmuF 391 OF
ETOBCE Cr |
¢ Gy & HIEERBBIGFEHOF 2 FMWMKO%C 63N TRECUYBBEMB
wt mMN3alOF WFyB eB unpOIA
GBPDBYOF M 44YDbOr A0 nYYOFOYIOF 3blY Yl HOF m
MK nCy

How well an organic molecule permeates an RO membrane will depend on

Its physical size and shape and on its chemical characteristics, Generally, the
2 bl Y O i HOEFGRy@d MAUFFpGReB Jnitv... BT T gk BK pHLI/I Ty Rpolarity b F LUK
R aIBFFK MNIOF olfh 4y bObmM wWyCFTOYIOF JFROIBEE n

Smaller organic molecules with polar characteristics will tend to diffuse
better than larger, neutral ones. A very general rule of thumb is that organic
molecules with a molecular weight less than 200 are more likely to permeate the
membrane than ones with molecular weight greater than 200.

nNMgTIOTWOF AaCHIKF nT wA
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Table 1-3
Rejection of Organic Molecules by Polyamide Thin-Film Membrane
Organic Concentration Rejection (%)
Acetone 0.1 Molar 70
Ethanol 0.1 Molar 40
Phenol 0.1 Molar 40
Methylethyl ketone (MEK) 0.1 Molar 75
Isopropyl alcohol (IPA) Independent 90
Sucrose Independent Almost 100
Dextrose Independent Almost 100
(Courtesy 0FOsmonics, Inc 1

) KH3IOF e
Thin Film b FCWA Gi Ay AYYFOF dfray y4ybY) af 4y

mMrpyr OF nT WCTFH3ITr K@Bmpasited g
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Inorganics CTARejection TFC Rejection inorganics CTA TFC Rejection
Rejection

Sodium 85-90% 90-95% Fluoride 85-90% 90-95
Calcium 90-95% 93-98% Fhosphate 90-95% 93-93%
Magnesium 90-95% 93-98% Chromate 35-90% 90-95%
Fotassium 85-90% 90-95% Cyanide 85-00% 90-95%
Iron 90-95% 93-98% Sulfate 90-95 93-93%
Manganese 90-95% 93-98% Boran 30-40% 55-60%
Aluminum 90-95% 93-98% Arsenic+3 G0-70% T0-80%
Copper 490-85% 93-88% Arsenic+a 35-80% 93-98%
Mickel 90-95% §3-98% Selenium 90-95% 93-93%
Zinc 90-95% 93-98% Radioactivity 90-95% 93-98%
Strontium 90-95% 93-98% Biological&Farticle

5
Cadmium 90-95% 93-98% Bacteria =09% =09%
Silver 80-95% 83-98% Protozoa =39% =00%
Mercury 90-95% 93-98% Amoebic Cysts =09% =09%
Barium 90-95% 93-98% Giardia =09% =99%
Chromium 90-95% 93-98% Asbestos =09% =09%
Lead 90-95% 93-98% SedimentTurbidity =09% =09%
Chlaride 35-95% 90-95% Qrganics
Bicarbonate 35-90% 90-95% Crganics MW=300 =30% =09%
Mitrate 40-50% 85-90% Organics MW=300 0-90% 0-99%

[CTA=Cellulosic Membrane -TFC=Thin Film Composite]

All rejections nominal for 60 psi net pressure and at 25C

nNMHBFEOBNIOFHC 3TIOhHh @YHVIST IOMpwyPIOBY WHOF.Cw n
WM CJ/Fl pw E€EFUYx FNnlO pOYx PHH SHMHRUOFHIO MO
Yy B WK TAIYW®B ) c YT bINIOF oYYF33IOF wyl OY eB F
O Y Y P ¥ B 4R Ot K 2 Gilo MHED [THHEYHT HRYY HBrkls BMIY.... (Ul HBI WiOA4D
(Brackish water) wc H Ar OF wlr BPH3IB wWFyr HOF SWROx c
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atomicradius Wp MY KO3 &KWt ¢ . yhMEFEP FCB nT FnNnlOHC PHT
NG Hr Mgy ORI WC 4§ vy Tt Hifr b3+ LM ¢ A pvERRVE RREB3CHr FhE
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Table 10-9
Metals Atomic and lonic Radii o
(in nanometers) He
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The ability of an RO membrane to diffuse certain salts while rejecting others
1s not absolute. For any particular membrane, the percent passage of smaller
1ons, or lesser charged ions, will be relatively greater than that of larger ions,
or ions with greater charge characteristics. Generally, cations or anions with
greater valence numbers (greater charge) will be better rejected than ions with
lower valence. A divalent cation, such as calcium with a valence of +2, will
typically be rejected somewhere around three times better than the monovalent
1on sodium (valence of +1). Approximate salt passage percentages for an RO
membrane are given in Table 1-2.

MY FOUpHOH pMOr IOF w3 3T . xF w@ERIMe FGINYAD w0 L
a H r J1 OBCED i MyORG ¢ pir@dBHprFes OPRA xaHBhAYlg | i@ dBHprLF
.1 HKOFFBd y FF S%epek HAUBY wdFMF3 2 Ublyt TOKWF nT  F

bmCt OBIMmIOF . op p T Y 3 amF oW FUOFl 33 WPHYHYTYDOIOF n T

cTBITIOF oYF 39 IOF wyRiydW g 6QDF 4 s

Table 1-2

Approximate Salt Passages for an RO Membrane
Dissolved Salt Chemical Formula Passage (%)
Calcium sul fare CaSO, 03
Calcium bicarbonate Ca(HCO.), 0.6
Sadiumchloride NaCi |
Sodium bicarbonate NaHCO, !
Sodium sulfate Na, SO, 0.3
Calciumchloride CaCl 0.6
Magnesium bicarbonate Mg(HCO,), 0.6
Magnesium chloride MgCl, 0.6
Potassium chlaride KCI i
Magnesium sulfate MgSO, 0.3
Potassium bicarbonate KHCO, I
Potassium sulfate K.S0, 0.3
Calcium nitrate Ca(NO,), 5
Sodiumnitrate NaNO. -~ 5
Magnesium nitrate Mgi,N() AR 5
Potassium nitrate KNO, 5
Calcium fluoride CaF. 1
Sodium fluoride NaF 2
Magnesium fluoride MgF, 1
Potassium fluoride KF -~ 2
*These valuesare provided in order to view the relative percent passage of different dissolved
salts. Actual passage rates will depend on the particular membrane, net driving pressure,
temperature, pH, and other factors.

bIB DKOF Ci
OEATYFs T AK pOY wrtMMN3F nrpys ¢cT wUIRBIOBF
6CTObpF bIlOF ObblT EAXF 9 BF
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. bpbFK Cyn

:Wp F O jmEDREDIGH @RRBEYEH K B3 ferui/ios F

St.St 316 L can be used in water with "CI" less than 200 ppm & temperature less than

30°C é and inline chlorination max 2 ppm.

In case of CIP max chlorine i50 ppm.
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Membrane process Size(nm) Region Examples
10,000
- Erythracyte
200 r - Cancer cell
4 - Saccharomyces
5 ‘é. (baer ferment)
B g o
= < - Siaphylococcus
E 1000 él
9 - Tetanus
= 500 |-
- Shigsila
- N
- Latex emulsion
100k - 01l emulsion
- Colloidal silica
501
g .
= 2 - Japanese
% =§ encephalifis virus
% 10 o - Palio virus
- Hemoglobin
—'— 5 -
5 - Papein
s - Vitamin B42
3 l_ - [ - Sucrose
! ck B -Zn*
a0 23 = 3
i g | S35 -Na—OH
i 8% .no—cr
x 3 02} 5 E e
I e

Figure 1.1 Membrane process designation by solute size.
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Filtration Coupling Examples

Direct couple
:

Indirect couple
Filtration Intermediate M
System Tank

LWOM 30K NOF BMNLKF w3r 9A oCH 4j FHOF WHL Oy
. AFJYFjIOF nT .

C FTObE3A@T |

afF 3x feedibogstérpptmp pfrpy 9> F 63717 clOfF NKOF BMLKOF u
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Semipermeable
membrane

¥ =mm==) Salt and other dissolved solids

) \Water molecule

CTubHpoHI@®) wWB3p B  whv D/FEAQF KOF D CwB bHu F
I M bIB U
WCT TN T AR D NE_ EHoGrFuFELIEE ] 2 wHhHEOFCr i B8 EC3 N
wy YwhbHn MOt 3 lOF bbia eB WbpFl rOF HTOIOXM YF L
UHATT IOF W
WH A D VB BM . .. FAIOFemKj] KWBOcF HIDF 98> Ef MNIDF
- N AKo VHEEEFMAID afF NNIOF gHxfF UYIOF aCbslx aY WNyT
PV = nRT
P.lW?2FFfc CTOX OoOMIF oCHTr BuF BNUAK 298Oh
V. 6tj] A0 98B Oh
R 0082oMFIITM Y9FCFNAK afp NOF U?JF xIOF HK
T .73+ wWTHGrIOF WpFOjWOF wtpp oMFlT HKkM) e
n .9bHT1r OF pCK nk
d PITOA DWBO e K WpEYBFaRryg Ar OF .erKT _2fChH 1ORF g
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_O0OCHTr BPuF FAlfNY 47j x Cy3200=0 uEdjyY OR
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42



@Obéilla@ii »lla@ QOAEPE @@ Uéila@ °baniu:

. nbF  wr yrlB MH K. . N Y M5 Cfr.MARQaupr@EdOE2 U IrFxyKOFIOFRF »Udp3
molarbF WFlFc XTOA eK UWWOMm . . . mncCcmwm pHADBIKOF

33Kk mFOALIIOF 2y bOgOF n lOw i Yfaciion 6 2
58.édy 3 X uBrs . orHrsbRawr pH h A0
Mole fraction of sodium = 23/58.5 = 0.39
Wt of sodium = 0.39 x 32 =12.48 gml/|
Mole fraction of chloride = 35.5/58.5 = 0.61
Wt of chloride = 0.61 x 32 = 19.52 gml/I
3229. %2 . 48 t x 9Yf DF [
: (Oh3 K 3blKO ngT1 29t OF ACsHOFKOmM AKC Kg
n=(12.48/23) + (19.52/35.5) = 1.09
c 0CHT buF BMNUKF "
P =1.09 x 0.082 x 298 = 26.64 bar = 386 psi
02F672 B HOFGHCT BPY BMNY n BRK sy W G
. (@ r86224psi F3ylN/1b DG GbH KL
‘nHENKMUT \eREE Y0 ho O YIH R 2B Liy@
P=119x (T +273)x M
P = osmotic pressure (psi) , T = water temperature,
Mi = n = molar fraction of individual ions .
- nbdpF 2CtWwp FOHeg Byt pp C3 K
P=119x (T +273)x M=1.19 x (25 + 273) x 1.09 = 386 psi
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Typical Osmotic Pressures (2%)

Compound Conc. (mg/L) | Conc. (mol/L) | Osmotic Pressure (psi)

NaCl 35,000 0.6 398

NaCl 1,000 0.0171 11.4

NaHCOs 1,000 0.0119 12.8

NazSOy 1,000 0.00705 6

MgSOs4 1,000 0.00831 3.6

MgCl: 1,000 0.0105 9.7

CaCl 1,000 0.009 8.3

Sucrose 1,000 0.00292

Dextrose 1,000 0.00555

FAryiw .o . ATFDHBB00F YW NTFM OteiBY FNHKO wy T MHT 3
MFyB NMEYbeMoAK= FnloOF K BMNY w3r A2 5a1GFHlcx om¥
wWwir AAYallBab3¥l. ®ndCur Fyypw BI.MNY w3 CEMNO ksie ydAp
__OGH TUFEMIHNEK & s or8 . 5
0 H L D% 3TEEMEET QT oL NHIEETL WA AL LS .. VESRP B aBERK YW 1D
WEYx wyr AT KF .B.NY wHD JCTUWROFN T o G H rnT

AF Ux WCK n
H> B 6 K Dy OM YfpBFr RIOFM &y dFXuFm wyl Ou-E Wr -

Friction LWF blg c wFk

Wph eTHBIHT nibadbF Jyt yax wBCH3r OF 3cFOr W nT
. (wylT OuF 49fFTfFn3t0 F3ntbF Fr

AIYPAIbWblYy bF 9 BF AWNY 431t Ublyt 1OOF unfyB3 Y9f x
. ublBYKO oCHT BbuykF
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Pumping system Before entering the SWRO membrane, darified seawater has to be
pressurized by a high-pressure pump, typically between 55 and 85 bar, depending on
the temperature and the salinity of the water (Figure 4.9).

Pressure [bar]

33 35 37 39 41 46 45 47 49
Salinity [g/1]
— 1 50 25°C e 35°C

Figure 4.9 Pressure variations versus salinity at different water temperatures.

WR2GPIF Oc wtepPp6 CBMC @ F T UoHHSHITr KOs HEAR BROC 3T
F Mblk m
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Soft Starterssoft starter.JPGA soft starter is a solidstate device thatprotects AC elec-

tric motors from damage caused by sudden influxes of power by limiting the large ini-
tial inrush of current associated with motor startup. They provide a gentle ramp up to
full speed and are used only at startup (and stop, if equipped). Rgymg up the initial
voltage to the motor produces this gradual start. Soft starters are also known as re-
duced voltage soft starters (RVSS)Soft starters are used in applications that require
speed and torque control are required only during startup (and ®p if equipped with
soft stop) or where there is a need to reduce large startup inrush currents associated
with a large motor is required. They are also used when the mechanical system (the

load) requires a gentle start to relieve torque spikes and tensiassociated with normal
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startup (for example, conveyors, bekdriven systems, gears, and so on). And they are
used for pumps to eliminate pressure surges caused in piping systems when fluid
changes direction rapidly. ss3.JP(Electrical soft starters tempaarily reduce voltage
or current input by reducing torque. Some soft starters may use solidtate devices to
help control the flow of the current. They can control one to three phases, with three
phase control usually producing better results. Most soft astters use a series of thyris-
tors or silicon controlled rectifiers (SCRs) to reduce the voltage. In the normal OFF
state, the SCRs restrict current, but in the normal ON state, the SCRs allow current.
The SCRs are engaged during ramp up, and bypass contac$ are pulled in after max-
imum speed is achieved. This helps to significantly reduce motor heating. Soft starters
are often the more economical choice for applications that require speed and torque
control only during motor startup. Additionally, they are often the ideal solution for
applications where space is a concern, as they usually take up less space than variable
frequency drives. Variable Frequency Drives A variable frequency drive (VFD) is a
motor control device that protects and controls the sped of an AC induction motor. A
VFD can control the speed of the motor during the start and stop cycle, as well as
throughout the run cycle. VFDs are also referred to as adjustable frequency drives
(AFDs). VFDs are used in applications where omplete speedrtrol is required, energy
savings is a goal and custom control is needed.vfd.JP&/FDs convert input power to
adjustable frequency and voltage source for controlling speed of AC induction motors.
The frequency of the power applied to an AC motor determias the motor speed.
The VFD's input power comes from the facility power network (typically 480V, 60 Hz
AC). It has a rectifier that converts network AC power to DC power. A filter and DC
bus work together to smooth the rectified DC power and to provide cén, low ripple
DC power to the inverter, which uses DC power from the DC bus and filter to invert an
output that resembles sine wave AC power using a pulse width modulation (PWM)
technique.

vid 2.jpgVFD's can save a lot of energy. And they are good at reding peak energy
demand or reducing power when not required. They offer fully adjustable speed
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(pumps, conveyors, and fans) and can control starting, stopping, and acceleration. they
have dynamic torque control and they provide smooth motion for applicatios such as
elevators and escalators. They can maintain speed of equipment, making them ideal for
manufacturing equipment and industrial equipment such as mixers, grinders, and
crushers. They have selfliagnostics and communications, advanced overload prate
tion, PLC-like functionality and software programming, digital inputs/outputs

(DI/DO), analog inputs/outputs (AI/AO) and relay outputs.

nAK af hK

s U TRAWDHEr AR | B JRiIMpHiyr RO 608 8 8 pEh U T HNTE Y B pEMAI T
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6 blj 9 AiYObiby lesBl VEDU F DXBY . 03 hwyy |l OuF nAK wundy
. wyi Outlo WKOFOF M B M bHIRYLI TR ERIHIERET 0 N
MXB MUPIEWHINMDWET  \Aidde Tocpietty/aie HOF vedl ¥ D Y6 ™

AF T 30
VED HFHK B VA

33 B, cBEppdRlT nT &I YSEYHKM ... Varaible frequency driveb  p F h3 3
PF ygadee pFCUB eB WTF3] T FB CGCF302nb PHbBHE
Wb LITTEMFIOR pHbHT IOF wKOB nT #Wrbljb n3NT pfrys

(FNWMTCHRAKO e Y M6 bljn

cAK Crj B

3y tbH b GhapTOVB. FOF(V/F) UK HoBCen HIMOFCE FEENDHEUY [IHNSK CoT JFi B

b M B KA BH 41 ¢ MHATIEHHRULEY 6 6X... U Pp iapChr ies pvp3EMbIFb
. (boHHr FOF ) WO j r A0 023 Y pMF b d@BFTR . Fdh Ku
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OpfeB ppaRURL T TMetering p FCK CtHT 6pF PIOF
L@ . .- N PBumpiEdAsT WA BMRDA) N WCKF B AFUYx CtTHE
pC3s3r IOF nAK relyohCizm?P HWED ERIEmEMic Y10

Qy AdA> Crc

. CCF30nDb pHbWEBD pblF ay

.nom) WO r OF agFgawmp

. WOjrOF 9y Nl b wtFC? softbtarer ¥ P fAAMPB T ¢

c LUH BCKOF Ci

QU T YuDiEd R 1...ufj riegdles AYipe w bopFu® nTvRO BRUREMNTHITY
. WUFTKOF OTHT nK

cAK Crj B

IHOM. WOFwsr r OFmM wA> FCKOF wmrpyr KOF wyr bm WUy J
Dp 4Fc FATORbhbm wir AT OF |/ Woj r\veb dagic-3|B
J™Mhrotting valve U bly ERPOF boia eB B IMLI IPMDB YA

WHKF 2p b 61
XTEgOF6KHIH IO W) r A0 wKOFMOF ¢ T 6blj 9tOF

6 bljp.pFONE HIRGH Yo F Yy 3 IOF M wK O IOF 37 B pldhP /Bt Yy KOHWOF
. Y9F Oy r rP@FY TeuBF Juy“WTEMA M 1 TF Y
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But the analog signal is-20 mA or 0-10V
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the variable frequency drive let us to control the rpm of the motor so the control of the
flow and the attack pressure of the membrane, we use it to control the flow of the
product and the reject. From the experience we make the control of the flow tie
pump and its pressureattack from the vfd, and after flowing the projection of the
membrane from zero year to 5 year, the control with the plc of the valve reject can
make a bad influence to the membrane because the various pressure and flows to the
membraneso i advice to make a handly valve reject.
CAK QJO1ONKF C»3
WE PHHSrywll s lOF YF TFC? ¢T #“3B CyYslbwm €LIIOF
LLOM T FR Y K O I AHORCUKTT /D BoBb DB Wy OF K HIGWHTRp 3 X
PHDODWDABKF wYyAM cbYb F3kmM ctrT
c U BCIKOF C|

VFD us used as soft starter .o &aVvVar eab

flow at constant pressure

. WT pOA wlwbK. . . BHIQITO6R  PyOyH?
UF T3 ODOHF %

. WbFTRYAK BILUbH eli®)B WNT OORYy KR 1GOFmP |
wYyv A>3 Cr |

_ CT Z1a ¥ YE YRG0 QuuEEss Ukl IRIKOh 3hBCK 1T c3T... @ 6B HHPH
WIOF 9pp 67T
Q&H whklWr OF 2 JFPIKOF c
wYyv A>3 Cr |

. WKOTFIWF d9fF 33X C3K e bllOm

UF I3 DOHF X

. w K 0GR wy Dbl HEEBHLI YUK HEDYTHCKM.... oy Hb
WHOF 9pp 61

grundfos WUHB eB eTbXMY wblleB pFygsF C3K LOM

W9 KOP OyyNasto 32F Ll aduydndgéd d@6ctiold Yy m g R |
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80 Pumped liquid
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https://www.grundfos.com/.../downloadthe-pump-handbook.html

Download the Pump Handbook Grundfos
replace text
GRUNDFOS.COM

Fa B B YHC FHB Gj B E G B OAM

CT B PG PFIBIHNUMGEHN @ bIlO pMF YBOBO0O BN KHB N0y BIH AB
. CTFp CHIM OupriTF HUX O K

. wtygas

UEFE T3 DHF X
You can applicateaffinity laws to determine required results.

1. -Pump Affinity Laws - Engineering ToolBox

https://www.engineeringtoolbox.comi af . . .

Engineering ToolBox

Dynamic, absdute and kinematic viscosities- convert between CentiStokes (cSt),

centipoi sesé

2. -https://www.ksb.com/ksb-en/download-center/
Download-Center | KSB

KSB AG uses cookies to be able to optimally design and continually improve its web

site. By continuing toe

3- Flygt Slurry Pump Handbook - Xylem

PDFhttps: / /| www. xy | e-msooraesn U f | ygt
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c hue Crj B

E power = hydraulic power/pump eff. (VxI cos fi)/root sg of 3= QV/pump eff.
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(Membrane bF #nYYy AK XYYATr x ukgKPHwiM muflQsRsHiias: |/
nYtOw OY3I xF . .. MYyr tr lOF eYs Yt mOassembly Yy

YPressurevessely} 994y YIOF MY BNYLUKF wyy KmY HYK 1
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RO Skids and Trains As indicated in the previous section, RO membrane elements are

installed in pressure vessels that usually house six to eight elements per vessel. Multiple
pressure vessels are arrangeodn support structures (referred to as skids or racks). The
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skids are typically made of powdefcoated structural steel, plastiecoated steel, or plas-
tic.
fiberglass reinforced plasticMy3shE SgHes B 1D KmIBRT
1200psi HKk WArj g1 BNY % hillPovm FRhBYCKy MPY Gd OwyniAC
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. BMNUJKOF  F Km d180F 1 dJp H HD 1
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feed concentrate
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How big is a Reverse Osmosis Membrane Pore?
R.0. Membrane Pore - .0005 um

o
X
@
»
7}
£
@

Contaminants

Flow Permeable Purifieti Water Membrane Flow
(Reject Water)  Support Layer (Reject Water)

beWWs (eTOYYYHuF eyr nYyyrtoF) prYyYyryOFm e
QY IOAbIOEMFaHT pHYRIOFM  addHT FymstOFF 1 M@FYB LaFH YR YG
WHH v IOF e YB ey Y Ylieerrrs] ooBe) BWHmIKY  OUWK KAFp m WA
wy Y Oaks (CA A Yny T 99 Y Borifed watdQRysneise CHBF. D, . .

HLT WRH IRGHENTY) (Brine) e T F (BRétdinydBr- (Rejetted U YYbly T T OIOF  #
(eTOdOrcuykF

cwyl OuF nT wurpyrOF p

10 m3/hr (44 gpm) 5 m3/hr (22 gpm)
feed permeate

5 m3/hr (22 gpm)
concentrate
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SnapRing  Endeap Brne seal Pressure vessel Brine seals
SEAWATER RO Membrane lbl ROMembrane {1 RO Membrane PERMEATE
FEED " CONCENTRATE
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(+ring connector supor
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Permeate (filtrate) (water product) (pure water) (purified water)

(desalinated water) (Fresh water)
Wy Pl QT frbig LU yr HSalt passage F 2 nr [ b m  wGity FHls K Fwy fr ybt )t
2] DA = IR VS
NMYT IO KM eYsi OYr b 64YOm FYnyT wyYdAs br-aOF d
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. wj KOfir OF nF
Reject water (concentrate) (waste water) (brine discharge) (salty concentrate)
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WM CNn 3
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U4ywm owPAYye n4yk F4Ynss O62YPbvo UPWYR OEFM WP H:?
% ntOFHYce aY 0N HOR M Yor BrosDs ¥hB D( % 3B ) b QyMry B |
CUlm uUYsBYdb GQUWNOF 3 +t604Yba T UYblyhs DOFnuwr Wy mIp
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Reverse Osmosis Basics

FEEDWATER PERMEATE
75 gpm

10, gpen 75% Recovery
i =

600 ppm TDS 30 ppm TDS

5% Salt Passage
25 gpm
25%
CONCENTRATE 25 Concemrate

2310 ppm TDS
95% Salt Rejection

FTObCEC Crj s
Seawater bF wy | OB3alt gassage B R Y wpydkighTwater bilyF  wy | Ouy
HLyY¥YpPh ba . . . Fl pw WOM CN3 4Y9bp p/Uer KrJ3 JE
... U8 Y L 2/0iter P Hbpes VERT ndBFr A Y d Mo
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Click-Lock Clamps, Straps, Unistrut Clamps, Support Saddles and other hardware are
used to install pressure vessels and ensure secure pressure vessel installation and sup-

port in a water treatment system.

- NIOF 3KOF b 4F Kk MCYy T B 33F

http://bit.ly/2BogvcW
http://bit.ly/2nUBQK4
http://bit.ly/2nSclLzx
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Water inlet spacer

P *  Prov the water flow path
“ > o o Incrg@se the turbulence on membrane surf]
= Reduce concentration polarization

\ \Water production spacer
Reverse osmosis membrane
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FEED IN

PERMEATE COLLECTION
MEMBRANE

OUTER WRAP

ced soUCD

e

: , Perforated central tub
Anti-telescoping
Device

Feed channel
— = spacer

= Membrane

Permeate collection material
Membrane

Feed channel spacer

Quter wrap

Collection matenal
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Perforated permeate-
product tube
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Feed-channel Permeate-channel
spacer Membrane spacer

Membrane support
I

Permeate Tube

Mesh Spacer
Spiral Wound Membrane

Membrane
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Permeate Collection Material
Membrane

Feed Channel Spacer

Outer Wrap

Permeate
<Spiral-Wound RO Membrane(End View)>

Foad g - : Rajact
Parmeata } Parmeate
Feod — g )‘—- Faject
N
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Feed Water

Spiral-Wound RO Module Permeate
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N RO Membrane
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RO Membrane
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Spiral Modula

rmeabe Carvier
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