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History of Membranes
A.A.1748

" Abbe Nollett (Germany) discovered Osmosis (fatas1zsitdulefne)
A.A. 1865

= Fick (England) made 1st Synthetic Membrane (33eiAganulafinwaziias)
A.A. 1907

* Bechold (Germany) (Wasuvuagiasvasduleie)
A.A. 1919

" Zsigmody (Germany) #13130AUANYUIAVRIINTUlNDE9BHTE

= insandnstAniadundnsaeilute “The name of Membrane Filter”
A.A. 1927

" MF became Commercially available(L‘%ﬁJﬁ'lﬁJ’ﬂ“i’ﬂuWNn’ﬁﬁ’l)
A.A. 1950

® 1st RO Membrane Created
A.A. 1957

® US Public Health Service accepts MF for Coliform Testing
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Membranes Enter Municipal Market

A.A. 195
" ELECTRODIALYSIS

A.Al. 196
" REVERSE OsMOSIS

A.FA. 19
" NANOFILTRATION

A.A. 199
" MEMBRANE FILTRATION




MEMBRANE HISTORY

1wt A.A. 1990 13U1152UU Reverse Osmosis 1114 lu29N159AEIMNTTU0ENS
WNIVRY

TuU A.6. 1990 BULUN1I5U1IS2UU Membrane Bioreactor L3N L9 lUSsUUUIUAUN
1d8(MBR)

na19yu A.A. 1990 1sudin1suu lgnumeta (RO Seawater)
ANA9INISNANUILUU Reverse Osmosis WSZgZLsNAINIT 1 a1ULNaaan/2u

1ud A.a. 1993 An151Y9UTZUU Membrane Filtration nuagIsunIRaIgLazinig
(- = v 174 a\ o Y v a = 1'% o/
WAILILAZANYIAUAIITTUUNERUNAULADRIINITNENEDY 3.6 a1ULNaaD/ U

Jaguulissuunaniily Membrane 11nn91 250 Lt
wualtdunagly Membrane lussuunanindunTunasivunManIsuang sy

— Minneapolis - 70 and 95 a1uuNaaaw/u
— Singapore - 72 a1ULLNaaaw/u
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Iy Membrane systems are classified as

. Microfiltration Membrane (MF)
. Ultrafiltration Membrane (UF)
. Nanofiltration Membrane (NF)
. Reverse Osmosis Membrane (RO)

. Forward Osmosis (FO)

o B~ O DN =

based on membrane’s pore size, these membranes process which is used
pressure to drive water across the membrane can be used in water

treatment, wastewater treatment and pure water plants.
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The Filtration Spectrum
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6 OPERATIONAL CONTROL OF COAGULATION AND FILTRATION PROCESSES
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Source: McTigue and Comwell 1988.

Figure 1-1 Particulates present in source and finished water

Source ;, Operational Control of Coagulation and Filtration Process. AWWA Manual M37.Third Edition.2011

& Metropolitan Waterworks Authority




Figure 1. Membrane filtration spectrum for rejection of pathogenic microorganisms
(adapted from [11]).
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finun : Removal of Pathogens by Membrane Bioreactors: A Review of the Mechanisms, Influencing Factors and Reduction in Chemical
Disinfectant Dosing., Faisal I. Hai 1,*, Thomas Riley 1, Samia Shawkat 2, Saleh F. Magram 3 and Kazuo Yamamoto 4. Water 2014, 6, 3603-
3630; doi:10.3390/w6123603. www.mdpi.com/journal/water 0




Table 1. Membrane types based on filtration class*

Membrane type based : : : . Typical operating
o O Typical pore size Typical targets removed pressure
ME 0.1-10 pm Suspended solids, bacteria, B i
protozoa
- Colloidal or molecular particles, 1-5 bar (cross-flow)
UF p proteins, most bacteria, partially 0.2-0.3 bar (dead-end
(1-100 kDa) .
viruses and submerged)
e Viruses, natural organic matter
- v v -
NF (250-400 Da) (NOM), div algnt or multivalent 5 —20 bar
10ns

RO <125 Da Almost all impurities, including 10 — 100 bar
monovalent 10ns

FO <125 Da o il MEPUEINES, i Osmotic pressure
monovalent 1ons

* Modified from Membrane technologies for water applications, European Commission, 7 Framework
programme, 2010 applications

1 dalton = 1.65x10%* grams : Ywitinvadansazaneuuusugadlvlvasugngu

711 : JUN YIN,2011, FABRICATION AND MODIFICATION OF NANOCOMPOSITE MEMBRANES FOR
ENHANCED WATER PURIFICATION.

H,O pore size = 0.278 nm.

i - Composite polyamide RO membranes-recent developments and future direction
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TABLE 7.2 Teixeira and Rosa examined the removal of microcystin-LR, -LY, and -LF

by NF and found good removal (>97%) of this toxin for a variety of experi-
Physical and Chemical Characteristics  mental conditions [2). The NF membrane (NFT50) used in their experiments
of HAB Toxins was a thin-film composite made of polypiperazine amide on a polysulfone/
polyester support material. The membrane had a pore size of 043 nm and

Toxin Molecular Weight ! o : o
an MWCO of 150 Da. As a result, NFT50 can be considered a “tight” NF

Microcystin-LA 910.06 membrane with pore size and MWCO on the smaller end of the spectrum for
Microcystin-LF 986.16 NF membranes. The similarly high rejection percentage of all the toxins is
Microcystin-LR 995.17 expected based on the size of microcystins and size exclusion by the NFT50
Microcvystin-LY 1002.16 membrane. The lowest molecular weight of all the toxins examined was
Microcyatin-RR 1038.20 that of microcystin-LF, with a molecular weight of 986.16 Da. Water quality
\Aicmc'\'stin-YR 1045.19 parameters, including natural organic matter (NOM) composition and salt
-y : _— concentration, had little or no impact on microcystin rejection because of the
Cylindrospermopsin 41543 ; . " .
A 165.93 predominance of size exclusion in controlling removal.

fatoxina o More recently, Dixon et al. [3] examined the removal of microcystins by
Saxitoxin 299.29

NF, including an NF membrane with a larger pore size in the loose range.
Four different microcystin variants were examined: microcystin-LR, -YR,
-RR, and -LA. Four different membranes with varying MWCO and materials
of construction were included in the study. The MWCO of the membranes
varied from 100 to 800 Da. The membranes were made of a variety of materi-
als, including polyamide, sulfonated polyethersulfone, and a combination of
polvamide/polysulfone. For microcystin, high toxin rejection was observed

HAB : Harmful Algae Blooms

for the three membranes with MWCO values of 300 Da or less, which was
expected based on the molecular weight of all the microcystins examined.
The molecular weights of microcystin-LR, -YR, -RR, and -LA were 995.17,
1045.19, 1038.20, and 910.06 Da, respectively, all significantly greater than
300 Da.

Source : Harmful Algae Blooms in Drinking Water: Removal of Cyanobacterial Cells and Toxins. Harold W. Walker. CRC Press, Dec 18, 2015
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Although not depicted in Figure 3-2, microfiltration and ultrafiltration may also effectively address
intracellular toxins by cell removal, without significant cell lysis and associated release of toxins into the
water. Operational considerations if using micro- or ultrafiltration membranes for cyanobacteria cell
removal during a HAB include evaluating backwash and cleaning frequencies due to plugging of screens
and reduced flux and permeability. Microfiltration and ultrafiltration are not effective means of
removing extracellular toxins however, as the molecular weight cutoff for these types of filters is greater
than the molecular weight of the toxins (AWWA, 2010). For further discussion on membranes, see the
“Treatment considerations for extracellular toxins” section below.

Source : Water Treatment Optimization for Cyanotoxins Version 1.0. EPA 810-B-16-007. October 2016

The following subsections describe some of the more common analytical methods for evaluating
cyanotoxins in water. The description is not all-inclusive, and the body of available analytical methods
continues to grow. When considering various methods, one should verify that the detection limit is
appropriate for finished water characterization (e.g., the Health Advisory levels for children less than six
years old of 0.3 pg/L for total microcystins and 0.7 ug/L for cylindrospermopsin). As with any analytical
method, it is important to follow the established sample collection, preservation, storage, and
preparation steps (Kamp et al., 2016). For example, it is important to quench? finished water samples
during collection if exposed to oxidants, protect samples from sunlight, and chill samples at a
temperature according to the method prior to analysis (Ohio EPA, 2015; USEPA, 2015g,h; Kamp et al.,
2016).

Source : Harmful Algae Blooms in Drinking Water: Removal of Cyanobacterial Cells and Toxins. Harold W. Walker. CRC Press, Dec 18, 2015
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Particle Size

\ i -— Yeast Cell =
_b\‘y 3.00 microns

N\ - Bacteria =
\ 0.45 microns
\ i Ferric Iron
\\ Molecule =
\ 0.001 microns

Human Hair ~
75 microns







© Copyright 2004 Cambro Lundia AB

MOLECULES SIZES

Small pore size

© Copyright 2004 Gambro Lundia AB

MOLECULES SIZES

Large pore size




Demineralization Processes

Demineralization processes versus feedwater TDS
concentrations

Electrodialysis

Distillation

10 100 1,000 10,000 100,000
TDS Concentration, mg/L

TDS(mg/Vx(1.5 819 1.67) = Conductivity(micromho/cm) 16




Classification of Water Based on Salinity and Source

Fresh or sweet
Slightly saline
Mildly saline

Moderately saline
Several saline

Sea water °

Rivers, lakes ground Less than 500
Ground, river, lake 500 - 1,000

Brackish mixture of saline and fresh 1,000 — 2,000

water, estuary
Inland and brackish mixture 2,000 - 10,000
Inland and coastal 10,000 - 30,000

Offshore waters of oceans and seas 30,000 — 36,000

a The major elements and their typical concentrations in sea water are Cl=19,400 mg/{, Na=10,800 mg/|, K=380 mg/|,
Mg=1,350 mg/|, S=885 mg/|, Ca=422 mg/|, Br=68 mg/|, C=28 mg/|, Sr=8 mg/|l and B=4 mg/l

Source : Syed R.Qasim.,Edward M. Motley.,Guang Zhu. Water Works Engineering. 2000
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Filtration CLomparison

Conventional Filtration Membrane Filtration

Coagulant :
Particle ﬂ [ParrtICIeG ﬁ Q Feed

A w

Filter @ Membrane~

Media
—
Filtrate
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v 1 1 (Y v
YAUANAIITLIININISNTINTUNUNI5N5LAY LY Membrane

n1snsasnsne(Sand Filter)

n1snsaanuu Membrane

Filtration rate = 120 — 250 m/d

Membrane filtration flux = 0.5

— 1 m/d per membrane pressure
difference(98.1 kpa)

Filtration Area

Practically < 100 m?

Filtration Area

100 — 300 m?/ fufiaads 1 m2

Filtration Mechanism
-Interceptioncn, collisionauln:),
electrostatic attractionussgamhim
-Straining only happens in
cake filtration ¢uaznon

Filtration Mechanism
-Concentration Polarization
(en3u Microfiltration(MF))

-Sieving(faiaon)/Straining(nyoq)

RO SEAWATER Operate at fluxes of approximately 14 — 20 liters per meter squared per hour(LMH),AWWA 2011
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| @wquasnTsiia Concentration Polarization

* LARINNITANNANVDIAITALAIYA)DYUURINUN membraneluusaduini
158171 Boundary Layer %’jwjﬁqﬂa'n%agja&Jﬂqaaﬁzmmmwaﬂ%uﬁqﬂa"n%
wsunffufusnnisivatazanmiutu 'mmfaLﬁaqmﬂﬁﬂazgﬂﬁ’qé’um‘éqﬂwu
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Concentration Polarization

A5l lALNISIILAIUSIVOIUNNIURLINGY  membrane  LAALAULAZAS
anndutiunusiiuianil membrane  wialUsuniusinannanlvianis

LNINIEANENAUNIagluaNAS:
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VYD Concentration Polarization

1. 195951 Osmotic Pressure Ul

2. 89 IM3lnauDelIHIY membrane SANY
3. studsulwhazaingutiu

4. BIYYD\ RO Element 3mR

5. tnamspnuanas CaCO, or CaSO,
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Membrane Mdaterials

1. Organic Membrane

— Microfiltration (MF)
— Ultrafiltration (UF)
— Nanofiltration (NF)

— Reverse Osmosis (KO)

2. Inorganic Membrane

— Microfiltration (MF)
— Ultrdfiltration (UF)

24
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WININEN Membrane Element

1. Organic Membrane

J Polyethylene
J Polyvinylidenefluoride (PVDF)-Hollow Fiber Membrane
] Cellulose acetate (CA) and Cellulose Triacetate (CTA)
L] Polyamide (ﬂmgﬁ’uﬁﬂuﬁmﬂf’i’ﬁuﬂuﬁy’u active layer)

2. Inorganic Membrane

] Zirconium Oxide ( ZrO3)
] Aluminium Oxide (A1203)
] Titanium Oxide ( TiOz)

 Polyethersulfone - Hollow Fiber Membrane, Support layer RQ

Metropolitan Waterworks ﬁ:uthority



Membrane Polymers

Cellulose Acetate

and Derivatives
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Reverse Osmosis Membrane Structure and
Composition
* Two common type of membranes:
— Cellulose acetate and Cellulose Triacetate — older designs
— Polyamide (Thin Film Composites(TFC)) - newer design

— Polyamide (Thin Film Nanocomposites (TFN)) — newer design

@ 2007)

& B Metropolitan Waterworks Authority




14 t:l
UBLEY

cetate (CA) and Cellulose Triacetate (CTA)

1. NUNIUADNITNIAWAINNWIAN Bacteria

2. NMUNUABHENS Oxidizing Agent LU CL, 613150NUAULUNYUVDS
CL, lngena 1 mg/ Tudaaaandus
3. dnA Salt Rejection 1904 95 %

4. 5901AUI19ALIBTIEUNU Membrane YUAdU Y

1. T9ulatuga9 pH 4.5 - 7 90U 7 W9 Membrane 2488
2. anunuinlylunisnsasrautregainlvduas awasey
3. nunusisaunillaliny 30 aeALwaLTYs
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4 =
UBLEY

omposite (TFC) or Aromatic Polyamide

1. Toaulaluaae pH 2 - 10

2. nulangung e 45 aeAwaldes
3. @nm Salt Rejection 19ng 99 %
4. auaun lylunisnsasndlaiaunu CA waz CTA

5. {landgniafiau/andu (fouling) AMNEITBUNTEAN

1. NMUNIUADNISYINAIYANNNWIN Bacteria lataendn CA waz CTA

2. lainumusaans Oxidizing Agent U CL, AA13LYUYU 0.1 mg/l fivaan
1,000 Falusiazvinldenne

3. 3118971 CA uaz CTA

Metropolitan Waterworks Authority




Reverse Osmosis Membrane Structure and Composition

Comparison of Membrane Characteristics

A

d c C - U - LAl (J (DU -
Net Driving Pressures: 400 psi 200 psi
NaCl Rejection: 92-97% 98 - 99%
Flux Rate at 200 psi, 77°F 25 GFD 25 -30 GFD
Operating pH range: 4.0 -6.0 3.0-10.0
Cleaning pH range: 3.0-6.0 2.0-12.0
Cost relative to tin film composite
Lower -
membrane:
Allowable feedwater chlorine
. 1.0 mg/L none
concentration:
Maximum operating temperature: 104°F (40°C) 113°F (45°C)
Salt Passage increase after 3 years 2X <30%
Subject to biological attack Not subject to biological attack
Subject to hydrolysis Higher fouling rates than CA
Most suitable for treatment of municipal Higher rejection and flux rates than CA

wastes and some heavily pretreated
surface water supplies (due to lower fouling
rate vs. thing film)

Sensitive to oxidants in feedwater




HUse CA uuy

1MUY PA 1YY

V) mwmwmm (un. /aﬂﬂuuwu)

InaEn Inagn
AUV IUADY
M) AUYU (NTU) <1.0 <1.0
V) SDI <40 <4.0
samilszneuiniluloaou
n) 11 AN (UN./an3) <2.0 <2.0
V) LUINMUE (UN./aRT) <0.5 <0.5
a) ansouiioy (Zovazveannudududud 2000 3000
9 i ou Govazvesnnudududuia 5000 3000
9) Fam n/ansluihdulassrenaisning <160 <160
AIANUAINIAAL]
) ﬂaasumﬂma (mu“lumumu) <1.0 ND

a) Anuilunsa (pH) 5.5-6.0 4-10
gungiihileugega ('C 40 45
ﬁ%ummauﬁmmmmIﬂaﬁmmﬁaamﬂ%u +1.8 t0 +2.0
Haafmazalw (Caso,) Tasiimsniinzniu 150% 150%
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° ° °
R.O. Contaminant Rejection
Inorganics CTA Rejection TFC Rejection inorganics CTA Rejection TFC Rejection
Sodium 85-90% 90-95% Fluoride 85-90% 90-95
Calcium 90-95% 93-98% Phosphate 90-95% 93-98%
Magnesium 90-95% 93-98% Chromate 85-90% 90-95%
Potassium 85-90% 90-95% Cyanide 85-90% 90-95%
Iron 90-95% 93-98% Sulfate 90-95 93-98%
Manganese 90-95% 93-98% Boron 30-40% 55-60%
Aluminum 90-95% 93-98% Arsenic+3 60-70% 70-80%
Copper 90-95% 93-98% Arsenic+5 85-90% 93-98%
Nickel 90-95% 93-98% Selenium 90-95% 93-98%
Zinc 90-95% 93-98% Radioactivity 90-95% 93-98%
Strontium 90-95% 93-98% Biological&Particles
Cadmium 90-95% 93-98% Bacteria >99% >99%
Silver 90-95% 93-98% Protozoa >99% >99%
Mercury 90-95% 93-98% Amoebic Cysts >99% >99%
Barium 90-95% 93-98% Giardia >99% >99%
Chromium 90-95% 93-98% Asbestos >99% >99%
Lead 90-95% 93-98% Sediment/Turbidity >99% >99%
Chloride 85-95% 90-95% Organics
Bicarbonate 85-90% 90-95% Organics MW>300 >90% >99%
Nitrate 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 77°F




Different material

Membrane can be classified by its material: one is organic material such as organic

polymers : cellulose acetate (CA) , polyamide (PA) , polysulfide (PS), vinvlidene
fluoride (VF),acrylonitrile (AN), etc... and another type is inorganic material such as
ceramic stainless steel etc ...

1%

i
\

Gl |
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Types of Media
Nylon, PVDF, PTFE, and hollow fiber ultrafiltration media are recommended for use in DI water
applications. Photomicrographs of these media are shown here.

Polyvinylidene-fluoride(PVDF) Polytetrafluoroethylene(PTFE) Medium shown at 3000X
Medium shown at 3000X magpnification

magnification

Nylon Medium shown at 3000X magnification Hollow fiber ultrafiltration medium shown a,
300X magnification




Membrane Construction Options

___—No Skin layer

Symmetric

AANBLOIAYANU(Active & Support)

_—Skin layer(u)
—

Asymmetric

HIASJEASJ Active & Support ICINCIIMTU

No Skin IaysVComposite layer

Composite
T3J80) Active & Support ICINCINIALU

T

L‘?]UL%JQJLU%UW’Jﬂ Crosslinked Aromatic Polyamide
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Thin-Film Composite Membranes

Polyester
Fiber
Backing
~120 um

(Support Layer)

Polysulfone
Support
~50 um

(Porous Layer)

Active (Dense Layer)

Polysulfone Layer
Pore Size
~20-30 nm

Active
Layer
~50-250 nm




{Thin Film Composite Membrane(TFC)}

“T— Polyamide ultrathin barrier

layer (approx. 0.2um)

vvvvvvvvvvvvvvvv

100000000000000000000)
000000000000000( XXI‘IIX I X)) o— Polysu[fone microporous

Support (approx. 50um)

@ % CD 8 P “T— Polyester non-woven web
d p & Carrier (approx. 120um)

& 5 Metropolitan Waterworks Authority




Thin Film Nanocomposite (TFN)

30
8 2
g 20 First First nilot First

st pil
E 15 First TFN NF installation T"N FO
TFN RO '

10 +
=
=

2007 2008 2009 2010 %011 2012 2013 2014 2015
ear

Number of TFN articles published between 2007 and 2015 (March)

o n

fi111 : A review on polyamide thin film nanocomposite (TFN) membranes: History, applications,

challenges and approaches, January 2015
| & Metropolitan Waterworks Authority




(Nanocomposite)

- zeolite nanoparticle
(Nanoparticle)

- silica particles
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(a) Thin Film Composite (TFC)

(b) Thin Film Nanocomposite (TFN)
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: Composite Polyamide Reverse Osmosis (RO)Membranes — Recent Developments and Future Directions
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Conceptual picture of probable next generation

nanocomposite RO membrane

Nanoparticle (Zeolite, CNT) embedded polyamide (200nm)

Nanocomposite (silica/silver/zeolite) polysulfone (50pum)

Nonwoven fabric (100pgm)

chlorine resistance of organic/inorganic nanocomposite RO membranes
was improved as the amount of multi-walled carbon nanotube (MWCNT)

increased.

fian : Composite Polyamide Reverse Osmosis (RO)Membranes — Recent Developments and Future Directions
A.K. Ghosh,"R.C. Bindal, S. Prabhakar and P.K.Tewari Desalination Division

'S Metropolitan Waterworks Authority




N1suUInULsentRnlunseyin (Driving Force)

Type of Membrane Type of Driving Force

RO and NF Pressure Driven Process
ED and EDR Electric Potential Driven Process
FO Concentration Driven Process

Source : Desalination of Seawater. First Edition. American Water Works Association.2011

& ._ Metropolitan Waterworks Authority




LLﬁﬂﬂﬂﬁJLLiﬂﬁLsﬁﬂlﬂnﬁzﬁﬁ(Pressure—Driven Membrane)

® | ow Pressure: Microfiltration(MF), Ultrafiltration(UF)
- fdaaugu (Turbidity) uag 9adiw(microbial)dneiivuidouluia

- l¥nsEuIUNs Sorption/Membrane tivaAuAN#15ATaN8NIUWUDY
Twln

® High Pressure: Nanofiltration(NF), Reverse Osmosis(RO)
- f3mndefiazaieluiin(Desalination)
- ANANAIUNTZANY (Softening)

- AauAusnvuidaului (Dissolved Trace)

& ] Metropolitan Waterworks Authority




Pressure Driven Membrane Processes

OPERATING RECOVERY PRIMARY

PRESSURES APPLICATION
RO 125 TO 1,200 50 TO 85 DESALTING
PSIG PERCENT
NF 80 TO 120 70 TO 90 SOFTENING
PSIG PERCENT NOM REMOVAL
UE 5TO 30 80 TO 95 SWTP
PSIG PERCENT NOM REMOVAL
5TO 15
80 TO 95
PERCENT
1PSIG = 0.07 Bar RO SEA WATER 45 - 55 %,Brackish Water 70 - 80 %. AWWA 2011
& Metropolitan Waterworks Authority




Membrane Filtration Ty pe

1. Dead end Filtration

- low energy consumption
- quickly clogging and fouling
2. Cross-Flow Filtration

- high energy consumption
- prolong clogging and fouling

Metropolitan Waterworks Authority




DEAD END FILTRATION

FEED

__FILTER WATER
MEDIA

FILTERED
WATER



Direct Flow Configuration

Feed Flow
O 'ol. .. 1‘ 0
%%e o o ,° '
..:.0 . .0.

F'lter[ Ju’p Q.u {3 .:o’.l.‘!ig

Membrane

Filtrate

Metropolitan Waterworks Authority.




DEAD END FILTRATION

Qlaia - 74

o (AIAN19YARUNEININ membrane L5157

o STUUNAMNAILADINYATUILHL)NDYIIAINRLDIN
$152tU88 membrane

o STUUNAMINIZLAULUY BATCH PROCESS

Pur R lussysy)

o [&11505NISLAUNISNSBY(Fluxes rate) WM
membrane Iﬁazh\a SUIAUD L‘fJuL’J NIUIU

Metropolitan Waterworks Authority




CROSSFLOW FILTRATION

FEED RETENTATE

coeoo (] (] (] (] @ oo @ @ 0o ..CS

@ (0] °
> O (] L (S] ° ° (] @ 0 oo O 8
> e ¢ ® *° °‘°e ‘¢ O g
T L B O B o LN oA O T TEo . AT O
P S AT L L G A el A b B i B & RO o T S B A b
N
° e o 8..8.. 8.8..8.“8..8.0
(0] (0] (0] (0] (6] (¢] e o
° ©




Crossflow Configuration

0
o0 o o 0.0 9 o
Flow = 0 ¢ . ¢ ‘ O 0 — RECYCle
%9 .' Stream

% ° P 2K g
(F::tkeer[l Jn’ o.u\‘.'.z.:o‘m

Membrane

Filtrate

| 8 | Metropolitan Waterworks Authority




CROSSFLOW FILTRATION

o iRN9ARUNEININ membrane [AEnI Uy Dead End

o fivsrAnsnmluntsmIuaunSiin Concentration
Polarization w8N9YARLARING membrane [HR

e 5NWI5LAUNISNSDI(Fluxes rate) W1l membrane
TaAaunuENBLTNIR I

8- A Metropolitan Waterworks Authority




Membrane Geomeftry

1. Sheet Module (LLUULLNL)

2. Tubular Module (LLUuUNd)
3. Hollow Fiber Module (tuutdulanang)

4. Spiral Wound Module (4uudau)

| 8. i ! Metropolitan Waterworks Authority




Sheet Module

Water Flow Purified Water

Feed Water In Membrane

Unwanted Molecules Concentrate Stream




concentrate

spacer

membrane

support

membrane

support
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Membranes Classification
(Configuration)

> Tubular Membranes (OD > 3 mm)

Mostly used in Industrial MF >




Feed

Tubular Module

Concentrate

r Module
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Membranes Classification
(Configuration)

» Hollow Fiber Membranes (ID < 1.5 mm)

Cross Section 200 ym

Mostly used in MF & UF

56




Hollow Fiber Module

filtrato

=

A)
AL/

,
Rl

©
=
=
(=9
o
0
=
- QO
>

o semyoeq

Ultrafiltration Membranes

HOHOW fiber UF Membrane—lnside-out HO"OW fiber UF Membrane_outSide'in
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HOLLOW FIBER FLOW PATTERNS

INSIDE - OUT ' ' ’ —
Feed — wmmp
)

OUTSIDE - IN

Feed =——> ! q q —>
Feed =——> ; ;

!
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Hollow Fiber Membranes

Permeate Flow

Hollow
Fiber Membranes

Process /
Feed Flow ﬂ

59




Single bore Tri-bore

Single bore (SEM photo) Tri-bore (SEM photo)

60

. Outside—-in flow
N1 http://www.hyfluxmembranes.com/




UF membranes use a blended polyethersulphone (PES]

- /
“." \A." ‘ s

SevenBore fiber technology with an inside-out flow

. 61
N1 : https://www.gewater.com/




Hollow Fiber Membrane

Feed

Filtrate

Concentrate

62




Hollow Fiber Module : Hydracap for UF (Hydranautics)

Hydrophilic Polyethersulfone










STACK MODULE COLUMN MODULE
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SUBMERGE MODULE
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Wastewater™ ree
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Equalization Tank  Anoxic Tank Membrane Bioreactor

Product Water
Tank Tank




Waterworks Business
~—/

B —
METROPOLITAN WATERWORKS AUTHORITY

msuUs:=UwAsnaav ‘ MWA

ULTRAFILTRATION MEMBRANE PROCESS
(UF)

| 8 Metropolitan Waterworks Authority




STANDARD MEMBRANE SYSTEMS

WATER QUALITY FOR UF SYSTEMS

Feed Water Parameters Units Normal Maximum
Turbidity NTU <10 <25
TSS mg/L <20 <50
TOC | mg/L ' <5 ' <15
COD mg/L <15 <30
| Total Oil & Grease . mg/L . Negligible | <1
| Total Iron - mg/L ' < 6.2
| Total Manganese ’ mg/L . <0.05
| Total Colour . Pt-Co/L ’ <10 | <20
Total Hardness as CaCO, mg/L <2,000 < 3,000
Product Water Parameters Units Expected Value
Turbidity NTU <0.2
SDI | - | <3
70

i - http://www.hyfluxmembranes.com/




DOW Ultrafiltration modules designs are based on

qualified feed water conditions as shown in Table

Parameter Unit Design Basis Maximum Allowable
Turbidity NTU <50 300
TOC mg/l <10 40
Partide Size micaron <150 300
CODw mg/l <20 60
Oil /Grease ma/l 0 <2
pH continuous 6-9 2-11
Temperature °C 25 | 40
CI2 continuous mgl I 05 | 200
TSS mg/l 50 100

i - https://www.dow.com
8. Metropolitan Waterworks Authority




Conventional

'( Bioreactor Clarifier t Sand filter
= —_—
T TN
Rl o
T ; \/
2 =
' et bt e &
Influent [ 8t Effluent
e 2 Ir' :: i M
‘ : MBR
Pre- | o o o S8 e i ey
treatment ; ' ' -Filtrati
Buffer ' Screening  Bioreactor Ultra-Filtration
i P ~
axi 'T—f"\ —

\ /

-+
|
|
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CSM

UF System Design Issues : General Design

Product
1200 m'/day
Raw Water Recirculation a
1,284  m'/day 240  m'/day | e '
) ) oy S
R 934 %
ViV 1 V/V 4
b V/VS Tank
Backwash Waste b ik :
| . 64  m'/day \
|.(-J Backwash
Raw L2228 s
T Backwash Pump i

Filtration Pump

i

»

Instant Air Flushing

[© 4

Feed Water

1525 m'/day

i - http://www.csmfilter.com

VIV 2

a Air

\/A R}

V/V 8

120 m'/hr

Drain

20 m'/day
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UF System Design

m Design Criteria

CSM

<05NTU

80~ 120

100 ~ 160

Optional

Ground NaOCl 6~12
water 1~3NTU 60~120 | 100~ 160 Optional H. SO.
0~ 10 NTU 60 ~ 80 80~ 120 7
10 ~ 20 NTU 40 ~ 60 50 ~ 90 7
Surface NaoCl | 3~12
water 20 ~ 200 NTU 20 ~ 60 30 ~ 90 3
Chl.-a 25 glL 20 ~ 40 30 ~ 60 3
0 ppm < TSS/BOD < 10 ppm | 30 ~ 40 40 ~ 60 7
—— NaOCl
e 10 ppm < TSS/BOD < 50 ppm | 20 ~ 40 30 ~ 60 3 H. SO. | 3~6
o NaOH
50 ppm < TSS/BOD < 100 ppm | <20 30 ~ 60 1
- 0 ~ 20 NTU 40 ~ 60 50 ~ 90 7 NaOCl .
water 20 ~ 200 NTU 20 ~ 40 30 ~ 80 3 H: SO.

1) This table is normal condition, the operating flow rate is different according to the applied feed water quality.
2) All operating standard is 25 T.

i - http://www.csmfilter.com




UF System O&M lIssues : Cleaning Agents c S M

Contaminants Cleaning Agent Concentration
Bacteria Organics NaOCl Up to 5,000 ppm
Organics / Colloidal NaOH Uptod %

Nitric Acid Up to 10 %
Hydrochloric Acid Up to 10 %
Inorganic colloid Oxalic Acid Upto2 %
Citric Acid Up to 10 %
EDTA Up to 0.4 %

(Steriliazation) NaOCl 10 to 100 ppm
Hydrogen peroxide Uptol %

75
N« http://www.csmfilter.com




Technical Data .~

PEARARRRARIRIRIRRRRRIR NIRRT

m Chemical Cleaning Criteria

Cleaning type On-line cleaning by SKID
Cleaning cycle 3 ~ 7 days 3 ~ 12 months
Cleaning temperature Room temperature
sooceanng | M0G:X0omat | Nacct: 2000 mot
Acid cleaning H: SO. :500~ 700 mg/L H: SO. :2,000 mg/L
T—— Cperrg 1 i e

.....
)
-
.
-
-
-
-
-
-
-
-
o
T




Membrane Materials by Suppliers

CSM

Company Membrane Module Configuration

obymer | UF/MF |  kda m - . - = orSUB | Out

Aquasource CA UF 35-100 0.01 450 1320 1200 125 PDv In
Dow/Omexell PVDF UF 20 001 165 2210 2030 47.1 PDv Out

Inge PES UF 100-150 | 0.01-0.025 250 1680 1500 50 PDv In

Koch PS UF 100 273 1830 80.9 PDv In
Memcor PP MF 0.2 150 1050 35 PDv/SUBv Out
Pall/Asahi PVDF MF 0.1 165 2338 2216 S50 PDv Out
Pall/Asahi PAN UF 80 0.01 140 2227 2210 41 PDv Out
Toray PVDF MF 0.1 200 2160 2000 80 PDv Out
Toray PAN UF 001 100 1000 10 PDv Out
Zenon PVDF MF 02-04 1750 2.54X2.1 1900 316 SUBv Out
Zenon PVDF UF 0.02-0.025 890 26X1.82 600 37-56 SUBh Out
Woongjin PVDF MF 003 194 2270 1900 60 PDv Out

77
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Commercial MF/UF membrane material

CA - Cellulose acetate

PS - polysulfone

PES - Polyether sulfone

PAN - Polyacrilonitrile

PVDF - Polyvinylidiene flouride
PP - Polypropylene

PE - Polyethylene

PVC - Polyvinyl chloride

Source : Mark Wilf, Ph.D. Tetra Tech. Membrane Types and Factors Affecting Membrane Performance




Source

Preferred UF/MF membrane materials

High mechanical strength & durability
PVDF - Polyvinylidiene flouride
PS - polysulfone
PES - Polyether sulfone
PAN — Polyacrilonitrile

Low polymer cost

PE - Polyethylene

: Mark Wilf, Ph.D. Tetra Tech. Membrane Types and Factors Affecting Membrane Performance
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m Flow Chart by Step : Forward flushing step D Valve Open < Valve Close

-

Back wash
Pump
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Technical Data .-~

--------------------------------------------------

m Flow Chart by Step : Filtration step

N Valve Open N Valve Close

i
1

S L

Back wash
Pump

TR ® D ]

oooooooooooooooooo

-

L

o -4IZ

‘ﬁlm . http://www.csmfilter.con
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m Flow Chart by Step : Air scour step D> Valve Open N Valve Clo=8

Back wash
Pump

17 http://www.csmfilter.con




Backwash Frequency Once every 20 to 60 minutes ( water source or pilot test results)

- t
TeChn'cal Da a..."BackV\/ash Duration : 40 to 120 seconds Backwash Flux : 100 to 150 I/m2*h (60 - 90 gfd)

llllllllllllllllllllllllllllllllllllllllllllllll

m Flow Chart by Step : Backwash step D Valve Open < Valve Close

-

f

“

1..

i 1

1‘
1‘.
Phi >

e
P

Back wash
Pump
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Technical Data .-

v

Back wash
Pump
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Technical Data .~ Frequency : As needed

.
*
o
o
-
llllllllllllllllllllllllllllllllllllllllllllllllll

Duration : Backwash Time plus soak 5 to 20 minutes

m Flow Chart by Step : CEB step N Valve Open N Valve GRS

] =™ =4

L}
e 4

» 2B 8
P

Back wash
Pump

N httn-//anana. cemfilter cor
¥ 1TON 1 . ll\.\.N.II VVVV VVNIJTTITITHTIVUNT N\ N\




Technical Data Frequency When TMP exceeds 1.0 bar above starting TMP (at same

o
-..
-------------------------------------------------

temperature).  Duration : 120 minutes (recycle and soak) or longer

B Flow Chart by Step : CIP step D Valve Open [D><{ Valve Close

@« & «
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91115529952 UU UF

1. AMATWUNNEINTB(Permeate Water) 3n1g

Juilaugedu 1wy ANnuYugedu wuaiiseduiau
< 4

Wunu

2. AUAUYRNUBY (Feed Water Pressure)

anad 91n15uz AUl ANSAINTN1ISSIAaUT19UIN

3. A1 Transmembrane Pressure Difference

4]
v

(TMP) anad 8101545 iunsais21ias
= Metropolitan Waterworks Authority
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Qdd

?ﬁﬂ’]ﬁﬁ'ﬁ’)ﬁ]L?JﬂE]’]ﬂ’]'ii’HlE]\‘l'i‘”UU UF 959 1

1. U5U Mode n15 Operate tUunuu Flushing wazwgn
3¢UU Automatic

2. Yassudau(Feed Water) 1 015suuUsUanansInNig
wagna8mtduite s anniuly lenanAdy
s¥AUNIASOU

3. UYaawau (Air Scouring) M52UUUSUANINTINTTL1AE
Y ¢ v o =t ) v Y, Aa Y =
argamudnay waldlwaudrunninuld Tinawatiay

W2491MANIAISINATUUUNIATDU
| 8. " Metropolitan Waterworks Authority
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m Flow Chart by Step : Forward flushing step D Valve Open < Valve Close

-

Back wash
Pump
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35A1391523LADINITSIVDITEUU UF

1. NSAINANIT52AUVIININ UaoeiNae19LAgILAY

2. ASAININ135211a8 Usaauiagafgraziiulutniay

N155LLA7

v I Y = < Y
AIUAR8aUNYAIATLIAUNITIA

| & 1 Metropolitan Waterworks Authority




Qdd

?ﬁﬂ’]ﬁﬁ'ﬁ’)ﬁ]L?JﬂE]’]ﬂ’]'ii’HJEN'S‘”UU UF 950 2

1. ‘Vi‘é,!ﬂﬂ’]'iLaU'i‘?u’UU basEgnNIcuUU Automatic

2. UamaLauua9l1 Concentrate

3. 1UaN1IASOU UF Membrane Module aMuUu

4. Yanway (Air Scouring) 1W1szuuUSUandNIINT5 YA
a1 amuUNay Ysuuseaului 1 bar wivalaldauidi
ynAuly Tnauaunea1n1ANSASINATUURNIASaU

5. T9a188192A U1 T UUUNIU129NVR9 UF Membrane

| & 1 Metropolitan Waterworks Authority
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UF Membrane Module anuunaann1asauaanian




Uaaeay (Air Scouring) nszuUUsUanansINIsinanlgaviiduay ysuussaulud 1 bar

=
i
.
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e (W ULTRAFILTRATION FIBER REPAIR 1

ULTRAFILTRATION FIBER REPAIR 2

DOW ULTRAFILTRATION FIBER REPAIR

ULTRAFILTRATION FIBER REPAIR 3




T DUy UnaIiIunLeng,

F
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N1SLA9N52UU UF

N5 flux rate MUUIZEY

UsTUULIa198gauUnayu (Backwash)

= | v v = | = | v v

15 UVA19M8LAN CEB 4198 N15a19078 manual
IszuUang CIP

UszuuLUIal VOLZa198aUNAY

oD Metropolitan Waterworks Authority




n1siaanldnsaedanlunslylu UF

Key Features — PES vs PVDF

Properties PES PVDF
o 0 T
o£0-010] 344
Hydrophilicity Excellent Good
Hardness (Rockwell M) Excellent Good
Tensile Strength (MPa) Excellent Good
Water Absorption (%) Very Good Moderate
Low pH Tolerance Very Good Excellent
High pH Tolerance Excellent Very Good
Oxidant Tolerance Good Excellent
Material Cost Moderate Moderate-High

Tunsidenldlunsudnunaesianasdanld PES material iudAsy 1wsie pH g

Wasanlunanadl n1suan PVDF Wudiuiuuin edsnanisidnlalunisidan material fWn.

**$1311 970 material membrane technology website.

A

Metropolitan Waterworks Authority




n1siaanldnsaedanlunslylu UF

Advance technology in market: PES “Reinforced” Hollow Fibre

e

|
> S

L]

. ‘ ! .
" Fe "’-\ L$\ '
e | $$Q\¢ _‘.\ ~ '

i
g

JagUuiiniswaiun 11 reinforeced %30 WivgALUINU membrane vaidy wadasnudulavin

s - http://www.hyfluxmembranes.com/
\AD | Metropolitan Waterworks Authority




NSLaaN5N15N504

Key Feature: Outside-In Flow Direction

Inside-Out Outside-In

Q

UNN15N59U82NI I UTUIUALEU TaMVINAY

=D

3

19YINANUEZ 1R8N AIYEL

nsasldvee 1
N http://www.hyfluxmembranes.com/

_ & Metropolitan Waterworks Authority
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Flux Retention (%)

100 Outside-in @

\ Inside-out @
80

60
40

20

0 100 200 300 400 500 600 700 800

Operating Time (hour)
Flux performance graph of outside-in vs inside-out membranes

i - http://www.hyfluxmembranes.com/
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|Z| ™ AR CRAE Kristal Calculator V0.3 (Locked).xlsx - Microsoft Excel — O X
Home Insert Page Layout Formulas Data Review View Acrobat 6@ o @ =%
2 Dz Inea
[ % Calibri * 11 vl 4 v = = __ oS = Wrap Text = El ] g™ Insert > - r\ 7 %
L 2 - A A = - =3 “"é "3’( o* Delete @' 71
i B E B i= = e Cants w: D «.0 .00 Co ona orma Ce Sort & Fi
Pafte s’ B 7 U o 2 : - - S ;’3 et tla 2 i b Forrr;daltttlmr:‘ aET;E;&t St,'\:e! EjFormat =Pz Fikt!:r SF::edct&v
Clipboard & Font Alignment Number Styles Cells Editing
V110 - (= £ v
A |B] ¢ D 3 F G H I J K L M o P Q R s | T U v w_[xH
1 KRISTAL® MODULE SIZING AND DESIGN SUMMARY H)/ff ux
2
3 Basic Information
4 K|
5 Client company name: 1] Project Code Revision no
3 Client name: 0 - -
7 Client code: =
8 Client address 0
9 Client contact number: 0
10 Client email address: ]
11 Date of enquiry: 0January 1900
12 Project name: pornsak
13 Project location: 0
14 Design capacity ( Product ): 100.00 m3/d basedon 23 hours operation.
15 Final application: Drinking water
16
17
18 UF Feed Water Quality Summary
19
20 Water type: Surface water (river/ lake/ reservoir) Further specifications: 0
21
22 Parameter Units Values Parameter Units Values
23 Turbidity NTU 20 - 0 4]
24 Total Suspended Solids (TSS) mg/L 22 - 0 0
25 Total Organic Carbon (TOC): mg/LC - - 0 0
26 Chemical Oxygen Demand (COD...): mg/LO 25 - 0 0
27 Design temperature: °c 25 - (o] 0
28 Oil & grease (emulsified): mg/L o] - 0 (4]
29 _ A - 0 o Y
M 4 » M| Basic Info & Water Quality Op Parameters & Module Szing | Summary /%2 []4] i | » i
Ready | Average: 6627577696  Count: 79  Sum: 1590618695 |[EB|@ M 75% (=) U= on

T
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KRISTAL® SYSTEM SCHEMATIC DIAGRAM

Feed influent: m3/d

Instantaneous concentrate flow: E] m3th Instantaneous filtrate flow: EI m3th

" ssssssse D HCI (37) consumption

ﬂm]] m3! month UF skid
------- ‘.O NaOH (S04) consumption 6| modules (total)
. [ 0.001] m3t month 2| skids (total)

....... D NaOCI(10:4) consumptionn

0 003| m3! month
CIP tank size
m3 ...........’ Filmte
production:
L [ 100]m3/a
Air consumption: Nm3f d
CIP pump Backflush pump
Min. CIP pump capacity: m3th Min. backflush pump capacity: 36| m3th
Min. no. of backflush pumps required: 1 no.s
Feed pump Micron pre-filter
‘ v
TOTAL dlscharge

iy |

Backwash discharge: 2
Min. total feed pump capacity! instantaneous feed flow: E m3th CIP discharge:

m3/d } [ 28]m3yd

m3/d

o

i - http://www.hyfluxmembranes.com/
Metropolitan Waterworks Authority.




“TORAY”  \{EMBRANE
Innovation by Chemistry

Projection Software for PVDF Hollow Fiber Membrane Module

"HF-Series"”

User Name (ZFEEE): Pornsak
E-mail Address (A—=)L7FL A ) :mr078883@mwa.co.th

Calculation (51E34T ) | Clear (&%)

Project(ZO> oK)

Project Name
OV oS

Product Water (m?3/d)
E£EKE (m¥/B)

Product Water (m?3/h)
£EKE (m*/ER)

Water Category
[FokFER

Coagulant

BnEREE

Toray Maintenance Cleaning (TMC)

|Pornsak

| 60000.00

2500.00

Surface Water

Without Coagulant v

With TMC (1time/d) V|

07




Permeate Water Quality

Initial Clean Water Flow Rate 39.5 gpm (9 m*/h) £10% @14.5 psi (1 bar), 77°F (25°C)
Typical Process Feed Flow Rate 26 - 35 gpm (6 - 8 m'/h)

Typical Permeate Flow Rate 18 -31gpm (4 - 7 m'/h)

Typical E. Coli Reduction 5-6log

Typical Filtrate Turbidity <0.1 NTU

Typical Fitrate SDI <3

Typical TOC Reduction 15-20%

i - http://www.hyfluxmembranes.com/

_ & Metropolitan Waterworks Authority




Ultrafiltration
System

& __ Metropolitan Waterworks Authority




Membranes Classification

(Configuration)
* Flat Sheet (Spiral-wound)

Mostly used in Reverse Osmosis

& Nanofiltration -

Metropolitan Waterworks Authority




SPIRAL WOUND MODULE

Spiral-Wound RO Module

Feed Water

Feed Spacer

Permeate
Carrier

'\ Glue/

Membrane

Product

RO Membrane

Feed Water

111

245

ngs

EY m C.m.

.m £2a

ge0o s

atV dm

2
N

..f‘l.‘..“..

g

Membrane

Membrane
envelope




Spiral Wound mbran S
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DESIGN

CHARACTERISTIC  Spiral- Hollow Fibers Tubular Plate & Frame
Wound

Cost Low Low High High

Packing Density High UF-High Low Moderate
RO Very High

Pressure Capability High UF-Low UF-Low High
RO-High RO-Medium

Membrane Polymer Many Few Few Many

Choices

Fouling Resistance Fair UF-Good Very Good Fair
RO-Poor

Clean ability Good UF-Very Good Very Good Good
RO-Poor

Metropolitan Waterworks Authority




ndJoNAUNIALNANadn1siBad1mMsuanaTnnssucind T

Advantages

Disadvantages

Applied areas

RO

It can removal ions.
Salt in high removal
efficiency

High cost ,short using
life Backwash
frequently ,fouling
problem

Semi conducting

Pure water plant

Ion recovery in industry
wastewater

NF

It can removal of
required  organics,
bacteria or viruses,
and provides salt
rejection from 50%
to 90%

Cost relative lower
than RO,  fouling
problem, short using
life

Concentrate and
partially
demineralize liquid
whey . Partial ion
recovery

UF

It can treat ground water
,separate selected component
from mixed solution, low
pressure .Pretreat influent
before RO or NF

Middle cost
Clog problem
Short using life

Water and waste water
treatment . wildly applied in
food, pharmaceutical
chemical industries

MF

It can separate selected

component Relative
long  life  Pretreat
influent before UF

Low operation

pressure.low cost

Clog problem
it can’t remove small
particles

Food industry
Pharmaceutical
Chemicals separation
and recovery as well as
concentration of
hazardous waste from
wastewater. Oil
removal.

119




> Reverse Osmosis Systems
: \ System technology and

operation parameter




298luda (Osmosis) wmﬂﬁamsmﬁ'auﬁ%Lﬁﬂﬂﬁutm
ANUSTTUYIRVDIUNENULD D LUNLUTUUN9 Y (Semi
Permeable Membrane) 31nd15a2a181393191U8
dnsazansidudy audesldinisluavesitriude
wausuIUnsEnsaeaauaad(lifinislnadn) seduiin
Tugrudredaduarsazarsduduazgendrseduin
Fruvndaduindears narievesszauLniisendn
WSIAUDaELNYE (Osmosis Pressure)

&, i Metropolitan Waterworks Authority




® Osmosis — Normal flow from low Tfo high concentration

} Osmotic
_ ) Pressure

Membrane

Concentrated
Solution

44— Fresh Water




padludagaunau(Reverse Osmosis) BULNILTIAU
NABuandsliArgenituseiueeasluda (Osmosis)
nszvidaduntansazaneduty  dhezlvadeunau
Fadunisdunisivanusssueid  33n15iIAINs
dranldifeusninesnannansazaneitudumie

8 ' I Metropolitan Waterworks Authority




e Reverse Osmosis — Flow reversed by application of pressure to
high concentration solution

Membrane

—>
-y  Fresh Water

Concentrated
Solution

—===5




Reverse Osmosis

 force water through membrane
* removes many contaminants




OSMOTIC PRESSURE (P )

THUMB RULE:

P_ = 1 psi(0.07 Bar) per 100 mg/l TDS

= 10 psi(0.7 Bar) per 1000 mg/l TDS
Example: Osmotic pressure will be 25.5 psi of a
solution containing 2,550 mg/l TDS.




OSMOTIC PRESSURE (P)

ACCURATE CALCULATION
P =147 * C*R*T

where C = Solution TDS in moles/I
R = Gas constant
= 0.08206 (l.atm/ K.moles)
T = Temperature in degree Kelvin
= "C+273) °K




OSMOTIC PRESSURE (P)

Example:
PO= 147 * C*R*T = 23.76 psi

where C = 0.065 moles/1 TDS
R = Gas constant
= 0.08206 (l.atm/ K.moles)
T = Temperature in degree Kelvin

= (30 +273) 'K = 303 'K




MEMBRANE PROCESS

Back Pressure

FEED i / ‘ PERMEATE
h /
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Water and Salt Passage

PERMEATE

High

Pressure

OO0 OO0OO0OOO0OO0OO0O0
OO OO0OOO0OO0OO0OO0O0

@) OOOOOO%

O O OO OO0 O0OL

Pump

GONGENTRATE
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Net Driving Pressure (NDP)

WsNeUTULAABUANS (NDP) Ad wsasuniagnasuaneai

AlANBNNUSTY BNy wseswaisvavintou(Feed
Pressure)uaziinuu(Concentrate Pressure)va«iuy
L‘U’iua‘ué’amt’i\‘ié’uﬁ'}ﬂia\‘i(Permea’re Pressure)llagau

61"3mwaﬁuaaaiu%umns'm(Osmoﬁc Pressure)

ATHAULANAINNIULNNLUSU(TMP) A AINLANEAINYDNLSIE Y
Laﬁﬂ%a\‘lﬁ’lﬂau(lzeed Pressure)Ltagﬁ’l%’u(Concen’rra’re Pressure

ﬂla\‘imuwiuauﬁ’wLl,ix‘lﬁuﬁ’m’ia\‘l(lz’ermea’re Pressure)
_ & Metropolitan Waterworks Authority




‘Driving Pressure (NDP)

NDP = P - P - P

fc avg p osm

Where :
NDP = ussauduinaiaugnsadg (psi)

B, 0 = wstnuihdaunazinduade (psi)
(P, + P}
2
= ussauudau (psi)

LT

v/ sg v .
LIIAUUIVU (psi)

-

4]
24-Dec-1 7,]

& N Metropolitan Waterworks Authority




Drivine Pressure (NDP)

P L39AUUINTDN (psi)
N T . nsed bar = 0.07
> = usinuaadluwd (psi) /'
(Cf T Cc) ]
~ TagUszanad = x| —
2 100

G = AINUNIYU TDS vasurtdou (Hadniu/ans)
C AULUNYY TDS vastvu (Hadn3u/ans)
C

n
24-Dec-1 7,]

8- B Metropolitan Waterworks Authority




.: Average Net Driving Pressure (

Equation :

N D Ijlst Inch T N D I)Last Inch
2




ibrane Pressure Difference (TMP)*

* For Crossflow mode of Operation

TMP
Where :

TMP = AMUGULANAINNIUNNUSU(PSI)

P = usswudeou (psi)

v ¥ g ,
= BSAUUNUU (psi)

L39AUUINTDY (psi)

"BKU QKU
||

IMP=F - P For Dead End mode of Operation

135

n
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S,

PERMEATE

] ——
J ——
— = 2"9 Stage l

1% Stage
] REJECT or

P, = 230 psi CONCENTRATE

C, = 1000 mg/l

P = 200 ps

C

C. = 4000 mg/l

C




g19nN15A1U0e NDP (519)

Equation 1 :

(Pf +Pc)
2

fc avg -

LNUAIAT lUdunIs 1 :

1]3% e = (230 psi+ 200 pSl) _ 215 psi

Equation 2 :

& B Metropolitan Waterworks Authority




819n15A U0 NDP (619)

LNUAIAS LUEUNIS 2

P - (1,ooomg/l+4,ooomg/l)xoﬂ1 _ 25 i

osm 2

Equation 3 :

NDP = P - P - P

fc avg p osm

LNUAAI LUEUNTS 3 :
NDP = 215psi — 15 psi — 25 psi
NDP = 175 psi

8- ) Metropolitan Waterworks Authority




A29E19N15ATUI TMP
Equation :

TMP = / <7 _ P | * For Crossflow mode of Operation

LNUAIAT lUEFNNIS

P, = 230 psi
P = 200 psi
P = 15 psi
yp — (230+200) s
2
=200 psi

& B Metropolitan Waterworks Authority




Normalized Permeate Flow (NPF)J

sms1n1sluavaviinsaiignifisua (NPF)  1ilaszuu
RO/NF dhilusiag agiidasinisiuavavinnsasamiie anu
AnzeawsuIAuszUUvaanvgll usaduinllou usesuan
SM5IN15HIIN I anduAU(recovery)lazAMNIT T UV LN D
lutiallau devrntdunininnsesiivsuinanadlasiianioe
NISLAUSEUUANLANRAANINHASTIUASNSUALANUNT DD AE U
fiaturindasinisiuavevinnsavigniisuA1(NPF)anas
dru1n vouuzinliiiAIudranadl19a15IANl JuARNDuY
NLUsUags1eduanisanavedaiiieddgylinses
az 10 — 15 \iaIAgUiUAITNUgIUN 2 WSo 24 Falag 1o




Normalized Permeate Flow (NPF)

Equation :

NDP, .
NPF = QO xICF __, x Sart \xMC
? (2O NDP
B today
Where :
NPF = aasnsivavasiinsasiignineuan (m*hr)
Q, = sanmilvavestinsesiigausgiusseinid (m’/hr)
ICF .. = dulseansuTunigaumndl iiveliiiguainunisiussuuin 25°C
(257 C) 3 (Y
NDP, =~ = ussiuduiadeugvslusznitinmsizuduiiuszuu(@snfediiiaula
Y99 24 D9 48 F2NUWINVIINSLAUIEUY (bar)
NDP = uwsenuduindeugnsluvaeinin (bar)
today 3
MC = dudssansnisuaiivaamanusuvisedulszansengyde Yeuan,

aﬁﬂlwaidqﬂmyjﬁmuﬂlﬁ MC = 1 (membrane compaction factor)




lWUsadanndneanuausuaglian TCF Tusuluuvainiswisasuns

Find the temperature correction factor (TCF) from the table Below.

Divide the rated permeate flow at 77 degrees Fahrenheit by the temperature correction factor. The result is the permeate flow at the
desired temperature.

Feed Water Temperature Feed Water Temperature

Correction Factor Correction Factor

°C °F °C 5

5 41.0 2.58 18 64.4 1.29
6 42.8 2.38 19 66.2 1.24
7 44.6 2.22 20 68.0 1.19
8 46.4 211 21 69.8 1.15
9 48.2 2.00 22 71.6 1.1
10 50.0 1.89 23 73.4 1.09
1 51.8 1.78 24 75.2 1.04
12 53.6 1.68 25 77.0 1.00
13 55.4 1.61 26 78.8 0.97
14 57.2 1.54 27 80.6 0.94
15 59.0 1.47 28 82.4 0.91
16 60.8 1.39 29 84.2 0.88
17 62.6 1.34 30 86.0 0.85

ANMNS - "

ovo = 1o

22

Where :

142
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A18819N15AU NPF

NuamYLsumuuaA TCF sl

\

OF OC TCF
86 30 0.887
77 25 1.00
68 20 1.132
YA INNIILAUSELIL Reverse Osmosis
Parameter Startup Today
1. P; (bar) 14 13.3
2. P, (bar) 1 1
3. P. (bar) 12 12
4. C; (mgl/l) 500 500
5. C, (mg/l) 8 8
6. C, (mg/l) 1200 1500
7. Q, (m3hr) 150 150
8. T; (°C) 20 30
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NPF at Startup

Equation ATUUKT NPF:

_NDP _
NPF = Q xTCF, St \xMC
- C) ND])today
Equation AT1284%1 NDP:
NDP = Pfc we T Pp - P

JuABUT 1 AUl NDP start:
o - (14+12j_1_(500+1zooj*(0.07j
2 2 100

NDP = 11.41 bar

144




NPF at Startup

JURDUT 2 AU NDP today:

vop - [(14+12)_,(500+1200,(0.07
2 2 100

NDP = 1141 bar

JUMBUT 3 WUA1 NDP start waz today asluaunis NPF:

. NPF at Startup

NPF = 150(m3/hr)*1.132*(ﬂ'jn*1

= 169.8 Wl3/h7/' 145




NPF at Today

Equation ATUUKT NPF:

_NDP _
NPF = Q xTCF, St \xMC
- C) ND])today
Equation AT1284%1 NDP:
NDP = Pfc we T Pp - P

JuABUT 1 AUl NDP start:
o - (14+12j_1_(500+1zooj*(0.07j
2 2 100

NDP = 11.41 bar
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NPF at Today

JURDUT 2 AU NDP today:

L _ (13.3+12j » _(500 + 150())*(0.07]

2 D 100
NDP = 1095 bar

IUMDUT 3 WUA1 NDP start waztoday asluguns NPF:

.". NPF at Startup

NPF

150(m3/hr)*0.887*(11'41j*1
10.95

138.6 Wl3/l’l7‘ 147




WSsueguan NPF Start wag Today

NPF start 169.8 m’/ hr

NPF today = 138.6 m’/hr

LA AN 1NS lavasuInsasiiatanadiiauly

24
Yo A

WS gus lanail

3
_ 100 — 138.6(m3/hr) £100
169.8(m” / hr)

— 1837 9 (Design Criteria : 10 — 15 %)

LUz lBRIAIINAT D188 19d41SLAR "




[ﬁﬁ’]ﬁ’ﬂm’mﬁhﬂ 6| lUSZUU Reverse Osmosis]

%4 ]
o

1. Feed water ADUINEWUI52UU RO IWINAAUINADINTS

2. RO Product %198 Permeate A3UIMKIUN15N58990 RO

3. RO Reject, Concentrate, Retentate %38 Brine AaUINLBEDINNNITNTDI
RO wazdinnududuvasansazaiy (TDS) g9

4. Recovery Rate f® ans1dauUasiguRvas RO Product iU Feed Water
19U S2UU RO i Recovery Rate 70 % #%u1894 &4 Feed Water t01ld 100
d9u a2ld RO Product 70 d9u 3n 30 dauty RO Reject

5. Percent Salt Rejection f® UIUUBSIGUATN RO membrane  @11150
dnaLanansazanalila Wi Feed water 8 lotRan 100 d9u Tu RO Product
1 loReuLas 5 94 A9UU Sodium rejection A1 95 %

&, Metropolitan Waterworks Authority.




6. Pressure Vessel Ad YaA214aUa1%15ULd RO Element 1ian1n15n5a9un
dvu1nusIglanens 1 89 7 Elements Jaan1ae PVC, Fiber Glass %30

Stainless Steel

7. Stage AR IMUUATINUHaNIUTZUU RO

- Single Stage Mu1889 W lwanIUusEUU RO ASILAYY
- Two Stage 1989 UlHaNIUTZUU RO 689A59

=] < . . = =2 . !
F991932LUU Brine-staging 44%l8049 reject 31N stage LLINANEN
W lUlu Stage Nidae LWaLY recovery rate

308199201 Product staging W9¥u1w09 RO Product 310 Stage
1 Vv dl Aﬂ. % QI g
wsngnaatnlulu Stage Nsag LilavdinasazagNUIY

150

& Metropolitan Waterworks Authority




- %4
Q/

NP IIUIU pressure vessel WSBUMIY RO Elements NARAG
DugnuazinnuSuNusiuNT Staging
PIDEIILEY .
=9 S G o =
- Array = 2x4,0 #1809 RO 9nutUu single stage A pressure

vessle 2 YRNY 4 element

=

- Array = 3x5,1x4 wa1gds RO ?;ﬂ‘ﬁlﬁu 2 stage pressure vessle Tu

stage 43N 3 YMINY 5 element uazlu stage hEDy 1 iR 4 element
- Array = 3x5,2x4,1x3 3By RO 4nill 3 stagewnzdi pressure vessle [y
stage 13N 3 YM)VT 5 element Tu stage hoy 2 YMN)8C 4 element uazly

stage Py 1 YMIL 3 element

e YAuay RO Pressure Vessels gNanusINNgunUUae
AnmuatlulAsus095U (Supporting Frame) whgniid sl Array 3,1 9ggn

-4
Q/

Anmuatly Bank theaiu
A STUUFINSUNIINAINNELDTIM RO Elements &4

g1asgAnRvagiuRRRusyUY RO yiaatadiusyuusadouduinuliie
HBUNISYNANINFTDIN 151




! uPVC DN2' PERMEATE |
| I
| |
| |
| 2 DN.2 |
12 L
| | “ WPVC DN2* CONCENTRATE DN 112" |
| | |
| | |
| | 2 ye ) I
| 19 E 13 E | ltem | Description Qty. |DN.  [Supp.
| e 1 —) I 1 Pre-filter 1 65
: | : 2 Pressure gauge 2 65
| M UPVC DN.2* | | 3 Soliniod valve 1 65
N\
I [ I 3.1 Check valve 1 65
|
: e, 10 : | 4 Pressureswitch 1 10
o
| T ” " " ” | i“ 8 T | . I 5 Thermometer 1 8
1 2 s 2
| 1 SUS304 DN 3" | 2 J 6 é 1 El :Q-_ | % | 6 High pressure pump 1 80
H z
| @ | " " " ” | |-E— Xu i § | § I 7 By pass valve (ball valve) 1 25
| i |
susoN 1 12 5 8 Pressure gauge 1 65
! ' [ - o ¥ I !
I | I: 2 | ¢ | 9 Pressure vessel 4 8
Vi 3
! ! o B ] oy : | 10| Werbrore 0 | s
: : : : 1 Conductivity meter 1
| | 114° | | 12 Control cabinet 1
| | | | 13 Flow meter 2
: II l : 14 Electric actuator three-way valve 1 50
I I : | 15 Ball valve 1 40
| - r--—-7""""">"/"¥"7"»"/""/""/"""/""/""”"7/""/"7//"7"7 | 16 Flow meter 1 0-10
| I
17 Three-way valve 1 40
| +_ 10 |
18 Cleaning tank 1 750
| I g
| CLEANING LINE é W PVC DN.2" 18 | 19 Level switch (high) 1
- ‘(: ) 2
[ urieon? S/ : 20 Level switch (low) 1
| CRN8-40
| 7 | 21 Ball valve 1 25
- - - - [11 _ ____________ | 22 Cleaning pump 1 50
23 Angle seat check valve 1 50
24 Sampling ball valve 5 15
25 Solenoid valve 1 25
REVERSE OSMOSIS 20 M3¥HR
TITLE
o, DATE Revers Osmosis
APPR Capacity : 20m3/hr
CHECKED
sl RAWING N:
JRACED b GNo




CONCENTRATE EXIT DN40

PERMEATE EXIT DN50

3000 » > O

_ IIU:DIW ‘ /1
é o) ; H H
% T I
<
v v O‘ < 4 v
A & i o)
O £ £
H £ Z H
© — 8 g PRESSURE VESSEL
g .
z
CIP.TANK g 8 = 3 M L °
3 2 - ki
: 2
&
£
&
3
¢

L\ ch
=
:%

N

5
[
J_:
o
\]
(@)

‘ 1200 ‘
CLEANING PUMP r ™
6200

1110

[ \w\ |1 [ 1 = H
l N\ \
:mi@gu L] L] v ] U_v
\

7740 SIDE VIEW

FRONT VIEW

FREEPLACE FOR MAINTAINCE ca 0.8 m.

FREEPLACE FOR MAINTAINCEca15m

1500
[T [ [ [T 1T
jﬂ:ﬁ FREEPLACE FOR MAINTAINCE ca 1.5 m.

1500

ﬁﬁ
=\

RNV

J

' emtying

RAW WATER CONNECTION DN80

FREEPLACE FOR MAINTAINCE ca 0.8 m.

TOP VIEW
X Date Revise D PI-Diagram
Title REVERSE OSMOSIS CAPACITY 20 M¥HR
Flow Diagram
Drawn Drawing No. D
; Shop D
Project Approved Code No. D p Drawing
Scale Sale Man D As-Built
Design Technician D Schematic




Definition of Flux
.

® FHS5WBUINTUNIUNNLUSU BOWNTUDRITINISIMRYDFDNRIENUN
UDI UM USU

— Cubic meter per sq meter per hour (m/hr)

- Gallons per sq ft per day (GFD)

- Grams per second per sq centimeter (gm/cm?-sec)
® 56]%"1L%’J?JE]\ﬂ‘i:lé’lﬁNﬂﬁiﬂﬂ11uﬁiuﬂ1‘iﬁ']ﬂ?1us‘\l$ﬂ1ﬂL%J%JLU‘J‘L!

Feed water Source Flux Rate, GFD

Industrial/Municipal Waste 8-12
Surface Water 8-14
Well 14 - 20




Calculate Flux Rate

Known Unknown

Permeate Flow, GPD 1,330,000 Average Flux Rate, GFD
No. of Vessels 44 (33 + 11)
No of Elements 6

Membrane Area per 325
Element, sq ft




Calculate Flux Rate
«

1. Determine total membrane area in the system.

Membrane = No. of X No.of x  SurfArea
Area, Sq Ft Vessels Elements per Element

= (44 Vessels) x (6 elements) x (325 ft?/element)

85,800 Ft?




Calculate Flux Rate
«

2. Calculate average membrane flux rate for

system
Avg Flux = Permeate Flow, GPD
Rate, GFD Membrane Area, Sq Ft
- 1,330,000 GPD
85,800 sq Ft

15.5 GFD




NANISNUVBITSYSLIAINIILAUTSUUNDNITANAIVD

membrane flux rate

—1m

= FXx

o

1,
1

o
Il

= FLUX irandlaqiu T,

-
Il

= FLUX fLl2a130aussuy T

U/

ArduUsEansn1Isanadvadnn FLUX

Adannd

W\]’]ﬂﬁdﬁ\laﬂ membrane)

3
I

Metropolitan Waterworks Authority




ADENIINANIENUVDITLYLLIAINITLAUTZUURDNITANDIVDY

membrane flux rate

1.0 971319
1.0 U (365x24 F219)

3. membrane flux rate ﬁt’amﬂﬁ)ﬁ)‘ﬁ’u F = 9,500 gpd

1. L85 ULAUTSUU T

2. 13a1Jaquu T,

4. ANFNUTERNENN5ANAIYRIA FLUX = -0.02(1nE{NER)

AU FLUX(F) faandaqiu T,

DRk
F = Fx|l—

&, il Metropolitan Waterworks Authority




J

UNUANAS IULENN1SAL AR

F =

T
|

(1x365x24)

—-0.02

9,500x

8,443 opd

1

Metropolitan Waterworks Authority




What means Recovery ?

KU TUDRSIFINYBUSUIRSINRL DI ANNE R LA FaUSHIRSUIRUN
Tinam

Recovery = permeat flow [m3/h] x 100 %
raw water flow [m3/h]

WUAILIUBNFINSTOUSUYDILUY wwiumwﬁmﬁ*u NTBIR

Q/

PLUSNNNARD Recovery rates :

1. AMMWINRLBIRNABINMSNER

2. USunmusnsazaenuudaulusifu




Recovery = premeate flow in relation to
raw water flow

100% raw water =) 75% permeate

/ \
/
~_

concentrate recycling

25% drain to waste

162




What means salt passage ?

o WNYTUBNTIFINYDIA I DNTUTITRL A LT HIULNNUTUUY
dounnfuinazainsanuiiudusisazatefiuiuindn
e duasidus Fuazuousnien19329uaIsaEa Iy MY
WNUSY  WzaIRTinanaanunlfRIsiia salt passage B

Salt passage (%) = Permeat salt concentration x 100

Feed salt concentration

Salt rejection (%) = 100 — Salt passage

163




\\ Concentration Factor (CF)

ncentration Factor “u1e99 AMaUUSLANTAMULYNTUIN Ly T

595UNYEAEIUVRIAMUVNTUIUUI U UR DUV

uation :

0,
0,

2M51n15 Wavasudndau (m3/hr)

NSNS avasu1ty (m3/hr)




™ "
| Ll

W\  Concentration Factor (CF)

uation :

TDS Concentrate Water

TDS Feed Water x CF

|

ere :

S Concentrate Water = AMULUNTYUYDIFEITAZA1INIIAUN

. YUY (Mmg/)
S Feed Water = AU VUVDIFITAZANIININAUA

vasuntlou (mg/l)




A19819N15ATU0d CF
PERMEATE

High
Pressure

Pump
GONGENTRATE

CF =7




)? 4 /) | —
<’(’ = Z%mamﬁmsmmm CF

o, =50 m’ | hr

PERN{EATE
v SR
| = 2" Stage l
t
15 Stage REJECT or
CONCENTRATE
CF=7 O = 25 nilhr

TDS Feed Water = ? C. = 4000 mgl/l




! —:7*— 1 2 | [
\ T 9RIINIMATRIUINIUNIDULINLUTY
a Pk "
Feed Gonec.

Permedte

DRSNS M AAVDIUN UM DULLULUS ULA AL DU
Uszael 5 — 15 % Ue9uU1 Feed Water




Installation of membranes

brine flow and permeate flow are the same direction

1 end plate permeat body open
2 Spacer

3 module No.1

4 intferconnector

5 module No.2

> 6 element adapter closed
7 end plate permeat body closed




Membrane Design

MSDBNUUUAISHIITONURNLNUARI

1. Membrane Filtration Flux

0.5 — 1 m3/d.m? per membrane pressure difference(98.1 kpa)
2. Water Temperature < 45 °C
Water Temperaturel water viscosity? membrane filtration flux |

Water Temperature T water viscosity Y membrane filtration flux T

3. Transmembrane Pressure Difference

membrane filtration flux T Transmembrane Pressure Difference TTDS in Permeate T

membrane filtration flux + Transmembrane Pressure Difference {TDS in Permeate

4 Recovery Flux(L/m*>.hr) = A,(P,—P)
A, = membrane permeability coefficient(dim entionless)
5. Water Qua | ity in P ut P, = the transmembrane pressure(TMP)(kPa, | psi))

P =the osmotic pressure of the feed solution(kPa, [psi])




- "Summary Design and Operation Parameters of'a :

Membrane System :

e ————

Transmembrane Feed Water TDS
System Pressure Operating Range (mg/l) Recovery Rates (%)
Range (psi)
Sea Water 800 - 1,500 10,000 — 50,000 15-55
Standard Pressure 400 - 650 3,500 - 10,000 50 — 85
Low Pressure 200 - 300 500 - 3,500 50 — 85
Nanofiltration 45 - 150 Up to 500 75-90

Source : AWWA, 1990, Water Quality and Treatment

1 psi=0.07 Bar
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1200

.‘c‘%;
= 1000
E ‘\\
|
2 900 —
o
= 800
3
(i

700

600 L] L L] 1 Ll 1] L] L)

0 5 10 15 20 25 30 35 40
Temperature (deg C)
= Low Energy Elements, 10 gfd = Low Energy Elements, 12 gfd
High Rejection Elements, 10gfd  — High Rejection Elements, 12 gfd

Courtesy of Ken Klinko and Greg Wetterau using Hydranaulics IMSDesign (2009)

Figure 3-2 Projected SWRO feed pressure requirements as a function of influent water temperature
for different flux rate and element type

1 psi=0.07 Bar
fis1 : American Water Works Association. Desalination of Seawater . Manual of Water supply

practices M61. first edition.2011. page 35.

&

Metropolitan Waterworks Authority
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HYDROLYSIS RATE (SEC” ')

0"

1w-*

10~

d‘ - -, - A‘J - e, -
MAA 14.5 BnEnanefiruazgemgiiniiseuiie lalas ladasasuncun:

LRWIZLNNLUSRIINTIAIN Cellulose Acetate (CA) 112 Cellulose Triacetate{@TA)




PRODUCT QUALITY CORRECTION FACTOR

40

3.3 5%
3.0
2.5 =
g
s 4 5% .3
20 ___———; ﬂ
1.3 Wr 50%
AR s e e R s S W VT
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PERCENT RATED FLUX
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Software Design




Control Pa

File Options Help
System Permeate Flow: 0.20 gpm System Feed Flow: 1.33gpm System Recovery: 15.00%
Project Information
Notes: Project Name: MyProject
Project Cases
Notes for C Cine. Case: 1 v Add Case Delete Case Manage Prestage AP: 5.000 psig
Project Preferences
Analysis By: ] : ("] Small Commercial System
Company Name:
Balance Analysis With:  NaCl =
Units Set: Flow: gpm, Pressure: psig v @
Temperature Unit: Celsius ('C) . Water & Process Solutions
Default Project Folder:  C:\Program Files (x86)\Dow Chemical\ROSA8\MyProjects
1) Project Information | 2) Feedwater Data | 3) Scaling Information | 4) System Corfiguration | 5) Report | 6) Cost Analysis |

Friday, September 06, 2013 Ready...




CSMPRO v5.0 - [D

File Option Help Update
| - -Unit
Project Name Casel I
Projected By Company Version|1.0
. I I Pressure |B
E-Mail | Homepage | Date|6/9/2556
- Flux IH
Project(Case)Note R
[ OPEN || SAVE l Temp |C
- Result
Feed T Scale Calculation T System ]
Number of Feed |1 j Date : 6/9/2556 | Open Water Profile [ Save Water Profile |
Feed1 |
Water Source |Well Water SDI<3 | Feed | 6.813 m3/hr [100.00 %
TDS mg/l as Ion I .00 Temperaturel 25.00
™ Ion Analysis
m%lnas pcr':gg; meq/I 082:: ; Unit Feed1 Feed2 Overall
Na .00 .00 .00| aslIon SDI 15 min
K .00 .00 .00 asIon Turbidity NTU
NH4 .00 .00 .00| aslon
Ca .00 .00 .00|] aslIon Toc mg/l as 02
Maq .00 .00 .00| as Ion cob mg/l as 02
Fe .00 .00 .00| aslIen BOD mg/l as 02
Ba .00 .00 .00] asIon Cl2 mg/l as ClI2
Sr .00 .00 .00] aslIon
Cl .00 .00 .00] aslIon - etc
S04 .00 .00 .00] asIon / P
F .00 .00 .00] asIon
HCO3 .00 .00 .00| asIon T ron I—'OO Auto Balance
Co3 .00 .00 00| aslon . ]
Co2 .00 .00 00| aslIon Total Anion| .00 Adjust Na Adjust NacCl
B .00 as Ion
Sio2 .00 as Ion Extra Ion| .00 Adjust Cl |Reset to Zero
Total Alkalinity .00 as CaCO3




w3 Hydranautics RO Projection Program - [RO Design] - EM

File Analysis RO Design UF Treatment Calculation Help

Welcome to

IMED=s 1N

INTEGRATED MEMBRANE SOLUTIONS ™

Where Technolog y Flows

Hydranautics Membrane Solutions Design Software, v. 2012




HYDRANAL TICS
High Performance AV Ey

Hydranautics Design Limits

The Following System Design Limits should be observed when designing a Reverse
Osmosis system.

Average flux rates and expected % decrease in flux per year:

Water Tvype SDI Flux % Flux Decline/vear
Surface water (SDI 2 -4) 8- 14 GFD ) &S — 9 9
wWell water (SDI < 2) 14 - 18 GFD g4 4 -~ 7T 3
RO Permeate (SDI = 1) 20 - 30 GFD 2.3 -4.4
Expected % Salt Passage Increase per year: _
MembraneTT vyvpe Abbreviation % SP Increase/vear
Cellulosic membrane CAB1, CABZ2, CAB3 AT =--B3
Composite Membrane
Brackish, Low Pressure ESPA1, ESPAZ2, ESPAS 3 ——17
Brackish, High Rejection CPAZ2, CPA3, CPA4 3-—-17
Low Fouling 1. LEC> 3—-17
Seawater SwWC1, SWwWoaCz2, swacs 3 ——17
Softening, PolyVinyl Deriv. PVvVD1, ESNA1, ESNAZ2 3 -17
Maximum Feed Flow and Minimum Concentrate Flow Rates per Vessel:
Membrane Diameter (in) Max (GP M) Max (m>/hr) Min (GPM) Min (m>/hr)
4 16 3.6 =3 0.7
(] 30 8.8 7 1.6
8 75 17.0 5 2.7
8.5 85 19.3 14 3. =
Saturation Limits for Sparingly Soluble Salts in the Concentrate:
Salt Saturation %
CasoO, 230
SrsO, 800
BasoO, 6000
SiO- 100

Limits of Saturation Indices (Langelier and Stiff & Davis Saturation Indices):

Condition™ LS Value
LSI and SDSI without scale inmnhibitor = -0.2

LSl & SDSI1 with SHMP 0.5
LSI & SDSI with organic scale inhibitor TS

INIA]




Design Limits - Metric

Hydranautics' Industrial RO Design Guidelines

Metric
Raw Water source RO Brackish Brackish Sea Sea Waste
Perm Well Surface Well Surface Tertiary
Feedwater Parameters
Recommended Maximum:
SDI @ 15 minutes 1 2 4 3 4 4
Turbidity as NTU 0.1 0.2 0.4 0.3 0.4 0.4
TOC ppmas C 1 3 5 3 3 10
BOD ppm as 02 (est. as TOC x 2.6) 3 8 13 8 8 26
COD ppm as 02 (est. as TOC x 3.6) 4 1 18 11 11 36
L/m<.hr
System Average Flu 39.1 30.6 20.4 17 14.45 17
Lead Element Flux (in LMH) 51 45.9 30.6 40.8 34 255
% Flux Decline (per year) 5 7 7 7 7 15
% Salt Passage Increase (per year) 5 10 10 10 10 10
Beta (individual element) 1.40 1.20 1.20 1.20 1.20 1.20
Feed m3/hr (maximum per vessel)
4" 3.6 3.6 36 36 3.6 3.6
8" 17.0 17.0 17.0 17.0 17.0 17.0
Reject m3/hr (minimum per vessel)
4" 0.5 0.7 0.7 0.7 0.7 0.7
8" 1.8 2.7 27 27 2.7 2.7
Pressure Drop (per vessel, in bar) 272 2.38 2.38 2.38 272 2.72
Pressure Drop (per element, in bar) 0.68 0.68 0.68 0.68 0.68 0.68
Feedwater Temperature (in C) 0.1to45 0.1t045 0.1to 45 0.1to45 0.1t045 0.1to 45
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8 Hydranautics RO Projection Program - [Analysis]
File Analysis RODesign .~ 0 Calcu Help

Project | Mik Factory MLKFA  Feed [T v| Date |

pH 745 Turb _ E cond 613 uSicm CO2 14100 ppm

Temp 250 S0l ; H25 0 ppm  Fe 400 ppm

CO3 5 by 02 meq
HCO3
S04
Cl

F 0
15
B 00 |pp
Si02 0 |pp
Total positive ; Autobalance | Total negative 549 meq

Ca 70.0
Mg 3.0
MNa 25.2
K 250
3
Ba 000
Sr 000

meg

29 meq
megq

00 meqg
02 meq
00 meq
00 meq

K EREREE RRERE

KI{ KN KN KN KN KN K}

Calculated TDS lonic strength _ Print

CaS$04 saturation : BaS04 saturation
Silica saturation ; SrS04 saturation ; Save

Saturation Index 0.1 |Langelier oA Osmotic pressure




<& Hydranautics RO Projection Program - [RO Design]

File Analysis [ Ti Calculation Help

Project  [Milk Factory Calculated by Date |06/30/53
pH 7.45 Membrane age 3.0 Chem type H2504
Temp 25.0 | C v | Chem dosing rate _ v | Chem concentration,%
Flux decline % per year 7.0 Feed water type IWeII Water
Fouling Factor 80 Permeate blending [~ Permeate throttling
SP increase % per year 10.0 Concentrate recirc. [~ Boosterpump [

Product recovery, % 75.0
Permeate flow 50.00
Average flux rate 24 9
Feed flow 66.7

Stage 1 ] Stage 2
System Specs

Element type CPA3-LD CPA3-LD
Elements/vessel Stages

Vessels Pass 1

2 8
=

Recalc Amray




=% Hydranautics RO Projection Program - [RO Design]

File Analysis [ L= Treatment Calculation Help

Project  [Milk Factory Calculated by I Date  |12/07/53
pH 7.45 Membrane age | 3.0 [years | Chemtype | H2504
Temp 250 I s LI Chem dosing rate |—|J| ppm LI Chem concentration,% |
Flux decline % per year | 7.0 Feed water type |wiell water
Fouling Factor 80 Permeate blending [ Pemmeate throttling
SP increase % per year 10.0 Concentrate recirc. [ Boosterpump [
Product recovery, % [ 75.0

Permeate flow I m3r L“ 50.00

Average flux rate |I.fm2-hr L” 24.9
Feed flow m3mr || 66.7

Concentrate flow m3mhr - I 16.7

— Calculation Results

Pressure |"FY3NIE ~ | Flow/vessel | mamr ~|_ |m2-hr  ~|

Arrav Vessels | Feed | Conc. [ Feed | Conc | Flux Beta -~
1=1 10.6 ) 1.1 53 263 116
1-2 9.7 ] 10.5 56 222 112
1-3 0.0 ) 0.0 0.0 oo 000
1-4 0.0 _ 0.0 0.0 oo 000 ~| Next

Permeate concentration (ppm) Print
Ca 0.34|K 0.72|Sr D.DUlCI 0.27|NO3 0.08|CO2 14.07

Mg 0.01|NH4 0.01|CO3 0.00|S0O4 0.03|B 0.00|pH 56
Na 0.58|Ba 0.00|HCO3 F 0.00|SiI02 0.00]
[Total TDS |

Flow diagr.

Concentrate parameters
CaS04 sat, % 3 |S1S04 sat, % lonic strength
BaS04 sat, % 0 [SI02 sat, %2 Osmotic pressure
S aturation Index: Langelier . Stiff & Davis 1.84|Total TDS

Warning : Saturation limits exceeded-click here for more info




w. Flow Diagram

TWO STAGE SYSTEM

—os{J

&

Clipboard

Print




w,. Print Preview

Print... Page Setup... Printer Setup... Export RTF.. Export PDF.. | Clipboard |

113 > M Q-

Hypdraroubc:s Remite e Tobubons Design Cotacre v, 200 WI22553

BASIC DESIGN

RO program licensed to:
Calculation created by:

Project name: il Factory Permeate flow: 50.00 m3/hr
HP Pump flow: 66.7 m3mhr Faw water flow: 66.7 m3tr
Feed pressure: 10.6 bar Permeate recowery: 750 %
Feedwater Temperature: 250 CF7F)
Feed water pH: 75 Bement age: 3.0 ears
Chem dose, ppm (96 %): 0.0 H2S04  Flux decline % peryear: 7.0
Fouling Bctor: 0.80
Salt passage increase, TAT: 10.0
Forerage flux rate: 249 ImZhr Feed type: Well Wiater
Stage Perm. Flow essel Flux Beta Conc &Throt. Bement Bem. Aray
Flow Feed Conc Pressures Type No.
m3hr m3/hr m3/hr l4n2-hr bar bar
1-1 35.1 1.1 53 263 1.16 a7 0.0 CPAG-LD 36 Gl
1.2 149 105 56 222 1.12 85 0.0 CPAG-LD 18 3
Raw water Feed water Permmeate ncentrate
lon mad [ mead mgA | megd maA [ mead /) [ mead
Ca 70.0 35 70.0 35 0.338 [iJ1] 279.0 1349
Mg 3.0 02 3.0 02 0.014 (1] 12.0 10
Na B2 1.1 252 1.1 0.531 (1]1] 99.1 43
K 250 05 250 085 0.719 (11] ar .8 25
NH4 0.3 oo 0.3 (11] 0.009 (1]1] 1.2 0.1
Ba 0.000 0o 0.000 (1]1] 0.000 (1] 0.000 0D
Sr 0.000 oo 0.000 (1]1] 0.000 (1]1] 0.000 1J1]
co3 0.5 0o 05 0p 0.000 0o 1.8 0.1
HCO3 250.0 4.1 250.0 4.1 3.224 0.1 990.3 162
S04 14.0 03 14.0 03 0.025 00 55.9 12
Cl 37.4 1.1 374 1.1 0.269 (1]1] 148.8 42
F 0.0 0p 0.0 op 0.000 (11] 0.0 0o
NO3 1.5 (1J1] 1.5 (1]1] 0.079 (1]1] 58 1R
B 0.00 0.00 0.000 0.00
5i0z 0.0 0.0 0.00 0.0
coz 14.07 14.07 14.07 14.07
TDS 426.9 426.9 5.3 1691.7
pH 7.5 7.5 56 8.0
Raw water Feed water Concentrate
Cas04/Ksp ™ 100:
Sr$04 / Ksp ™ 100: 0% 0% 0%
Bas04 / Ksp * 100: 0% 0% 0%
Si02 saturation: 0% 0% 0%
Langelier $aturation hdex 0.12 0.12 1.84
Stiff & Davis Saturation hdex 0.18 0.18 1.84
lonic strength 0.01 oo 0.02

Osmotic pressune 0.2 bar 02 bar 1.0bar




What is the SDI (Silt Density Index or fouling index) ?

WUATSVUN LY UEAITSAUAIMU LT UTUVDIADAADYATIUNANDNT
AAAUNIUULUSY FIG1AUADNITDDNLUUSTSUULNNLUTUNIN )

v

o =

v

Uru1anadnd SDI Usesuna 2 - 3 wisauasndnuazlinaliiin
Joyvn1saaduausy 1Aafue1al SDI genud 10 auds
175 91 MAANITRAAURILUINLUTY

wnasineliminal SDI laun fu wuafise a15ounsd Wudy
FID9NTARDNADUTITIUULNNLUTY #1875 Conventional
Water Treatment Process nau

A1 SDI a9UnauUl152UU Reverse Osmosis Miudaninuaniglufa SDI < 3

&, : Metropolitan Waterworks Aut::ority




Silt Density Index (SDI) Apparatus i
|

I

\ 4
T
v

—

ball valve

pressure regulator

pressure gauge

filter holder +
0.45 um membrane disc




How is SDI measured ?

- Buusnazdesinwssugunsaliildlunisman SDI ausUfanannds
Usznaune ball valve, pressure regulator, pressure gauge and filter
holder incl. 0.45um pore filterpaper, 500 ml measuring cylinder and a

stop watch is needed.

_A15WAN SDI Sdumeusi

1. Lﬁ@ﬁ@%ﬂ@ﬂﬂiﬂiﬁmmua%LLé’ﬁﬁfmLLNuﬂim(ﬁLterpaper) Uu filter holder
antnasluluden

2. SudandesSumusulufl 2.1 bar (30 psi) misheaslufivduns
feghe 500 dadansisudunataunsEiatnusnsiiiieanunld 500 faaansiarfile
Jut, (USumnusuliinsiinaaniaifinsesi 2.1 bar)

3. nsosmeluaunsyiATuan 15 und neldinanusy 2.1 bar (30 psi) g

AFBNIN

& 7 Metropolitan Waterworks Authority




4. ynsielvaianesilaglddoaasundunsasldusinnsiuvinauie 500 Sadansisy
SunataunseeiaUsinesiitesnunld 500 daaansnanild Wy t, (USuanueuly
AsTinaenAIaingosil 2.1 bar (30 psi))

5. AunaAn SDI Tasedl

8. B Metropolitan Waterworks Authority




ANNAVUNSSATENSDI SDI

Yellow/Brown Organics
Red/Brown ron

Dark/Gray Activated Carbon
Particles Suspended Solid

i ;
MOSSET, A., BONNELYE, V., PETRY, M. & SANZ, M. A. (2008) The sensitivity of SDI analysis:

frorq RO feed water to raw water. Desalination, 222, 17-23.

& B Metropolitan Waterworks Authority




Direct SDI - Complete, Portable and Filters for Direct SDI (SDI-1000)
Affordable SDI Measurement

SIMPLE SDI Kit 192




LSI (Langelier saturation index):

Wudsn1sasradavnuuulunisannanusanansaulany

1. &1 LS| Sanduuan uaneintiniiudaldulunsadie
nznsunazlinsansaulans
2. 161 LS| fianduau wansininfiudaldulunsinansay
Tanzuazlidasnanensu
3. fiaen LSl fianduaud uansinidiuialdulisimeniu
WHBNIANANIBULAVIZLANTIDY

WsAmesndnanann LSl Aa

CaF,, BaSO,, CaCo,, S1S0O,, CasSO,

. “increasine solubilit
& : Metropolitan Waterworks Authority




A5MSAUIIIAILSI (Langelier saturation index):
LSI = pH - pH,

pH = O3+A4+B)—(

S

where:

N

A = (Log,|TDS]-1)/10
B = -13.12xLog,,("C +273) + 34.55
C

= Log,,|Ca** as CaCO3]— 0.4

D = Log, :Alkalinily as CaCO3]
LNOUANIRUART LSI:
LSI <02  Lsisisefimsiiiu scale inhibitor NnadnluszuunEs
LSI< 05 Ay sodium hexametaphosphate [WUSSUUNAR
LSI < 1.8 &Y organic scale inhibitor 194




drnrAeMiuusaAuga(High Pressure Pump)

. 0.02724xP,
Pump(KWhr/m™) =
(RxEF xEF,)
Where :
Pump = High pressure pump power(KWhr/m’)
P, = Pump pressure(bar)

R = Recovery rate(%)
EF = Pump efficiency(%)

p

EF_ = Motor efficiency(%)

m

731 : Mark Wilf Ph.D. Fundamentals of RO-NF Technology 195
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Step 1

w, Print Preview

Page Setup...

Printer Setup...

Pump pressure(bar)

Export RTF..

Export PDF..

o

Clipboard l

Q -

Hydiareuikos Memie ane Sohikens De ign Sofaare, v, 200

RO program licensedto:
Caleulation created by:
Project name:

HP Pump flow:

Feed pressure:
Feedwater Temperature:
Feed water pH:

Chem dose, ppm (96 %):

Aoserage flux rate:

Perm.
Flow
m3hr
35.1
149

Stage

FlowAessel
Feed

m3hr
1.1
105

BASIC DESIGN

Mk Factory

Permeate necm'ery:

Bement age:

Flux decline % peryear:

Fouling factor:

Salt passage increase, TAT:
24.9 ImZhr Feed type:

Conc &Throt.
Pressures
bar bar
a7 0.0
88 0.0

Flux Beta
Cone

m3hr
53

55

ln2-hr
63
222

1.16
112

Well Water

Bement
Type

CPAS-LD
CPAS-LD

e cpvery rate(%)

50.00 m3hr
66.7 m3hr
%0 %

3.0 ears
70

0.80

10.0

Bem.
No.

36 2]
18 3

Amay

| Raw water

Feed water ] Permeate

Concentrate

3.0
252
250

0.3

0.000
0.000
0.5
250.0
14.0
374
0.0
15
0.00
0.0
14.07

I
[ mad | mead |
700 3

megd | A

35 0.338
0.014
0.581
0.719
0.009

meg/

A meg/
79.0
12.0
99.1
a7.8
1.2
0.000
0.000
2.0
990.3
55.9
143.8
0.0
58

4269
75

Cas04/Ksp ™ 100:

SrS04 f Ksp ™ 100:

Bas$04 /Ksp * 100:

$i02 saturation:

Langelier $aturation ndex
Stiff & Davis Saturation hdex
lonic strength

Osmotic pressure

196




A19819N15ATUINUNLTIAUG(High Pressure Pump)

Step 2

«® Hydranautics RO Projection Program - [Calculation of power requirement]

File Analysis RODesign .- 1 Calculation Help

Feed pressure bar I 10.6 «— Pf mp pressure (bar )
Concentrate pressure |I)ar ﬂl 8.6
|I'|'l3.‘hl L” 50.0

Pump Feed Flow | 66.7

Recovery ratio, % I 750 +— R ccovery l"ate(%)

Pump efficiency, % 83.0
Motor efficiency, % | 93.0 .
ump efficienc (%)

Pump efficiency, usually 70-90 percent

Motor efficiency, usually 70 —-92 percent 197

fiyn - Syed R Qasim.,Edward M.Motley.,Guang Zhu. Water Works Engineering@2000




A29819N15ANUIUUNLTINUGI(High Pressure Pump)(s

Step 3  WWAIRILWANNS :

Pump( KW /) 0.02724x10.6
(0.75x0.83x0.93)

= 0.5 KWhrim —@)

Permeate water flow = 50 m’/hr——(2)
:. High pressure pump power = 25 KW——x2)
from conversion of power 0.746 KW = 1 HP

" High pressure pump power = 33.5 HP '




Cost of Water Produced by RO Systems

Cost of Water

RO Water Treatment Application

(US$/m?)
Wastewater RO Treatment For Reuse 0.2-0.8
Brackish water Desalination 0.3-0.6
Desalination of Pacific Ocean Water 0.5-1.0

Energy Use of Various Water Supply Alternatives

RO Water Treatment Application | Energy Use (KWh/m?)

Wastewater RO Treatment For Reuse 0.4-11
Brackish water Desalination 0.6 -1.2
Desalination of Seawater 3.0-45

1US$ = 36 baht Desalination of Seawater Energy Use 1.58 KWh/m? (ADC)
Desalination of Seawater Energy Use 2.6 — 5.3 KWh/m> (AWWA ,2011)

Source : Nikolay Voutchkov, Advanced of Reverse Osmosis Membrane Desalination,Waste&Energy Thailand,March/April 2008,14
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~N O O B WD

. Pre Treatment

. Pre Disinfection

. De-chlorination

. pH Adjustment

. Anti — Scaling System
. Cartridge Filter

. RO - Feed Pump

U Reverse Osmosis Lazaiuussnau

Metropolitan Waterworks Authority




Reverse Osmosis tazaiuysznau

8. RO Module & Pressure Vessel

9. Frame Structure and Skid-Mount

10. RO Product Storage
11. CIP System
12. RO Piping

13. Accessory : Flow meter, Back Pressure Valve,

Pressure Gauge, TDS Meter, Conductivity Meter,

Temperature meter

Metropolitan Waterworks Autnority




MEMBRANE PROCESS

FEED PERMEATE

CONCENTRATE




@\/\embrane Filtration EnhancementsJ

Pre - Treatment] ‘RO Process|

Organic + Coagulant

M att er Membrane
Filtrati
colloid + Coagulant rraren
Treated
Ferrous + Oxidant ‘ Water
Particle
Hydrogen + Oxidant Removal
Sulfide

Organic + PAC

204

Compounds




Pretreatment

® Purpose:

- NMINANUYULALHITHYIUABYDDNIINUN
- U5uAn pH wazaamgiivasi lvimvungeu

- AMAndITazalendlaniana Scaling %438 Fouling

- gingadniiaglutiaaniivalilviia Biofouring

Y

- AUANNTELHNVBIYANN

& Metropolitan Waterworks Authority




Electrical Control Box

® ® ®

Capacity :100 m3/Hr/unit

SOLID CONTACT CLARIFIER TANK

Diameter = 8.5 m.x Thickness 6.0 mm.

HEIGHT = 4.5 m.

WEIGHT + WATER = 206 TONS
EMPTY WEIGHT = 6.0 TONS
AUTOMATIC SLUDGE DRAIN

Material : Mild Steel with Sand Blast SA2.5 and epoxy lining

- —

Static Mixer

Sampling Port—pe—]

i<

Flow Meter

Raw Water from Surface Water|!

Logic control

SAND FILTER TANK
Qty.: 1
Capacity : 100 m®/Hr/unit

Material : Mild Steel with Sand Blast

SA2.5 and epoxy lining

ﬂ?t_ow,com@‘ ______
Dimension : Dia. 3.5 m.x1.5m.

Media : SAND , Volume 1,300
Manual Backwash

Chlorine Feeder

MANGANESE GREEN SAND FILTER TANK CARBON FILTER TANK

Qty.: 1

Capacity : 100 m3/Hr/unit

Material : Mild Steel with Sand Blast
SA2.5 and epoxy lining

Dimension : Dia. 2.5 m.x1.5 m.hx4.5,6.0 mm.t Dimension : Dia. 2.5 m.x1.5 m.hx4.5,6.0 mm.t
Media : GAC , Volume 5,000 L

Media : SAND , Volume 5,000 L
Manual Backwash

Qty.: 1

Capacity : 100 m3/Hr/unit
Material : Mild Steel with Sand Blast

SA2.5 and epoxy lining

Manual Backwash

RESIN FILTER TANK

Qt

y.: 2

Capacity : 100 m3/Hr/unit

Material : Mild Steel with Sand Blast SA2.5 and epoxy lining

Dimension : Dia. 2.5 m.x1.5 m.hx4.5,6.0 mMygier supply

Media : SAND , Volume 5,000 L
Manual Backwash

® [

Brine tank

Qty: 2
Capacity : 20 I/{
TDH.: 5.5 bar
PE-Tank : 200 Its J
Logic control 1
————————— <
x4.5,6.0 mm.t I
|
|
T
|
|
|
pH Controller |
|
Booster pump

Qty.: 1

Capacity : ~ m3/unit

lservice
stand by

I
aly:

Capacity3 cd.m./hr. x 50mH
1
1

Booster pump
Qty: 2

Capacity :100 cu.m./hr. x 50m
1-service

1-stand by

Fa————-r-

- ———— — — — — =

—-q-——--

Fr—————+

y o

P

Chlorine Feeder
Qty: 2

Capacity : 20
TDH.: 55 bar

NaOH Feeder

Qty: 2
I/hr Capacity : 20 I/hr
TDH.:5.5 bar

Alum Feeder Polymer Feeder

Qty: 2 Qty: 2

Capacity : 35 I/hrCapacity : 20 I/hr
TDH.: 55 bar TDH.: 55 bar

PE-Tank : 200 Its  PE-Tank : 200 Its PE-Tank : 200 Its PE-Tank : 200 Its

Logic control

e

Level Switch

,
|
|
|
|
|
|
|
|
|
|
|
|
Pr‘bssure Tank
|

N

O >4
Booster pump
Qty: 1
Capacity: cum.hr.x mH
Logic control
_________________ )
|
|
Level Switch

] P @
|
] o : o
CLEAR WATER TANK i ! /
Qty.: 1 unit R
Capacity : 100 m3unit o @ \\{
(OWNER) ] o
: >
q
e v ;ﬁfbmﬁ(ER STORAGE TANK FEED WATER PUMP PERMEATE WATER STORAGE TANK
Capacity: 100 m? Qty.: 2 Unit Qty.: 1 Unt
v 0 v Capacity : 100 m¥hr Capacity : 100 m3
(by owner) TOH. 40 m. DS : 50-70 mgA
Material : pH 1657
Multistage Centifugal pump (by owner)
- 1-service
Logic control 1-stand by
—————————————— ! ———————————————————<PLog\ccomrol
| ______________ - - - - - - - - -—-—-—-= Conductivity : 500-700 uS-CM
| } pH 6.5 I
| | i ;
'
| | | l__ A Pressure Tank
| - | . |
o 2 M )
| ™ : | g :2' ¢ ; I |
! H F ——
| CIP.TANK E Il ! — I g ¥ | |
1k =]
| — — b | »
| T 1=} o d | @
| | TO PROCESS
| -
| | >
| —P<
| 8 Booster pump
REVERSE OSMOSIS SYSTEM o . i
- - Anti-scale Feeder E Qty:: 2 Unit )
Capacity : 35 m3/Hr/unit Qaty.: 1 g Capacity : 35 m¥/Hr/unit
; K3 TDH.: 40 m.
Capacity : 11/hr o« Material -
TDH. 5.5 bar T-sonvice
PE-Tank200 Its 1-stand by




PVC-M-3"

. Logic control

Chlorine Feeder PACI Feeder

Qty.: 1 Qty.: 1
Capacity : 1-2 l/hr  Capacity : 1-2 I/hr
TDH.: 5.5 bar TDH.: 5.5 bar

PE-Tank 500 Its PE-Tank 500 Its

FEED WATER PUMP
Qty.: 1 Unit

Capacity : 30 m¥hr
TDH.: 40 m

(by owner)

l .

U-PVC sch80 3"

PVC sch80 3"
FEED WATER PUMP
Qty.: 1 Unit

Capacity : 26.7 m3hr
TDH.: 40 m.

Material : SUS304
Multistage Centifugal pump

Qty.: 1
Capacity : 20m3/hr/unit

- Automatic flushing system
- CIP system

- PLC controller

- Fully option

Anti-scale Feeder
Qty.: 1

Capacity : 11/hr
TDH.: 5.5 bar
PE-Tank100 Its

Raw

u-PVC sch80 1 1/2"

Reject Water

Water from

PERMEATE STORAGE TANK

Qty.: 2 unit
Capacity :20 m*/unit
Material : SS304

Dimension : approx. Dia.2910x3000h

HOI Feeder

)
2]
| |
T TR SERVICE WATER PUMP
& Qty.: 2 Unit
Capacity : 30 mé/hrunit REGENERATION TANK
=0 TDH.: 15m,
— o] Level Switch
— [ ]
o ) . : N |
BACKWASH WATER PUMP | !
& Qty.: 1 Unit ! i >
T J Capacity : 30 m3hr | i
TDH.: 20 m. | |
o J] n | | | \J@/
ANTHRACITE FILTER CARBON FILTER RESIN TANK
Qty.: 1 Qty.: 1. ) Qty.: 1 Qty.: 2
Capacity :30 m*hlunit Capacity :30 me/h/unit Capacity :30 m¥h/unit Capacity :20 m¥unit
Material : Mild Steel with epoxy lining M.ataria[ - Mild Steel with epoxy lining Material : Mild Steel with epoxy fining  Material : 5304
CLEAR WATER TANK Dimension : Dia.2000x1500hx6t Dimension : !:)ua.1800x1 50th><61 Dimension ; Dia.2000x1800hx6t; Dimension : approx. Dia,2910x3000h
Selected ANTHRACITE : 3200 L/unit ~ Carbon media : 2600 |./unit RESIN media : 3600 I./unit
i i Manual Backwash Manual Backwash
Capacity : 60 m¥unit
[ SOLID CONTACT CLARFIER |
Logic control
e
Breen
X Logic control e fowweny
n & Gt
‘ U — I
<1 Level Switch Level Switch
Logic control }
n
U
4 Logic control \
u-PVCsch8021/2" 16 B 3 > TO BOILER TANK
N o\ 1],
£ H
o ;
CIP.TANK ¢ H H

&D PURE WATER STORAGE TANK
NeOH Feeder

o -2 uni
Rt ks s Bz gtayﬁézi ;;”'; —
MIX BED SYSTEM

Material : SS304

[l [

Pﬁl TO BOTTLING SYSTEM

»
-

Ground Water

DISINFECTION BY OZONE
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GSP-M-2"

Capacity : 12 m3hr
TDH.: 40 m.
(by owner)

Chlorine Feeder
Qty.: 1
Capacity : 1 l/hr
TDH.: 5.5 bar
PE-Tank 200 Its

>
FEED WATER PUMP
Qty.: 1 Unit

(by owner)

Raw Water from Ground Water

NOTE:

Not to be used for construction unless certified

CHECKED

%,:r\ %,:r\ %,:r\[
P P . P Water supply
1 |f ik AR P
T 1
DD DDt DD
DT DD DGT—D<——|
_/( >
— — O .
L Brine tank
MULTIMEDIA FILTER CARBON FILTER RESIN TANK
Qty.: 1 Qty. 1 Qty.: 1
Capacity :12 m¥Hr/unit Capacity :12 m¥/Hr/unit Capacity :12 m¥/Hr/unit
Material : Mild Steel with epoxy lining Material : Mild Steel with epoxy lining Material : Mild Steel with epoxy lining
Dimension : Dia.1200x1500hx4 5t Dimension : Dia.1200x1500hx4.5t Dimension : Dia.1200x1800hx4.5t
Selected Sand & Gravel : 960 I./unit Carbon media : 960 I./unit Resin media : 960 I./unit
Manual Backwash Manual Backwash Manual Backwash
Yy T~ TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT 1
_______________________ _<‘>_<"‘>________________________‘ Level Switch |
N Logic control & v ________ D ‘
= | I | "
a | 11 | u-PVC 2" |
o | 1l T +
| Il I ! O/
| 1l | |
| 1l . |
| 1l T |
| Il g J : C m |
________ | 1189 | i I
r | <
| 1l | o |
| I C | S PRESSURE VESSEL i !
| I CIP.TANK = H H |
1l . H | o
| I I ! I
| Il | >
1l u] u] O |
Lev+l Switch I |
1] |
! w-PVC 2"
Skid-Mount Reverse Osmosis Unit 20 m3/hr
O/ Qty.: 1
Capacity : 7 m¥hr R
N PERMEATE STORAGE TANK
Nominal Feed : 10 m¥hr (approx.) =
" N - Qty.: 1
- Automatic flushing system Q } ;
N CIP system 5 Capacity :20 m®/unit
h Sy s Material : $8304
- PLC controller
- Fully option
o yop 5
- s
)
o
Anti-scale Feeder
FEED WATER PUMP Qty.c1
Qty.: 1 Unit Capacity : 1 l/hr
" TDH.: 5.5 bar
CLEAR WATER STORAGE TANK Capacity : 10 m*/hr
PE-Tank100 Its
aty. 2 TDH.: 40 m,
Capacity 20 m3 Mate.nal : SUSB-O4
Material : $8304 Multistage Centifugal pump
Dimension : approx. Dia.2910x3000h
1 TITLE

Reverse Osmosis

Capacity 7 m¥hr

WN




RO Pretreatment - Why

Feed water limiting conditions

e SDI less than 5 (3.0)*

e Turbidity less than 1 NTU (0.3)*

e Temp. less than 45 deg C

e Bacteria and organics nil

e Oil & Grease nil

e Free chlorine less than 0.1 mg/1(ORP less than +300 mV)
e Fe, Mn less than 0.1 mg/1

e Al less than 0.1 mg/I1

e TOC less than 4 mg/1

* With MF/UF pre-treatment




WATER QUALITY FOR RO SYSTEMS

Food Water Seawater Brackish
Parameters Low Normal High (T High
Salinity Salinity Salinity Salinity Salinity

TDS mg/L | 20,000 - 30,000 | 30,000 - 40,000 | 40,000 -50,000 1,500 3,000
pH pH | | 6-9

Turbidity NTU <02

SDI : <3

| Temperature °C 20 - 40

| Oil & Grease mg/L Nil
Chlorine mg/L Nil
TOC mg/L <1
COD mg/L Nil
Silica, SO, mg/L < 40

Product Water

Parameters

Seawater

Brackish
One Pass RO

TDS mg/L

One Pass RO Two Pass RO
< 500-750* <50

< 100

* 750 mg/L in case of TDS > 40,000 mg/L as feed

i - https://www.hyflux.com

210




Table 3.4 Generally-accepted water quality guidelines to minimize RO

membrane fouling.

Eecies | Measure Value
Suspended Solids | Turbiditz <1NTU
Colloids SDI <5
Microbes Dip Slides"J < 1,000 CFU /ml**
Organics TOC <3 ppm
Concentration

[ Color [ Color units <3 APHA
Metals: iron, manganese, aluminum | Concentration < 0.05 ppm
Hydrogen Sulfide | Concentration < 0.1 ppm 1

* Other methods see Chapter 7.3
** In RO reject stream

NUYLAA INNL9IFD Reverse Osmosis Industrial Applications and Processes,2010
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MEMBRANE FILTRATION PROCESS

_
V9
.
Gleaning Tank GIP Pump
L Q.

Membrane Module
* Permeate Water
i

High Pressure Water Pump

T

Strainer or

Re - Cycle or Recirculation
Feed Water Pump Cartridge Filfer

I Backwash (option)
Waste or 212

Concentrate water

Anti-Scale Feeder




re Water Pump

Membrane Module




{Membrqne Stc:ging}

ONE STAGE
Feed = x)i—) Permeate
1% Stage Concentrate
TWO STAGE Permeate
Feed
2"9 Stage
1% Stage Concentrate
THREE STAGE Permeate
Feed y 3' Stage
= 1** Stage 2" Stag® |
=17
S = L

Concentrate




{Membrome Stc:ging}

DOUBLE STAGE(DOUBLE PASS)

\iPeieate

Feed — —> Permeate

Concentrate

PARALLEL STAGE

Feed Permeate

Concentrate
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Residential Components
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Pressure Vessels

1. PVC Pressure Vessels Max pressure 200 psi

2. Stainless Steel Pressure Vessels Max pressure 400 psi

8 Multi Pc

Side Port
Codeline . J







Microfiltration (MF) System
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RO SEA WATER




MEMBRANES

PX DEVICE/ARRAY

Source : http://www.energyrecovery.com/water/px-pressure-exchanger/




& ERI™ PX™ POWER MODEL

Project Name Projectx
ENErgyY compenynome comanyy

recovery: " e

ERI Document No. 80313-01

Temp HI!C

strans 2

Unit:' Metrc

.
> w
V.

HPP FEED
38,000
2.0)var
1,042 3|m3/nr

Feed Water Supply System

| Total # PX units: 45 |

PX Technology Performance
PX unitary flow 632 mi/rr
Salinity increase st membranes 215
Voiumetric mixing VM 3.1%
Ludrication fiow (LF] per PX array 123 m3/rr
LF az % of concentrate fiow 0.8%
WP OP 0.5 der
LPOP 10 der
RO Specific Energy ** 223 kwm/m3
Eicency  96.17%

** Does not Inddude Fesdwater Supply Pumg Enengy consummption

Lalaing ™e dets shown In this power rodel dmuleicr sre mee ertimets and atnct te regarded s commerclly binding Irformetion. Upon request, R wfl orovice mors stoursts power mode deta for Ra
Sacmen scordrg 1o e project menureents end conditicne
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Isobaric pressure exchanger

Our isobaric pressure exchanger
effectively transfers the brine's
hydraulic energy directly to the feed
with minimal mixing and leakage.

Net energy transfer is as high as 95%.

232

Source : http://high-pressurepumps.danfoss.com/products/energy-recovery-devices/isave-design/




60 bar

RO Membrane

- .. > D> D >

HP Concentrate

HP Feed

LP Concentrate

LP Clean Sea Water > ” Back
ressure

Valve
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Source : http://high-pressurepumps.danfoss.com/products/energy-recovery-devices/isave-design/




Company

Danfoss iSave selection tool

Specific energy

Project

2.24 kWh/m?®

[Version 510.1

Pressure 60.0 bar
Flow 20.8 m*h
Salinity 43,009 ppm

High pressure pump

Pump efficiency 89 %
Motor efficiency 96.2 %
Power consumption 39.0 kW
Suggested APP APP 22/1500

Number of pumps 1
Rotational speed 1421 rpm

= Required input to calulation
= Can be changed. Standard values

8
Pressure 1.0 bar
6 Flow 20.0 mth
Pressure 60.0 bar Salinity 316.7 ppm
Flow 50.0 m¥h
Salinity 44,052 ppm Pressure 57.0 bar
a 30.0 meh
Pressure 60.0 bar Salinity 73,286 ppm
5 Flow 29.2 m3h
Salinity 44,826 ppm
Pressure 1.3 bar
Flow 30.0 m¥%h
[Pressure 2.0 bar 3 Salinity 71,517 ppm
Flow 292 m*h

Salinit

43,009 ppm

Pressure

System feed pump

E’ump efficiency 60 %

Motor efficiency 89 %

Power consumption 0.0 kW
Sea water

Salinity 43,009 ppm

Flow
Salinity

Select units
Flow m3/h
Pressure bar

Power kW

2.0 bar
50.0 m¥h
43,009 ppm

Input
Permeate flow (8) 480.00 m/day
Recovery rate 40 %
Feed pressure to membrane (6) 60.0 bar
Pressure drop (6-7) 3.0 bar
Brine discharge pressure (3) 1.3 bar
System feed pump pressure (1&2) 2 bar
Include system feed pump " Yes (+ No
Suggest Danfoss APP pump ¢ Yes " No
[ iSave
Size iSaved0
Number of units 1
iSave unit inlet flow 30.0 m*h
Salinity increase @ memb. 24 %
iSave total lubrication flow 0.78 m*h
iSave total lubrication flow 26 %
iSave efficiency 90.6 %
ISave power savings 52.3 kW
iSave rotational speed 859 rpm
Motor efficiency 922 %
VFD efficiency 98 %

Power consumed 58 kW

Total Energy Data

Warnings [Choose currency Euro
iSave Total power consumption 44.8 kW
iSave Specific power consumption 2.24 kKWhim3
APP Specific cost 0.27 Euro/m3

Annual power cost saving is based on a comparison
in between a system with an iSave ERD and a system
without any ERD device.

47,100 Eurolyear
55,012 Eurofyear

Annual power cost
Annual power cost saving*

Energy Price 0.12| Euro/kWh

DANFOSS ISAVE SELECTION TOOL IS SOLELY FOR GUIDING PURPOSES, THE DATA PRESENTED DOES NOT REPRESENT GUARANTEED PERFORMANCE. ALWAYS CONSULT
DANFOSS SALES ORGANIZATION TO DETERMINE YOUR ACTUAL NEED. IN NO EVENT SHALL DANFOSS A/S BE LIABLE FOR ANY DAMAGE OR LOSSES RELATED TO THE USE OF THE

1 | High Pressure Pumps

ENGINEERING TOMORROW M

Source : http://high-pressurepumps.danfoss.com/products/energy-recovery-devices/isave-design/




1. NSASINBASLUY Membrane Filtration WA
1.1 Ysuiod : Ysunasdnangi-aanssuy

. USinashvyuGsusarySinoshdmsu
MAIUTLDIN

1.2 qmwgﬁﬁﬂ : qmwgﬁﬁﬁd'mtﬁ'ﬁzuu

1.3 wsoMah : usAusmuinuazaanszuy

1.4 ATINLUL : ANNANRVURIEAIINLLYBYUINIDDN

IINTSUU

1.5 manuhlWihuay pH ihAuvuazinfinanainssuy
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v/

2. M5R59EARUNS0LR3NIUSZUU Membrane Filtration HAull

[ 24

2.1 RS pAmSUIUEsS IR RvUraulihRunauinszsuy
2.2 madatluinseg peanissuazifiosunszRusinuns

2.3 Iﬁl’i’zﬂtﬁﬂqﬂﬂ’iiﬁ'&hﬂm’itﬂﬁ Anti scale tt8¥ Chemical

cleaning
2.4 n533:8ARUNSD! Flow Meter, Pressure Gauge, Level

Meter
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8IN15NUIUBNTI1 Membrane Element %15
> AMNWIN#BBNIIN membrane HoyAY

> WMDY membrane 8NNSduUnaZIUSDE DU

> AnuanansolunstitnusgaugutRnIsianRuanysn
[P92u28992UY membrane filtration DRADBYRG

ABMSINIUNS U Membrane Element ?i'l’iﬂ
> mammmwﬂuﬂmmwaaﬂmﬂ membrane FRDALIA

> MSRTUANNUALULURNYDY operation pressure WA
back wash pressure

> sIRIURNNARUNG Iaulduseruainiawginluly
membrane element aIHILFYIWBDIDINIARNIBIETNI
IWH 193 AT RS INISIARYBILS IR 237



P s Daily Monitoring

2 a‘-‘_”' '; METROPOLITAN WATERWORKS AUTHORITY

AnUIEEIA

1. 1iWaRBINIMIMUUTEANSAIWNITNIUTD
53UV RO Mdvineulaagelivszansnmwneg
VERIH

2. Wafaen1InTuiussRuduniousms

(NDP) 984955UU RO 71949128101994911A214
A291M115084




WISTAHLND SN LULANS2 U2

1. Pressure (P)

2. Flow (F)
3. Conductivity (C)

4. pH
5. Temperature (T)
6. SDI (Surface Water)
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OPERATING PARAMETERS

W)
(®) &)

PERMEATE (F) (c)

FEED

| ——
] —
= @l
® ®v©

®
@@ Interstage pressure REJECT

) €

@®

(T) =Temperature (C)= Conductivity (Tu) =Turbidity

@ = Flow @ = Pressure @ =Free Residual Chlorine
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M lunanasinIstidnseg ?

1. e lvnulaannulgnIsNanLAaziug lussuu
RO Wulusiunisaanuuy

a4

2. anautdgynnazinavuluszuu RO weay Stage
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Weekly Monitoring

1. INBABDINISNIIULULI L UUVDIEUSTTOUSNIS
1191U4VB952UU RO 718g9m191ulaagnedl
Ussansnmmegnsall




WISAHLONDSN LY LENS2 U2 dUAN

1. Normalized Permeate Flow (NPF)
(amﬂmﬂwa%mmmmmmmemm)

/ 2. Normalized Salt Passage (NSP)

(Sovazvasniseaulitndanuiigniisuan)

3. Normalized Pressure Drop (NPD)
(LSFURAVTOLTTULANANTignLTiuuAD)
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Table 1 Monitoring of reverse osmosis and nanofiltration systems

Parameter | Measurement | Frequency | Limits (typical)
Pretreatment monitoring:
Feedwater particulates Turbidity : Continuous =< 1 to O.1 ntu
Silt density index, SDI 1 — 3/day or continuous < 3 — 5 SDI units
Particle count Some projects apply Project specific
continuously
Dissolved material Saturation of scaling salts Project specific, typically 4 Depends on antiscalant.
— 12/yvear
Twypical limits:
CaCO;: LSI <2
BasO,; = 60 x Ksp
CaF < 100 x Ksp
CaSO, <2 x Ksp
SrsO,;, < 8 x Ksp
SiO; — 150 — 180 mg/L.
Membrane unit monitoring:
Flow Permeate. concentrate Continuous Project specific
(feed tyvpically by
difference)
Percent recovery Continuous Project specific
Normalized permeate flow Daily data points, graphed Project specific
or analogous parameter weekly
Pressure Feed, concentrate, Continuous Project specific
permeate, interstage
Pressure drop ' Feed-concentrate, each Continuous Project specific
stage
Conductivity Feed & permeate Continuous Project specific
Concentration TDS of feed, permeate & Periodically to check
finished water relationship to conductivity
and/or for permits
Rejection Calculation based on Continuous Project specific
conductivity and
concentration
measurements
rH Feed & finished water Continuous Project specific
Temperature Feed Continuous Project specific
Biological monitoring:
HPC or other indicator Feed & concentrate Varies, possibly 2 — 4/year Project specific
Chlorine residual * Feed Continuous, if applicable O mg/L. for PA
0.5 — 1 mg/L. for CA
Chlorine Finished water Continuous Project Specific
Instrument calibration:
Various Flow, pressure, 1 — 2/year Varies
conductivity, etc
System balance check Flows & conductivities Weekly Within 5 — 10 percent

* CA (cellulosic) membrane requires chlorine residual. PA (poly amide) membrane is degraded by chlorine residual.
Sometimes an ORP or bisulfite residual monitor is applied.




1. Normalized Permeate Flow (NPF) #

iy

//
gnsINIsluavaviInsasngniiguan (NPF) tivalins U’i%
/N

1.1 usvdunfomdasundasiinansenundalsl

1.2 LSNAULANEN(pressure drop)LUﬁ&Juuanﬁwanswu
wsaly

1.3 usvauinsaadagundasinansenunsals

1.4 usveuooaludidagundaviwansenuvisaly

v

1.5 grunginnlasundavinansenunsal

NPF = Q xTCF NOL e xMC

X
25°C
( ) ND})today . 245




2. Normalized Salt Passage (NSP)

SogazvavniIsganliindaniungniisual (NSP)

i
j&

Walvinsiuia

2.1 TDS milowmdasundasinansznundolsl
2.2 % Recovery (Wagundasiinansenuunsala
2.3 Concentration Factor 1Wagundasiinansenunsalsl
2.4 Fasinisluavaviinsealasunlasinansenunsala

2.5 gomigiinndasundavinansznunsal

NSP = Spy| Zetean | reop
Q p(startup)

Where : SP = Salt Passage(%)
Q, = PermeateF low(m’> | hr, gpm)
ICF = Temperature Correction Factor
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3. Normalized Pressure Drop (NPD)

LSNEUAANTDUTIAURANENNONLABUA (NPD)

)/
j&

lNaliinsaua

3.1 amsanistvatindawdasundasinansenuvisaly

3.2 amsnasiuairTutdagundavinansenunsaly
(i \
Qf(startup)
NPD = PDx
\ Qf(today) Y,

Where :

PD = Pressure Drop(bar, psi)
Q, = Average Feed Flow(m® | hr, gpm)

Qf + Qc 247
2




Pressure Drop

Pressure Drop lu Filtration Membrane ﬁful,l,‘i.iﬂaan\lﬁ

uuulaun

l. Pressure Drop NARTUNIFATUKRUIVDY membrane 1338
ISUNIFAIY upstream UBAIRUNTOLATNY LUU membrane
module Y18 187 (AP1) 4nuAIa9lugAs NPD

2. Pressure Drop NARYUTEUINNFTURUIUDY membrane
UIDLIUNITAIU upstream TUFRIYL downstream [(FIUNNTDY
NIUULET) (AP2) 15138031 Transmembrane pressure

different
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Pressure Drop

Equation :

Where : . N
AP = ussAusasinitfeaulytienidu(psi)
Pf = usAunIau(psi)
P = urapuingu(psi)
P, + F,
AP, = - P
2
Where :

AP, = T mnsmembmne pressure difference( psz) .
P '3

LLT\'iﬂUU']ﬁaﬂ’]ﬂ(pSI)




) s MoNthly Monitoring

AnUTEEn

°74 [
I~ | I~ |

1. WNBABINTT N IIULATR B WU UL LY
Uy11v8952uU RO

2. W3 191 129101571 UIUNINNITINAD
A0 W (conductivity)InAadsyniinla




mismiUsiwaamsthiwwh (Conductivity Profile J

Q

Y a

Tunasialdslwaainisinliia fraussuvaziann
nasiinlwirveatiinsavenudazrasnivinA1nas
i1 lWdl1vevindounasindusinusay stage
\Uavduasifiuannyng ¥a vessel WaN9IN 24 fiv
48 2luy usnvavnistduszuy Iagdufanssuuils
Y99NI5ISuIAUTZUY 19T ufindoyaiugulive
§1ur8ANAEAINENISTURNTayasnAaula
luusiaz vessel asvunnidulaszunsunsanisie
Fedasavuazszydunialudnuaeidsaduionis

6214 vessel 954 251




mismiUsiwaamsthiwwh (Conductivity Profile J

Q

arudlunisinluslwddenng 6 1dou udA1M
JnPuvavudazlsawiruarauansdreiuld A5
TWWusan1syauliinasciu(salt passage) a4
vessel Winnaly stage tdgatuadsiANnIgiuly
yugAAnIsinlwilalu stage D) N1ILHITY
ilpvanaududuvaaindlounidng stage 1uaiiu
499U vnil vessel uillu stage laginA1Aauiin
TW#Hgenin vessel duquaasinfatiyun
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Probing the vessels

Gonc.

Feed

e e —, Sl .

e —

Sermedte

.




msmlusiwarimsuniwwh (Conductivity Profile)

Profile Sheet

Second stage @ @ @ O O O
©OGE 000

First stage <\@ @ @ O O O




omsnuvuonoINMIUsiwaaAmMsuiwwh

1. an1sin Wil luniie Pressure Vessel #
Stage "LW] N

2. réi'm'ﬁﬁ'ﬂ‘vm'ﬂm{m Pressure Vessel #
Stage LLsNgN

3. ﬁi'm']'iﬁ'ﬂ‘vmﬂunn Pressure Vessel #
Stage ﬁﬁa\‘igj\‘i
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1. mMsUWwAIurto Pressure Vessel A Stage Tas) &o
Profile Sheet

Second stage @ @ @ @ @
OOO 866

First stage <\® @ @ @ @ @

anxqQinaoN

1.0-Ring Leak(ﬁnazlﬁmﬁ O-Ring G 1)
2.Membrane Element d15aLdg11e

3.3anUaanuinvu(concentrate water) d13aLHENNE




2. AMSUWWAIUNN Pressure Vessel N Stage lisnap

Profile Sheet

st () () () | @ @ @
OOG @

First stage <\® @ @ @ @ @

akainadn
1.Chemical attack(Aa3tdgmgaunaainilasiadinaniviunluszuu RO)

2. AMURAANAININNTSUTENAUTEUU RO
3.4590UNAUYRLINTBY(permeate back pressure) a13iAgandn Urdau
5 — 10 psi AZAINI5OE519AMUFINIBAUAD membrane 1o 257




3. ANMsUWWAIUNN Pressure Vessel N Stage Naooap

Profile Sheet
second e () () (&)
OOG |6

First stage <\® @ @ @ @ @

aninainaLn
1.Scaling

2.Chemical attack(Pan3tdegduinaNAFITANRAAUIN lUsEUU RO)

3.4590UNAUYRLINTBY(permeate back pressure) a13iAgandn Urdau
5 - 10 psi LAINITOFAS19AUHIRIDAUAD? membrane 16 258




snwdlgnisinwulunismuauszuuwdn RO

»SCALING (ANRgNauNan)

»FOULING (Anmgnsuvisanynou)

» CHEMICAL ATTACK(snstpfinvgnuiudfinaiufizummusu)
»M5u8uu RO Element Aaufisiansdunis

> STUUNSYIANNS LR UHUSSINS AN




Fouling : l#@unusngmanifisgnazaraluiiansdi
S2UU membrane aniulalieuildianmsansiu
(clogging)wazifinnisnafivaetuarsfisuiinilfinnis
ANRENBUTUENRYNISEANEN WYY membrane aRAY dIu
TvnjJunrsgpsuiinen

Scaling : MHiZunUsngnisninfinnisanii(clogging)sutin
371 lagiinnisanwinotuuia
membrane HWRINWUSEENSNMWYDY membrane aARY WAN
uvgfinfiasfimsifsienilasiu anti-scaling ¥4 Sodium
bisulfide(NaHSO,) Jasiuwmanluilsiufausy

o | | Metropolitan Waterworks Authority




Fouling and Scaling

Membrane Blocking

Fouling Scaling
|
L e ; |
Biological Fouling Suspended Particle - CaCo,
| - Bacteria -Colloidal - CaSO,
| i‘lgae -Organic Material - BaS0O,
;?.Ungi - Silica or Silicate

Organic Fouling Inorganic Scaling



2IN15Nuvuandinm Fouling

> Differential Pressure qjﬂﬂd’m"]ﬁaamwu
> Feed Pressure gani1AN7asnwuL
> 95151015 eV NI LLLLLUSY (Filtration Flux) anas

> A1 Salt Rejection #1NINANTNIDBALUY

8IMUNI5LNA Fouling

> LA Foulmg 9111 Suspended Particle NauLa Silt ,Clay
SYelgle ‘mmmﬂuu oAl @8 Bacteria
Ay fdanfananaTuEaaRuLiaIe 3y Ruls
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FEED SPAGER

Bacteria 9za1AgiNzLdlans1glun1sIsULAUln

UILIUATURAIRIUAANIINIS IMavaUn




BINISNUIUBNIILNM Scaling

Inorganic Scale

> ¥1l#A1 Transmembrane pressure differential Q\aﬁmmzv‘l’ﬂﬁ
SMWANUUUIIUUUEINYET membrane 8RNV

> SuNansenunUAT Salt rejection uazynlvisnsinisliauaui
N1 membrane NN

> SEUTRNA NS DIANENSUT NV AR NN aUYBYRIUTH

membrane
> 11 Permeate %A1 Conductivity iy

> AANNAUNI9MIULIUDU(Feed Pressure) gudiu



Scale Formation

dnaudds: AaauIug anausINNay

—_— —_—

lons —— lons Pairs —— lons Clusters

NN HWANVHIRIAN T l
Discrete
< Nucleation «—— Critical Size
CrySta s NI HINHANASY S0anSINNGH
l Tsvwmanga

Crystals

—— Acglomeration—— Scale
Growth 5 gwé’n'umsﬂﬁfy' i\

wé’nv%ﬂmﬂﬁfy'ﬂ% snunaunaneiduhan




Scale Formation

Mechanism

lons Protonuclei Nuclei  Crystals
> > SE——Y
- «— «——
+) Clustering 43 ordering | growth
- -I-it"l'" .!-.I-’l-l-t'-l-i
+ I T - T Ta T
- ) + = + +;+F-T-|-"-r_"f|'T';’
- A A s + =) * -’i-; +
- + =3 %3 =3 ) PR -r:‘, >
- vvwve fow o e b
o+ i Bt B0 B 209D R
-  h = & reed ol
=+ = o+ t-i'+:£)'+:-!:i+i-'l-‘-i +>'
-  w v v)-Eivi-Eivi.'., -
B +3 =3 +) PO SR SRR LA
o :’ I ) +;.Ff':-'!-!-’»--’

1000 atoms

> 30 Angstrom




1. Threshold Inhibition

(f/mﬂumummwu)

2. Crystal Modification

(f/mﬂummlaﬂuuﬂmfﬂwaﬂ)

3. Dispersion

(ﬂﬂdﬁﬂgﬂ&léﬂlﬂ?ﬁlﬁﬂﬂ’)j‘mﬂﬂ@'ﬂ)
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1. Threshold Inhibition

— —

lons —— lons Pairs —— | lons Clusters

I

Critical Size

o i i 1 . 1 o d . .
1’1’7@’7ﬂﬂ@ﬂi[ﬂdﬂiﬂ?ﬂﬂﬂﬁ@ﬂj‘ﬂﬂﬂﬂqLlllJ?ZliJ’)ﬂQﬂi]Pl
(critical size)
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2. Crystal Modification

— —

lons —— lons Pairs —— | lons Clusters

|

< Nucleation «—— Critical Size
Crystals

® EIUEI\?Y&I???LﬂP]ﬂ’?Tﬂ@PVJ?ZIﬂ\?&Iﬁﬂ WJJ‘.’ZILI’WIﬁ

Discrete

v
Crysta ls ll?ZI\?LLfI\?‘.’ZIlJ

B i Agslomeration——> Scale A '




3. Dispersion

— —

lons —— lons Pairs —— | lons Clusters

|

< Nucleation «—— Critical Size
Crystals

a o/ p=1 /A A’
l ﬁlllﬁl\‘i‘lﬂplﬁlﬂﬂﬂ'lj‘f@ﬂﬁ@i[ﬂ\?f\lﬁﬂ ANZduUIAN

Discrete

Ll/ﬂﬂﬁllﬂﬂuwv sAa A scale

Ero Tt @" Agglomeration——> Scale A

Crystals




Inorganic Scale Formation

Gauses

>High Alkalinity and High Silica

>High Hardness or Metal Oxide Content
> High pH

> High Recovery

>Dosing System Failure

>Incorreot Pretreatment Chemicals




Inorganic Scale Formation

> ﬁm‘ﬁtﬁu Double Charge ﬁﬂﬂaﬂ%ﬂﬂﬁu
Single Charge azliina Scaling Lyu
2Na*,CO,” 3@ Ca**,2CL

> ﬁmﬁtﬂu Double Charge nUfnsannu

Double Charge 3zt Scaling 1% Ca®,
RO~




Non-Scaling

1. Non-Scaling Carbonate :
Sodium Carbonate - Na,CO,

2. Non-Scaling Sulfate :
Sodium Sulfate - Na SO,
3. Non-Scaling Hydroxide :
Sodium Hydroxide - NaOH
4. Non-Scaling Silica :
Sodium Silicate - Na,S10, Na,SIO0




gﬂttuumm%ﬁf’h(smca) AWU IRUI555HNAR

1 (1
LU 3 gmm‘uﬁ@

1. Reactive Silica (Dissolved Silica)

- Monosilicic acid (Si(OH)4) or H4$i04
— Disilicic acid (H2$i205)

- Polysilicic acid (OH),Si-0-Si(OH)-dimer

2. Colloidal Silica (Si0O,)_

3. Particulate Silica — Sand or Suspended Solid

e

(Eae




Size vs Type of Silica

Size vs type of silica Size Microns
Filterable >0.45
Colloidal 0.01-0.45
Polymeric (“giant™) <0.01

Monomeric <0.0001

7111 : Behavior of silica in ion exchange and other systems by Peter Meyers presented at the

international water conference. Held in Pittsburgh,PA October 18-20,1999 o




Javsndlnasaninuaunsalunisazanavssdanife pH uag

Temperature V291N

Effect of pH on Silica Solubility Published Silica Solubility

4 / |——Puplished Dats  Fudged Data|

(=)
w

/

s
S
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ST
>2
3
=
3
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4 45 5 55 & 65 7 75 &8 &85 9% 95 10

pH

pH 1 waz pH g9azdINanaN15aLA18YIYEANT

Temperature geagyinlviganiiininuauisalunisazanglan




'300 micron

membrane

' S50 micron

scale layer

Silica Coated




Membrane Scaling

EHT= 3.00 KY WD= 15
20.0pum b—ouw—

mm MAG= X 1.00 K PHOTD=




Deposit of MnO,, on RO Membrane




Iron Deposit on RO Membrane




The additives commonly used fall in two categories :

1. Polymeric(P)
- homopolymers of acrylic acid
- maleic acid

- copolymers containing different functional groups

2. Non Polymeric (NP)
- phosphonates

- polyphosphonates
- Phosphono carboxylic acid

Y.




» Anti-Scaling Chemicals routinely used in RO systems:

o Sodium hexametaphosphate (SHMP)(NaPO,), (NP)
¢ Pentasodiumtriphosphate (STP)(Na.P,O,)) (NP)
e Formaldehyde (CH,O0) (NP)

e Polymeric carbonic Acid (C.;H, O,CH,0,) (P)

O

e Polyphosphoric Acid (H_,P O, .)(NP) il ?F! I

P

I Il I
Na*o_ Na'o Nao .,

e polyacrylic acid(PAA) (P)
e polycarboxylic acids (P)
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IWan Fomad mieengns | Anwdasdunne pH ANHUZNIIMEN TN M3y
Type Yowt
Houseman Ltd Permacare ' 191 | Phos 1.36 10.5 YoM MHADIBOU ﬁ?vlﬂ
471 | Poly 1.28 8.3 Yo UNAIToOU RO nzia
391 | BI. Phos 1.1 11.0 vouviad la luild RO/ EDR vH1AIAN
510 | BI. Phos 111 2.6 VOUHAITIHADIDOU AIUAUFAM
289 | Sulf 1.0 1.4 nsagnansele MivoIua
FMC Flocon 100 35% 1.17 3.5 YouHaIdHa0IgoU arnSuatiunig
260 1.16 <2/0 YoM MHanIau A1INTLVIUA
BF Goodrich Aquafeed AF 600 35% 1.2 3-4 VOUNAITVID AN ADIS 1Y AzNiu
AF 820 37% 1.2 43-53 | vauvardvnnunanis iy ATUBIUA, AITNTEIIVAD
AF 1025 37% 1.15 2.5-53 | MINTWAD
Calgon
GE-Betz Hypersperse o 1.05-1.15 35 YoIHa Ao UN I8 1Y ‘ﬁ’J"lﬂ
AF120UL
AF150UL 1.1-1.2 25+ YoIUMAITOIUDITS Y ANTNTLVIWAD
SI300UL 1.05-1.15 48-55 | veamaideeunsds i FaAN1
King Lee Pretreat Plus 5-8 UBDIUHAD ‘ﬁ’J"l‘l]
-0100 1.03-1.13 1-2 voaral 154 oon lodvealany, Fam
-1100 1.03-1.13 2535 | veunan15d A1INTEIVAD

-

d'. T [V d't:l o " Q'J
M319N 3 ﬁﬁ‘l‘ﬁl']ﬂﬂ&’ﬂ‘i‘I-ﬂmin‘ﬁ‘lﬂﬂiﬂﬂﬂ'ﬂ‘]_l

A3 IATUNITFUTDINNUINTFIUTZAUUIEINA 19U UIRTFIUETRNLAluLNANYDY NSF

17'i8J'1 : Waste & Energy Thailand, May-June 2009
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IUUSUINISLANESHUIINENTU

Scale Inhibitors

ST,
S](f) CF

Where:
S/ = ADANULVNVUVRIEITNUIRZNSU LU Uu(diaansu/ans)
S/ o = ADANULYNVUVDIFITNUINZNSU LU LI UNTUTIDBNN
(Hagn3u/ans) aeg5endng 12 - 16 Aadniu/ans
CF = faduus=ansannududunansinisiinauAunufiissuutiv

_ 9
- CF_QC

Metropolitan Waterworks Authority

i - Waste & Energy Thailand, May-June 2009

é\‘ | I




Chemical Attack

8upuBuYnNISnA Chemical Attack

> gansipditvaasunenausnnfiulu(Overdosing) Tuszuu

Pretreatment
> LADNTUAYDIFISLANNANIIR

> AnmsUnitouyasastAd iRy

21nN15NLYUBN A Chemical Fouling

> 17 Permeate A1 Conductivity g9

v
> mmm@um\‘lﬁﬂumﬂ’ﬁu(Feed Pressure) afag
285




General Rule of Troubleshooting

e First Stage Problem - Fouling (organic)
e Last Stage Problem - Scaling (inorganic)

o [Dissolved Gas can not removal then it pass through

membrane to permeate water (pollute) : CO_, N, H S

e Permeate water : pH decrease from Carbonic Acid
(H,CO,), Silicic Acid (SiO,(OH)
CO, + HO 3 H,CO, PERMEATE

4—2x>n

Fouling (organic)

— 279 Stage
1" Stage E—
- \

Scaling (inorganic)




TROUBLESHOOTING GUIDE 1

Permeate Salt Differential Dijrect Indirect Corrective
flow passage pressure
cause cause measure
" ‘.‘ :> Oxidation  Chlorine Replace
damage ozone element

Membrane Permeate Replace
leak back Element
pressure Improve
Or Abrasion filtration

T T

-
-

leak Installation  “O” Ring

Leaking Damaged Replace
Product during element
Tube loading

—
:> “O” Ring Improper Replace
—

-
-




TROUBLESHOOTING GUIDE 2

Permeate Salt Differential Dijrect Indirect Corrective
flow passage pressure
cause cause measure
Scaling Insufficient Cleaning
1 I t Scale Scale control
control
Colloidal Insufficient Cleaning
1 ' ' Fouling pretreatment  Improve
pretreatment
Biofouling Contaminated Cleaning &
1 E> I Raw water disinfection
Improve

pretreatment




TROUBLESHOOTING GUIDE 3

Permeate Salt Differential Dijrect Indirect Corrective

flow passage pressure
cause cause measure

1 ‘ :> Organic Qil/Greases Cleaning

fouling HMW Improve
Polymers pretreatment

1 l :> Compaction  Water Replace

hammer element or
Add
elements




LLUUIARANTTLL

1. NISIANNYUVDILNADNNIUDDNUN

v
N3N Uy

1.1 JUIUAMUNYINTIVIINISITUATIVD AT INUD
1.2 davinlusiwaam s lwdiwenavism dulym

1.3 AIS2EBUNISANEITLANN LY UIUANIEMAY AN
N3TUIUNITUUBLNDUYANNTIVIAAIIULAL
1.4 NASUINISNIAMUELDIALUU CIP

Metropolitan Waterworks Authority




LUIRANISTUA

2. ANSLNIUVDIAINISU W NIAT DA ULTIUTY
Tuynsas

v
n1sunUeyun

2.1 Gli’Jﬁ]ﬁ’e)‘Uﬂ’J’]ﬁJL"UﬁJ‘U‘N‘UEN‘IJ’]ﬂB‘NLLa mmaammu

sanunldunnudnduuiuliufifanudionnsld
Mudwdu nsdinainduveandettueanunld

Metropolitan Waterworks Authority




LUIRANISTUA

3. NMSINNVUVRIAIAIUAUAA(Pressure Drop)

Tuurvaunsauivy
N1TwAUNA

3.1 BuduAnuilesnssrasnseTuaIvaaAsaslianas
AsATUITINE9D

3.2 asndaudnsmsinavestndeunieridugen,

dnaziuguSeld wndasnisiniianduiuanas

LLa“é’msqma‘luammﬁqnimmﬁ é’mqmﬂwa%mﬁﬂﬂau

LLa“uwua“meuua“ﬂfmmuamumeuwummnu
Metropolitan Waterworks Authority




LLUIARANTTLL]

3.3 BUIUIINISUIUALUDIAULAZIUNDUNTZUIUNITDUS)
Nagnauninineuuni
3.4 Uaszuunaziun Pressure Vessel 91 Stage 1150

LNaRA8E18ANI3IEAgAAY RO Element %38l
= I 4 o a g
Yeazaana liauauan(Pressure Drop) LN

3.5 NA1SUINISNIANUEZRALUU CIP

Metropolitan Waterworks Authority




LUIAANISLA

4. NSLINHNYUVDIDNSINSAAVDIUINTDS

(Permeate Flow Rate)
N1TwAUNA

4.1 HufuanuiiesnsavasnissuAvasasasiie

4.2 9529EDUTTUUAILAN VeTiATinaldvasdnsnis
Inavastinsesgnideuly

4.3 N5FDUUNHULATNINTUINANTENUVD 9D UNHA
fifidon1siAuszuy aamgiifigeuazinlidnsing

. 11av83uINIB NNV URINEN1IZD U AN
&~ i Metropolitan Waterworks Authority




LLUUIARANTTLL

4.4 @39369UAY TDS vasurUaumindtasasdenaln
9M31N15MaVBIUINTDIFIVULAYTITUYIA WIN
LSIAUUBULAZENIIZDU AN

4.5 ATIVHIUAMAINUINGDY LU AAMU WA 91N
Wasuwlaslulunieiigeunaniainenatinnssn
= < = o v o a
5989AUIaUTEINUY B1liNaintnUUSuunIua
WulUdaiinsasla

Metropolitan Waterworks Authority




LUIAANISLA

5. N15aARYIYBIDNTINISAAVDIUINTDS

(Permeate Flow Rate)
v
N3N YUY
5.1 JUIUAMUNYINSIVDINITITUAIVDIATDIND

5.2 AF99FBUITUUAIUAN UNNAINASLIUBI9ATING

Inaveansasgnilasuly
5.3 ASIAHOUYURANUASNITTUINANITZNUYDIQURANH

NifaN15AUITUY aaunniiNanasayinlionsnig

. 111av99UIN399aN8IRINEN1E DU A
&~ i Metropolitan Waterworks Authority




LA NTITLLE

54 #53980UA1 TDS vaadauningduasdenaly
9RIIN15NaVDIUINTBIA1DILAYSTITUVIA WIN
LSIAUUBULAZENIIZDU AN

5.5 SUSUAMULLULIVDINISATUIN BINATUULAY L
LUSHNTUADUNILABTUIDISUUATUANLAZAIUINS
A8 NDIUSU

5.6 Wa15sun CIP

Metropolitan Waterworks Authority




LLUUIARANTTLL

6. N15ANAIVDIINTINTNAVDIUINTBINQALABUAN
(WIDNITLNNYUVBITINUTULARDUNG LB UAT)

Y
N3N YUY

6.18UIUAIULNYIRSIVDINISITUATVDILATDIUD

6.2 YUIUAMULLULIIVDINISTATIUIN BINATULULAY L
LUSHNTUADUNILABTUIDISUUATUANLAZAIUINS
A8 NDIUEU

Metropolitan Waterworks Authority
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6.3 #333d0UA1 TDS vaadaunngsduasdenaly
9RI1N15MaVe9UINTBIA1ALAYSITUYIA WIN
LSIAUUBULAZENIIZDU AN

6.4 Wa15eu1 CIP

Metropolitan Waterworks Authority




Membrane Cleaning

(CIP)




1UseaIAYaIN15YIn CIP

=

1. aZa19LaznN1NNSNSUE15UUNTY

(Inorganic Scales)

2. AT IvaZaNNaAN13naan bu(SS)

(Organic Fouling)

3, MatekaziInAIIuaUNTE(Bio)

(Organic Fouling)

Metropolitan Waterworks Authority




Membrane Cleaning

Hydraulic Cleaning (10~30 minutes)
" Water/Air Backwash(a13)

" Air Scouring (a13)
® Water Flushing

Chemical Cleaning (1~8 weeks)
® Free Chlorine (Sodium Hypochlorite)
® Acid/Base
® Other strong oxidants, such as H,O,
® Reducing agent, such as SBS(NaHSO,)
® Chelating chemicals, such as EDTA

® Proprietary Chemicals (surfactants)




Membrane Gleaning

» Hydraulic Cleaning

e DASINTI AV IUILALSZYLLI81N1S Back Wash

174

=X v Y A < Y o 1 W 1
YURYAULHEN membrane WUHNMUAARIAINET"

» Chemical Cleaning

o ADULVUVUVDIASLANNLASIN DRSNS LRaLa
s2e2LaN I¥a199INAUELRN VLB LN UKKAR
membrane WUHAAUAAIAINGT?
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FLNTIATIINFZBTIH Membrane tila (15 ?

+ L9dNIIN5H1AVa9UINIY membrane #1gn
WauA1(NPF) anag 10-15 %

. ANUAULANGNGLULARE stage LWHIU 15-25 %

- SogazvaINseau lvitndakuigniiaua (NSP)
NI 5 - 10 %

. 52AUUN LD LAULIEZDIALAN(Permeate Water)
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ATAUNTISANNTIAINFZ168(CIP)

1. SEUUNEANI9TU High Pressure Pump g
N11497U Feed Water Pump 2:11n1589U1028
L399 UIZAURUILUlUa19(Flush) RO Element

305

nauUszanas 1 win(Hydraulic Cleaning)




21ASgUEISLANAIIA INLTINTULYLAYL 5
¢ & ¢ % ::i o P~ a Y %

lWUasLEUR UNNUINILAToUUNRASLYUINSDILAS

A3 3daU I lidinaasuadluttiiiunsey

3.911N15819728719(Alkaline Cleaning) +UuL2an
30 - 60 W1 AUANAT pH Tviagludndnnvas
NLUSUTL LES A58 98281 a2 1A
(fFlush)iiadnesnsiivasmaeaglveanluuszana
1wl (mqefuendiarsudinduna 1 - 12

681?111@) (remove foulants like oil or biological matter)”




4LASYUEISLANNSAAINNLYNYULULAY 5
Wasidud dniinuessuuniazldiinsesuas
Arsmsradauilifinaeiueglutiiitiunnien

5.41Nn15819078n5ANaU(Acid  Cleaning) 1Uu
98130 - 60 w1 AmuANAT pH  viedluda
SN AVDUUUUTUL L 1a5AUEIIN5E198281
dz1a (flush)iiledensaiivasvieaylvaanly
UJszanas 1w (mqwﬁuan'quswﬁﬂLf]ulfam

@
1 -12 GU')IlN) (remove foulants like mineral scale or metal

307
oxides/hydroxides fouling.)




Tugunauni1syn CIP azlatianuszun 2 ¥2lug

1. SEUUNEANINUY High Pressure Pump g
N191U Feed Water Pump az¥innsasingae
LSIAUTEAUNTLNEN1US19 RO Element Aau
Uszanad 1 Wi (Hydraulic Cleaning) 208




Hydranautics recommends that the membrane system operator thoroughly investigate the signs of fouling
before they select a cleaning chemical and a cleaning protocol. Some forms of fouling (iron deposits and
scaling commonly associated with well waters) may require only a simple low pH cleaning. However, for
most complex fouling phenomena, Hydranautics recommends the following sequence:

1. Flushing with permeate with addition of non oxidizing biocide (DBNPA or similar type) at the end of
the flushing.
High pH CIP - Temperature versus pH as per recommendations in this TSB

Flushing with permeate until pH on the brine side is below pH 8.5
Low pH CIP

Acid flushing with permeate and non oxidizing biocide (DBNPA or similar type)

309
Source : Hydranautics membranes




Cleaning and Flushing Flow Rates per RO Pressure Tube

Table 5: Cleaning and Flushing Flow Rates per RO Pressure Tube
(Pressures are notto exceed 60 psi (4 bar) atinlet to tubes.)

Element Diameter GPM LPM
4-inches 61010 2310 38
6-inches 1210 20 461076
8-inches 24 10 40 91 to 151
8.5-inches 271045 10210 170
16-inches 96 to 160 360 to 600

YINA : Atfp://www.membranes.com
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How much cleaning solution will | need to clean my membranes?

Table 6: Cleaning Solution Volume Requirement per RO Element
(these volumes do not include volumes required for piping, filters, etc)
(these volumes do not include initial 20% of volume dumped to drain)
Normal Heavy Normal Heavy
Element Size Fouling Fouling Fouling Fouling
(Gallons) (Gallons) (Liters) (Liters)
4 x40 inches 25 5 9.5 19
6 x40 inches 5 10 19 38
8 x 40 inches 9 18 34 68
8.5 x40 inches 10 20 38 76
16 x 40 inches 36 72 136 272

VINN : Aifp://www.membranes.com

Estimate of Cleaning Solution Volume
V=Elx Vol x5
« EL = Number of Elements(RO Element)

« Vol = Volume of one element from Flow Tables

Remark : 1 gallon = 3.785 liters 311
AN htip: //www .wadtertreatmentquide . com/ membrane_cleaning1 . htm




INYANIAIMUNEBIA Membrane NS 2

NYANIIAUFZDIANABLN DA a1l

Wasuulag

o pH
e Pressure
e Pressure Drop

e Flow
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NN LSULAUSZUULULAD 24 B2l

+ 9MFIN5 MAVBIUKIULUNLUTY (Permeate
flow) nauganwwmiiaussuulntvsalnalngs

» AUAULANANYRN lulLAaY stage NAUY
dnnmdlauseuulnsvisalnalfgs
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WSUmmary of Fouling Material & Cleaning

Chemicals n

Cleaning Chemical For Fouling Material

NaOCl (sodium hypochloride) Biological; NOM; Synthetic
polymers

Acids (HCL, H,SO,, Citric Acid) Inorganic deposits

NaOH NOM

Sodium bi-sulfite (SBS)(NaHSO,) Reducible metals (Fe, Mn)

H,0, NOM

EDTA Metals
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SHLLIAINISEAUSAYY Membrane Element

NINTLUURYANINU

1. N1SLAUSN®Y Membrane Element Tu Pressure
Vessel Tuga9szaziianrdua(uusdan 3 09 30 )

2. A1SLAUSA®T Membrane Element U Pressure
Vessel lTugi9szaziiaruirua(uutden > 30 Ju)

3. AN5LAUSNEY Membrane Element LUULLIAS LY
328212271UIU(U1NNTT 6 LHDU)
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1. N1SLAUSNWY Membrane Element Tu Pressure

Vessel Tuga9szaziiandus(tuusdean)
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1.2 Waudann ldununiiagnlasanliduan
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2. m'iLﬁU%’ﬂw’] Membrane Element lu Pressure

Vessel Tuga9szaziianunue(wuuiden)
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2. A1SLAUSA®T Membrane Element U Pressure

Vessel Tug9szazira1uu s (tuutden)
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1518 N1FUN1ISLAUSNYY Membrane Element #1053 UU

NYANINUTUTLELIATUIUNINNDT 6 LHDU

Formaldehyde

A formaldehyde solution of 0.1 to 1.0% concentration may be used for system
disinfection and as a preservative for long term storage.

Glutaraldehyde

A glutaraldehyde solution of 0.1 to 1.0% concentration may be used for system
disinfection and as a preservative for long term storage.

Isothiazolin

Isothiazolin is distributed by manufacturers of water treatment chemicals under the
trade name Kathon. The commercial solution contains 1.5% of the active ingredient.
The recommended concentration of Kathon for disinfection and storage is 15 to 25 ppm.

_ & | Metropolitan Waterworks Authority




1518 N1FUN1ISLAUSNYY Membrane Element #1053 UU

NYANINUTUTLELIATUIUNINNDT 6 LHDU

Sodium Bisulfite

Sodium bisulfite (SBS) can be used as a non-oxidizing inhibitor of biological growth at
higher doses, particularly for aerobic bacteria. SBS at higher doses may be considered
to have biostatic properties that inhibit biological growth, in part by removing available
oxygen to aerobic bacteria, which in turns creates a hostile environment for bacteria,
algae, and fungi to grow. To control biological growth with sodium bisulfite, it is applied
at a dosing rate of 500 ppm for 30 to 60 minutes daily.

Sodium bisulfite at a 1% concentration can also be used as a preservative during long
term storage of the membrane elements. Membranes preserved in a 1% SBS solution
in a pressure vessel should be checked on a monthly basis to assure proper
preservation. If the pH of the preservation solution drops below 3.0 due to oxidation by
air, the solution must be replaced to prevent membrane damage.

< 5D Metropolitan Waterworks Authority




Hydraulic Cleaning(Hollow Fiber Membrane)*

R
\ Hq. -
- [ -
. \l\\,\’" > ." "’O.
Feed \u' - | Back # - \ Back
~ NN Wash -~ wash
Filtrate Filtrate
Flux: 35-85 GFD Flux: 175-200 GFD (298-340 1/m?/hr)
(59-145 1/m2/hr) Pressure: 35 psig (242 kPa)
Frequency: once every 15-60 minutes

Transmembrane Pressure:
4-22 psig (27-152 kPa)

HYDRANAU TICS

A Nitto Denko Corpo
www. membranes.com

Recovery: 90-98% (w/ BW) |




Chemical Cleaning

Concentrate

e Filtrate

Frequency: Once every 1-2 months
Cleaning chemicals: NaOCl +NaOH
or Citric Acid(C,HO-)

B. HYDRANAU TICS

=—3 A Nitto Denko Corpo
1 www. membranes.com




IP 39UU Reverse Osmosis
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11 CIP 52UU Reverse Osmosis
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CIP 9%UU Reverse Osmosis
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391 CIP s2uUU Reverse Osmosis
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Electrodialysis (ED)
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Electrodialysis (ED)
- 0

e Common Problems

— Scaling or fouling

— Precipitation of magnesium hydroxide or calcium
carbonate

e [his may cause increased electrical resistance and
damage the membranes

e Acid is usually feed to ensure scale-free
operation




{Electrodialysis Filtration Enhancements}

'Pre - Treatment] ‘RO Process| (ED Process |

Organic + Coagulant

Matter

colloid + Coagulant

Membrane
Filtration

Ak Cochange Merntime

||||||

Coreenlrale

Ferrous + Oxidant

Particle

Removal *

Treated Water

Hydrogen + Oxidant

Sulfide
Organic + PAC

Compounds 336




Electrodialysis (ED)
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Electrodialysis (ED)




Electrodialysis Reversal (EDR)




Electrodialysis Reversal (EDR)




{Electrodialysis Reversal Filtration Enhancements}

'Pre - Treatment] RO Process| (EDR Process

Organic + Coagulant

Matter

colloid + Coagulant

Membrane
Filtration

Ferrous + Oxidant

Particle

Removal

Hydrogen + Oxidant

Sulfide

Organic + PAC

Treated Water
Compounds 341




Membranes Market

1. AMI Membranes =M™ MEeMBRaNEes

ITOYOBO Membrane Products|
2. TOYOBO Membranes GRS

——

3. Hydranautics Membranes heraaurcs™ A NITTO DENKO

.....................

4. Koch Membranes Mttt

5. FilmTec (DOW) Membranes FILMTEC

MEMBRANES
6. DuPont Membranes .ﬂlﬂﬂﬁmm@mm_m

7. Toray Membranes “TORAY”
8. Trisep Membranes /\ TRIS =

. CORPORATION

9. Saehan Membranes SAE HI\'>|/\I
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US STERILES

E——";éf HYDRANAUTICS
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High Performance Membrane Products
A Nitt

o Denko Corporation
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Specification compar

SAEHAN
e e —

Model Rejection(%) Flux(GPD) Surface Area(ft?)
RE-8040SN 99.2 l 6200 l 330 l
RE-8040SR l 99.6 l 6000 l 380 l

HSR(Developmentl 99.8 l 5200 l 380 l
@ (Filmtec)
SW30-8040 l 99.1 l 6000 l 300 l
SW30HR-380 l 99.6 l 6000 l 380 l
“TORAY”
SUS820 l 99.75 l 4000 l 295 l
SU820FA l 99.75 l 5000 l 335 l
SWC3 l 99.6 l 5900 l 370 l
SWC4 l 99.8 l 5200 l 370 l

-




Sea Water RO membra

250
Unit: 290 OTHERS FILMTEC
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Reference:

“The 1998 Guide to the US Membrane Industry”(Desalination Sea Water TFC Membrane Market)
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Growth of the Industry

North American MF/UF Installations - Drinking Water
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Growth of the Industry

North American MF/UF Installations - Drinking Water
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SUMMARY FIGURE
GLOBAL VALUE OF RO SYSTEM COMPONENTS FOR WATER

TREATMENT, 1990-2014
(8 MILLIONS)
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Source: BCC Ressarch




Desalination Is Growing As Well

Number of Installations

Capacity (mgd)

—mg

%

BWRO

EDR SWRO

BWRO
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