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Lenntech
Seawater intake Pretreatment Reverse osmosis Post-treatment
- Subsurface intake - Conventional: - Spiral wound modules - Remineralization
- Open ocean intake coagulation & filtration with high-permeability - Boron & chloride
- Membrane-based membranes removal
- Disinfection

Energy Consumption

Brine discharge

- Offshore ocean outfall
- Dilute with plant discharge
- Multiport diffuser
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1- Intake basin.

2- Transfer pump.

3« Chemical dosing.

4. Coagulation Flocculation system.
6- Dual media filters.

11- Buffer tank.
13- 2™ stage ra
6- Chemical dosing.

7- Cartridge filters,
8- High pressure pump.
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15- Transfer pu

17- Storage tan

[15]
—D

I

10- Recovery turbine.
12 2¢ high pressure pump.
14- Decarbonater.

16- Chemical dosing.
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1 — Intake Basin.

2 — Transfere Pump

3 — Chemical Dosing.

Salinity Buffer Tank

Sulphuric Acid + Polyaluminium Chloride +
Polyeletrolyte + Chlorine Dioxide

4 — Coagulation Flocculation System.
5 — Duel Media Filters.

6 — Chemical Dosing.

Anti Scalant.

Diatomaceous Earth Filters.

7 — Catridge Filters.

Ultra filtration of seawater

8 — High Pressure Pump.

9 — First Stage Racks (RO).

Al a1

A EVT)

(sl (aala sl ALa)) dpes) e ) - 3
. dallall sluall I A

Ao+ sl agiagll (Jg + s adla s
o oIS ] A 4l g

Ll (g baldd) g g il (R g - 4
g9l gl ciadall — 5

Asipasl e al) - 6

. 295l ¢ o< saaal) il ) Bala (jia

sl o )Y clad

Adigh A cladi e - 7

o o) olaad (AN Fadi )

Alad) Jaal) dizaa - 8

. Sal) aliall g A jall - 9

10



10 — Recovery Turbin . gt Bt — 10
11 — Buffer Tank. Jos oia-11
12 — Second High Pressure Pump. A ) il dddaa - 12
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Feed Pump
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- typ. 300 to 2000 m from shore —
Source water conveyance conduit
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[nlet Distribution

Anthracite / Coarse Layer

Sand / Intermediate Layer

Garnet / Fine Layer
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ACTIVATED CARBON ADSORPTION
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WesTech - Granular Activated Carbon
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Membrane processes :

1. Reverse osmosis (RO)

2. Electro dialysis reversal (EDR)
3. Membrane distillation (MD)
4. Nano filtration (NF)

5. Forward osmosis (FO)

6. Electro Dialysis (ED).
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Distillation Processes :
Multi-stage flash distillation (MSF)
Multiple-effect distillation (MED)
Vapor-compression (VVC)

Solar desalination

s phalill ol 3l Gk

8 jal) amta e gl) ubal

ool 7 sa3a il

(VVC) il Ji) Jad L 48, o, 4,850 ddes Jabia
gl AU AaTl

Freezing desalination

. il olal) dlas

Nuclar Energy desalination

A 95 ABUIL, At

Geothermal desalination

LA M B0 all slual) Agtas

s Sy yal 53
: (16) Jsa

33



http://en.wikipedia.org/wiki/Membrane_distillation
http://en.wikipedia.org/wiki/Nanofiltration
https://en.wikipedia.org/wiki/Forward_osmosis
https://en.wikipedia.org/wiki/Membrane_technology
https://en.wikipedia.org/wiki/Reverse_osmosis
https://en.wikipedia.org/wiki/Electrodialysis_reversal
https://en.wikipedia.org/wiki/Membrane_distillation
https://en.wikipedia.org/wiki/Forward_osmosis
https://en.wikipedia.org/wiki/Multi-stage_flash_distillation
https://en.wikipedia.org/wiki/Multiple-effect_distillation
https://en.wikipedia.org/wiki/Vapor-compression_desalination
https://en.wikipedia.org/wiki/Solar_desalination
https://en.wikipedia.org/wiki/Freezing_desalination
https://en.wikipedia.org/wiki/Geothermal_desalination

TYPE OF MEMBRANES AND CHARACTERISTICS

Water Monovalent Multivalent Viruses Bacteria Suspended
lons lons Solids
MICROFILTRATION : : : : : : : :
Water Monovalent Multivalent Viruses Bacteria Suspended
lons lons Solids
ULTRAFILTRATION : : : : : : : : :
Water Monovalent Multivalent Viruses Bacteria  Suspended
lons lons Solids
NANOFILTRATION : : : : : : : : : :
Water Monovalent Multivalent Viruses Bacteria Suspended
lons lons Solids
REVERSE OSMOSIS
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N

10 ~ 0.1 0.1 ~0.01 0.01 ~ 0.001 0.001 ~ 0.0001
micron micron micron micron
Retentate

O

Permeate
Trans-membrane pressure: 0.2~ 5 bar 1~ 10 bar 5~ 10 bar 10~ 150 bar
@  Suspended particles AR Macromolecules
¥  Oil emulsions LY Protein
— Bacteria, cells A Sub-molecular organic groups
[«] Colloidal haze Q Monovalent ions
@  Viruses Q Divalent ions
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MEMBRANE DESALINATION

* Membrane processes use a semi permeable membrane to move water across the
membrane from the salt solution to produce fresh water on the other side of the
membrane.

*  Membrane desalination is classified depending on the driving force.

Process Size of materials | Driving force
retained
Microfiltration 0.1-10.0 microns Pressure difference
molecules
Ultrafiltration 5-100 nm molecules Pressure difference(1
- 4 bar)
Nanofiltration 0.5 - 5 nm molecules Pressure difference (S
(mostly charged - 15 bar)
species)
Reverse Osmosis < 1 nm molecules Pressure difference(10
- 60 bar)
(16) Js

L) Lse Y Juals

REVERSE OSMOSIS ULTRAFILTRATION
NANOFILTRATION MICROFILTRATION

Divalent = Multivalent

Proteins
lons lons
Aqueous Salts Viruses Paint Pigments
Sodium lons Dyes Emulsified Oils Bacteria
Flavonoids Colloidal Silicas ‘ Resins / Fats
Detergents Antibiotics Polypeptides
Atomic Radii Sugars Carbon Black \

Micrometers 0.1 1.0

Approx.
Molecular Mass

100 200 10,000 100,000 500,000
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RO Membrane
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Pump l {Low Concentration of Salts)
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Tampa Bay Seawater Desalination Plant

Process Diagram at 25 mgd Production

W Traveling Screens  Particle Settlement Sand Filters  Diatomaceous
- Filter out shells, wood Heavier solids are Smaller solids Earth Filters
and other debris settled and removed are filtered Microscopic materials
greater than 1/4 inch from water from the water are eliminated
Power
Plant Initial e
_ Chemical
Treatment p o
> >
4 mg Initial Le
Solids b1,
Removal ~
Solids ) <
Processing <
Solids are prepared
for off-site disposal u. Recycled Water
Water removed from
solids is recycled
.m, = =
R.O. 1st pass
m R.O. 2nd pass
8 Cartridge Filters
& In place to protect
B reverse osmosis membranes
m
z n
-~ L = N an
Pump Pump Reverse Osmosis Process (R.O.)
Under high pressure, water is pumped through racks Post
ncentrgte Return housing reverse osmosis membranes to remove the salt
Treatment
Concentrated Salt Water
19 million gallons of concentrated salt water
are directed back to the power plant,
mixed with up to 1.4 billion gallons of Energy
cooling water and returned to the discharge canal Recovery
then to the bay Turbine

Regional Blending and
High Service Pumping

14 miles away, the regional water facility
will blend the desalinated water

with treated surface water

25 mgd of clean water
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Tampa Bay Seawater Desalination Plant
Process Diagram
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Material
Height
Brand

(21) Js&
Tube Settler Lamella, 500 MIr il (2 g

Sea Water Desalination

PVC
500mm, 750mm, 1000mm
Proflex
(21) Js&
PVC Tube Settler Media Awss¥) o il Jailu g
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. Shell & cap / Main body: FRP
. Closure cover plate: FRP

. Support legs: FRP

. Inlet flange: FRP

. Outlet flange: FRP

. Air vent: FRP

. Drain: FRP

. Deflector plate: FRP

MATERIALS

1
2
3
4
5
6
7
8
9.

. Guide plate: /

. Lifting lugs: FRP

. Closure bolts: SS 316

. Main body gaskets: EPDM

. Support rod: PA + FRP

. Cartridge element: PP

. Internal support rod: FRP + PA

(24) Js<
Bottom Inlet Type Higher Flow 4sblu/3a 3400 — 275 : Cisalll - (Aaaddl) L gh Al) ged s Jualds
Cartridge Filter Housing
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114

.Shell & cap/M

. Support legs: S

. Inlet flange:

. Outlet flange: FRP
. Air vent: FRP / PP

. Clean drain: FRP

‘

[~
Q

MATERIALS

. Tube sheet:
. Guide plate /
. Lifting lugs: FRP
. Main body gaskets: EPDN
. Support rod: PA + F
. Cartridge element: PF
. Dirty drain: FRP
. O-ring support plate: PVC
. Structural plate: FRP
. Securing plate: PP
. Locking rings: PP

(24) Jss
Aol /32550 — 6 : chpalll ; G palll - (Axaddl) 4 gh Al 7 ja
Bottom Inlet Type Higher Flow Cartridge Filter Housing

: Horizontal Sand or Multi Media Pressure Filters 488y kil cilad s
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https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D8%AD%D8%B5%D9%89
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High pressure pumping system at the Tampa Bay Seawater Desalination Plant
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How Nanofiltration Works

During nanofiltration, Contaminants
pressure is used fo ‘ Bacteria
force contaminated .
source water through @ Colloids
a semi-permeable & suspened Particles
membrane.
# Viruses
‘ Proteins
@ Monovalent lens
) Multivalent lons
. . A nancfiltration membrane
Nanofiltration is capable of removing
Membrane contarminants down to

0.001 microns in size.

Manofiltration remowves
nearly all bacteria and
viruses, most organic
matter, divalent ions
and up to 90% of
monovalent ions.
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Spiral Wound Membrane Element

Concentrate (Brine)
Water containing
rejected impurities.

Feed Solution
Water containing ions,
organics, impurities such as

‘Permeate (Purified Water) microorganisms, and
The level of purification depends on suspended solids, is fed into
| membrane type (RO, NF, UF, MF). the membrane element.
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Microfiltration Ceramic Membrane Element
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American Membrane Technology Associations
Microfiltration Membrane Filtration (23 g 5 sLéé
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MF UF NF RO
¥ (;_¢ - )]

SS, high molecular Macromolecules, Small molecules, Salts, ions, color,
weight especies, cololds, virus, polivalent ions tow molecular
crypto, giardia, proteins, pectins,... (Ca, Mg,...) weight especies
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Simplified diagram of the multiple-effect distillation process
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How engineered geothermal exchanger

systems work T A =,
|

Ground level

1. Cold water is pumped under pressure
down an injection well and is heated
in the geothermal reservoir,
2. The hot water returns to the
ENSULATENG surface under pressure,
SEDIMENTARY

ROCKS 3. The hot water heats up a secondary

Production well
Injection well
Production well

working fluid via a heat exchanger.

4. The vapour from that fluid spins
a turbine to generate electricity.

HOT GRANITE ' P,

Ly

Geothermal reservoir

Sources: Geodynamics; The Economist
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Various types of nuclear desalination systems

Reactor

type

ILMFR

PWRs

PHWR

BWR
HTGR
NHR

Country

Kazakhstan

Japan

Korea, Argentina
Russia

India

Canada

Pakistan

Japan

South Africa

China

() IAEA

Desalination

process

MED, MSF

MED, MSF, RO

MED, RO
MED. RO
MSF, RO

RO

MED

MSF

MED, MSF, RO
MED
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Operating since (2002+2010)

Design stage

Operating since (2010)

Installed

Design stage
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Post Treatment for Seawater Desalination
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FLOTATION UNIT
Chemicals are added to
accumulate impurities into The Sc‘l‘:ORAGE i
bigger partcles, and air is treated water is blended
pomped to make lighter GRAVITY SAND UNIT with resscvoir water and

particles float to the surface The water is filtered through distributed to homes,
for easy removal, sand to remove heavier particles.

INTAKE SCREENS 3
Seawater flows into the plant POST TREATMENT

h an open seaw: The water is
inu'lfxgguctum with m.:h?rmca‘ REVERSE OSMOSIS UNIT remineralised; lime is
rake course screens. Chlorine is T:ecdpﬂe-trcatcd seawater is added to adjust the pH
added to inhibit marine growth pumped at high-pressure through level and improve the

in pipes and other structures semi-permeable membranes to taste, Chlorine is used
throughout the system, separate dissolved solids. The to disinfect the water,
same technology is used for the and Fluoride is added
NEW.ater process, except that the for dental wellness
water passes through the reverse 2
osmosis membranes twice.
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Four Solutions are Widely Used to Remineralize Desalinated Water

Remin. o )
Description Minerals
Process
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i » 15 Mg/L Mg+ 5 Mg/L Ca + 125 Mg/L Na +
Blend With 1% Clarified
1 o 220 Mg/L Cl + 25mg/L SO4
Seawater + pH Neutralization
pH 7-7.5
CO, Addition + Calcite
) 80 Mg/L Cacos
2 Limestone (Cacosz, Mgo)
_ pH 7-7.5
Percolation + Na,COg3
CO; Addition + Dolomite
i 80 Mg/L Caco3 + Mgco3
3 Limestone (Cacosz, Mgcos) H7.78
Percolation + Na,COs P '
100 Mg/L Caco3
4 Addition of Cacl, + Nahcos 100 Mg/L Na + 50 Mg/L Cl
pH 7-7.5
Water Quality for Drinking and Irrigation Water
TDS After 2-Pass SWRO EC After SWRO +IX SAR After SWRO +1X
Remin. B R I B R I
emin (Boron Removal Process) (Boron Remova (Boron Remova
Process Process) Process)
fi
or for for
Drinking Water Irrigation Water Irrigation Water
1 350-400 mg/L 0.8-0.9 8
2 50-100 mg/L 0.3-0.4 2.5
3 50-100 mg/L 0.3-0.4 2.5
4 250-300 mg/L 0.6-0.8 6.5
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Diffusers are fitted to the product water treatment systems, allowing chemical dosing to be used to
adjust the hardness and pH further if required.
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Re-mineralized
water
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Re-Mineralization of Desalinated Water Using a Mixture of CO2 and H>SO4
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Filtration velocity || 8-30 m3/h.m2
Diameter 50 cmto 1m 1to3m
Filtration area 0,2t0 0,8 m2 0,8to 7 m2
Flowrates 10L/h to 25 m3/h 6 to 200 m3/h
Pressure ratings |4 tol0 bar
Epoxy-coated steel
Vessel Materials || Polyester composite
Stainless steel (on request)
Bed depth 1 meter min.
Filtration media | Calcite (CaCO3 99%)
Top manhole 21/2 to 6" DN 400
Accessories 5-ball or butterfly valves 5-butterfly valves
Options Manometers, degaser, flowmeter
Control Automatic or manual backwash, on timer and.or differential pressure
2 (11) ds — (A Gl i dallaal) day e il Cilids
(11) Jds=
Post Treatment Technologies Vary Upon Final Application (4! il dic dadlaal) e cilaids
Process Drinking water Irrigation water Process Water
Sodium chloride < 450 mg/L SAR optimized minimized
Calcium, Magnesium Hardness 6-10° D minimized
pH 6,5-8,5
Boron - Crop department -
Disinfection required Not required
Lenntech
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BIA (e slall say Ladie | Seawater Membranes. sl s 43481 5) Brackish Water Membranes 4a slal)
el olaa Qi Bale ) g AN jdaal) (e B (Adal) o griall g p gl 58 5 088 ¢« 2nd-Pass (Al saal)
. Cacos sl / axa 100 Adall Hardness swad) Ggdadl 3Gl

Allad) o gl g Adladl 2 g guall ad B Basadl G pdl) olsa cilullaia pa Jolaall 134 (Gilaly

. Irrigation Water sV sk
oaly 4l A aal) Jledil) Cranday 31 o gl 9 o gaallSle 923 gual) (i )58 Ao dainip ¢ IadaT ST () olsa
Lad g, (EC) 4 <) Abagill 3 Sodium Adoprtion Ratio (SAR) assall gabass daudy 03 53 13
¢« (~200 mg / L TDS) dS/cm 0.3 fd 2 EC to Blall dal ¢ cbibill Law Jiay 4 ¢ sl 41)
& AUall Jall ob iy S ) 0 kad ol A RO Laoal ind g ¢ a gauatBiall g o gaedlSl) ¢a LS 58 i

. Remineralize. owail) 3ds) a5 ¢y 900 A1 3Y A a1 Jabill i) ) aladiad

: Process Water dalaall slual)

slaal Agallal) daal) daliie cilal Y JUSaY) ) ZUad Y A1) sbaal) £ 5 pan Jady Ll ale mllaas dadlaad) o)
¢ Al Jdall Jha ¢ sbal) ellgid ) 5 5gadl daiuaall cilS pdd) cdld Y Gy cllhial) ¢S L Bl )
Owal e Sale dadlaal) sbua (s gia3 o g ¢ 3 / Gl el B @D ) Lag ¢ AdRAal) sluall g ¢ DI
A JSU g qud®) B el il Qiall |ow Mineralization giadiia

: (12) Js2>— Post Treatment Summary 4allaall s Le cll (aile

(12) Jdox>
Post Treatment Summary dalleall aa e LS (adls
Process Drinking Water Irrigation Water Process Water
Remove Sodium Chloride 2nd Pass Ro (Bw - 2" Pass Ro (Bw
Or Sw) Or Sw)
Add Calcium, Magnesium Demineralization -
Ph +/-7 Naoh/ Hcl Injection
To Remove Boron Caustic Soda Specific Boron -
Injection + 2nd Removal IX
Pass RO
(BW Or SW)
To Disinfection Required Not Required

Lenntech
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RAW WATER DRAIN ALKALI
CATION CATION

DRAIN
TREATED RAW WATER ACID

e i ——
(1)SERVICE (2)BACKWASH (3)SIMULTANEOUS
REGENERATION

AR RAW WATER
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~
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— —

(4)DRAIN DOWN (5IMIXING (6)FINAL RINSE

Taiyuan Lanlang Technology Industrial Corp.
(113) Js&
How to Regenerate Mixed Bed Water hlidall s sl sla dallaa il ) waad 44 i gi &) ghad
Treatment Resin
Significant Steps in the Regenerate Sequace for Mixed Bed Exchanger
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