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1- Hazen Unit (HU)

2- Volatile Organic Compound (VOC)
3- Nanofiltration (NF)

4- Reverse Osmosis (RO)
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1- Total Organic Carbon (TOC)
2- Electrical Conductivity
3- Total Dissolved Solids (TDS)
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1- Calcite

2- Langelier Saturation/Stability Index (LSI)

3- Stiff & Davis (Calcite) Saturation Index (S&DSI)
4- Ryznar Stability Index (RSI)
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1- Calcium Carbonate Precipitation Potential (CCPP)
2- Gypsum

3- Skillman Index

4- Aggressive Index (AI)



I

VINIY Lyl jl spuSol slogs, 5 o6 of golio oy 0 - Jsl s

SIS Ogw) b asll bl dmslio -Y-) Jgua

GETS Jol S 095 elo g Lo ol
—elY 5l ke —e ¥ o5l S (LS a3y
—e I 5l ke —e ¥ o5l S (S&DSI) wgss g ciinl
FI0 5l 5eS Y G0 Al 5 e S iy S ®RSD 3,
73l 5eS 4 Pl B (PSD) 52,555
SUmddy Cgm) 8b 090 Dj90 ;0 Ve 5l S ‘e b f e 3l peS preedS Sl S gy Joniliy
V5l Foke ) V5l SeS S iy OokSul
SN 5 paS VY B /A VIY 5l 5t i WSl =y gom,Y
VYl 5 e VY VYl S AD (S0, oo

Wigdssa g 08,55 a5 VY g Ve o Al g oijs3 o 4 Ve 5 FeSAT L Llac #
ST 0090 —V-Y-)

Slge cpl 5 (cBn 5,18 g 058 4 aited I olge ol atils 0939 0 5o el Sow 4 (g0lge alox
516,500 Caond g dilo o Blae O 4 (g0SlS & ygod Fos ciSu o 1) By B L ok ol es cublE gl )8
RPGES 5 (i pine &5 50 0525 (ilise slaasli O )0 slse cnl ke 6 ,uSe3lail (gl sl Jolome T 55 ]

IV 5 ] el (TOC) JT (52,5 S 5 COD) 50T a gloands 545 L BOD) 5l &y ssbariipes 5ks T

(BOD) (451 42 (2 bsordogny 5L —)-V-¥-)

a7 sl 39 sl slS yslsySe L 9550 Jslve (5meST e (5ol (sl (oot (s2le BOD (el
ool B (galg o fuiliwl Ll s 0 BOD ool s (380 cloiz (o5 bl 5l Jg o

A0 ) 6‘)—.' ot
JSBOD ys 45 Jls> 10 5,5 o0 )8 oolainl 0,90 ol cuas Ot (8l 039,520 BOD jlade .ol ol gsﬂ Gfojﬂ

Qoo ganaids (Y-1) Jgaz cui i 4 BOD Slade a5l lacT ol 5L g5 i oloy

BOD ,ladio (wlol y LT gadsdiws —F-) Jgax

BOD (mg/l) ol e
) N
¥ Sogll 4 SSia
5 T

1- Biochemical Oxygen Demand (BOD)
2- Chemical Oxygen Demand (COD)
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1- Volatile Organic Compound (VOC)
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1- Multi-Stage Flash (MSF)
2- Multi Effect Distillation (MED)
3- Vapor Compression (VC)
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1- Occupational Safety & Health Administration (OSHA)
2- Immediately Dangerous to Life or Health (IDLH)

3- Poly-Tetra-Fluoro-Ethylene (PTFE)

4- Chlorosulfonated Polyethylene (CSPE)
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1- Demineralized (DM) Water
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2- Mechanical Vapor Compression (MVC)
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1- Electro Dialysis (ED)

2- Electro Dialysis Reversal (EDR)

3- Forward Osmosis (FO)

4- Seawater Reverse Osmosis (SWRO)
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1- Gain Output Ratio (GOR)
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2- End Port
3- Pelton Wheel
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1- Methyl Tertiary Butyl Ether (MTBE)
2- Membrane Distillation (MD)
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1- High Efficiency Reverse Osmosis (HERO)
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1- Zero-Liquid Discharge (ZLD)
2- Brine Concentrator and Recovery System
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1- Brine Concentrator and Recovery System (BCRS)
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1- Zero Discharge Desalination (ZDD)
2- Vibratory Shear Enhanced Processing (VSEP)
3- Concentration Polarization
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1- Fluidized Bed Heat Exchanger (FBHX)
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1- Membrane Distillation (MD)
2- Aerogel
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1- Oxidation Reduction Potential (ORP)
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1- Degrees of General Hardness (dGH)
2- Clarke Degrees (°Clark)

3- French Degrees (°F)

4- German Degrees (°dH)

5- American Degrees
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1- World Health Organization (WHO)
2- United States Environmental Protection Agency (USEPA)

3- Institute of Standards and Industrial Research of Iran (ISIRI)

4- Australian National Health and Medical Research Council (NHMRC)
5- Canadian Federal-Provincial-Territorial Committee (FPTC)

6- European Communities (EC)
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1- Chlorinated Alkanes
2- Chlorinated Ethenes

3- Aromatic hydrocarbons

4- Chlorinated Benzenes
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1- Thermophiles
2- Enterococci
3- Aeruginosa
4-Present/Absent
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1,000

Desalting Plant Proper
Inplant piping

Pumps, Motors and Controls
Pretreatment

Post Treatment

Construction Costs Include:

/i

=)
(=]
o
N
o
& 100 1Building ==
S Cleaning System
::_’- Electrical Distribution —
i Indirect Cost A >
-~ r L~
=
c /// =
2 0 1 | ——SWRO —0—BWRO —4—NF |||
g q’ ?’ . | I Y I O | | Il Il | | I
= -t I . | | [ | | .|
E = Construction Costs do not Include:
8 =~ Land Costs H—
Product Water Delivery N
Concentrate Disposal H
1 :
1,000 10,000 i 5 100,000 1,000,000
Plant Capacity (m“/day)
155 pol yguinS” Yooo Jluw « xbaw SO (6l (waSxo jomw] (glouiaT 8 il ai 3o - Y-V .0 S
100
—{Costs do not Include: 2
= —Land Costs //-
=4 —Product Water Delivery /. V
N | Concentrate Disposal // 2
' 7
g P pZd il
S / Construction Costs Include:
e P4 Desalting Plant Proper
5 -~ ] Inplant Piping
§ — /// Pumps, Motors and Controls T
S -t L Post Treatment [T 17
g / Building T
5 P a Cleaning System T
3 7 Electrical Distribution IBN
'é ‘/ Indirect Costs It
o
(&} !
—a—-SWRO ——BWRO —&—NF
1 I [ T T T TTT] I I
1,000 10,000 100,000 1,000,000
Plant Capacity (mslday)
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1,000
— Constmclion Costs Includei | Plant Type: Horizontal Tube
— || Desalting Plant Proper H-__Operating Temperature: 71.1 C (160 F)
=) Interstage Piping g
8 —{Pumps, Motors and Controls
o~ Seawater Supply
. [——1Building
8 Pretreatment
O Post Treatment //0.
S [ |Electrical Distribution /
=] Cleaning System /
- Indirect Cost /j
e LN
@ 100 AL
(o]
(&]
c Construction Costs do not Include:
O af” Land Costs
© o'd Product Water Delivery
S Boiler
<
7]
1
o /
o P 2 # zd
A
!ﬁyl—-— PR=5.17 kg/MJ (12 Ibs/kBtu)—e— PR=4.30 kg/MJ (10 Ibs/kBtu)—— PR=3.44 kg/MJ (8 Ibs/kBtu)f
10
1,000 10,000 100,000 1,000,000
Plant Capacity (m*/day)
(5 yol 598 Yoo Jlu MEDwiuT 3 el aig jo —F- V.o S
1,000
| |Costs Include:
|~ |Desalting Plant Proper
=} I— Interstage Piping
S Pumps, Motors and Controls
~N | Cleaning System
é Electrical Distribution
o
S 100 =
=]
o
o
2;" =
= = Construction Costs do not Include:
g il Pretreatment
Post Treatment
g / Intake System
) ,4/ iy Emnik
A and Costs
g 10 /¢// Building
- Boiler
e Storage & Delivery Systems
8 Indirect Cost
-
[—m—PR=5.17 kg/MJ (12 Ibs/kBtu) —e—PR=4.30 kg/MJ (10 Ibs/kBtu) —— PR=3.44 kg/MJ (8 Ibs’/kBtu) |
1
1,000 10,000 5 100,000 1,000,000
Plant Capacity (m*/day)
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Plant Capacity (m*/day)

e i . S———"
1 1 Include:!  — s - X I : = '
—Construction Costs HFiant Type: Recycle
- —Desalting Plant Proper HOperating Temperature: 110 C (235F)
8 [—|Interstage Piping [ Configuration: Cross-Tube
o ——Pumps, Motors and Controls
““ Seawater Supply L
Pretreatment -
(= 1 =
8 Post Treatment 5; i
S 100 Building |
o [——1Cleaning System
?_. [—Electrical Distribution =
|——]Indirect Cost
g T AT
og- l A
S =
< Construction Costs do not Include:
o T
= Land Costs
g 10 Product Water Delivery
- Boiler
7]
c
(=]
(&)
| —8—PR=5.17 kg/MJ (12 Ibs/kBtu) —e— PR=4.30 kg/MJ (10 Ibs/kBtu) —a—PR=3.44 kg/MJ (8 Ibs/kBtu) |
1
1,000 10,000 100,000 1,000,000
Plant Capacity (m*/day)
(5 ol 5gS Yooo Jluo MSFuiu b sl dig 3o —F-Y.0 Ui
1,000
8 Costs Include: Plant Type: Recycle
8 Desalting Plant Proper |4 Operating Temperature: 110 C (235 F)
‘-: Interstage Piping & Valves Configuration: Cross-Tube /.ll
Pumps, Motors and Controls /
1=
S 100 Cleaning System - /
8 Electrical Distribution -
o Pretreatment -
o
@ Intake System H
= - Post Treatment H
] o Building |11
() //: / Auxiliary Equiprnente
e > Storage & Delivery Systen
i) Zosd Land Costs
° L1 Boiler
g 10 Indirect Cost ———
7]
s
]
!—.— PR=5.17 kg/MJ (12 Ibs/kBtu) —e— PR=4.30 kg/MJ (10 Ibs/kBtu) —a&— PR=3.44 kg/MJ (8 Ibs/kBtu) }
1
1,000 10,000 100,000 1,000,000
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1,000
[|Costs Include:
[|Desalting Plant Proper Interstage
|_|Piping
| _|Pumps, Motors and Controis
— Seawater Supply
8 [ |Pretreatment
(=3 | _|Post Treatment
o" Cleaning System
o Electrical Distribution
o Building
100 4+
a4 ] Indirect Cost
o -
o | P
e | /
&
:,' '/ Construction Costs do not Include:
7] // Land Costs
8 Product Water Delivery
c ] Concentrate Disposal
=]
- 10
o 1
E Plant Type: Mechanical
k7] Vapor Compressor
= Operating Temperature:
o 107.2C (225F)
o
—8—PR=5.17 kg/MJ (12 Ibs/kBtu) ——@—PR=4.30 kg/MJ (10 Ibs/kBtu) ——t—PR=3.44 kg/MJ (8 Ipe/k3tu)
1 I I [ T TTTT] I I T T TTTT] I L T T 1711
1,000 10,000 100,000 1,000,000
. 3
Plant Capacity (m”/day)
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100
s i
8 Costs Include: /
o~ Desalting Plant Proper
' Interstage Piping /
8 Pumps, Motors and Controls /
o | |Electrical Distribution Construction Costs do not Include: ||
o Pretreatment
o Post Treatment
o
- A Auxiliary Equipment
; | Product Water Storage and Delivery
= 0 P Land Costs =
[’ " ]Buxlamg u
8 Boiler |
Intake System |
s " Indirect Cost
= -
o
=
=
el
7] -
c
(=]
o
| —8— PR=5.17 kg/MJ (12 Ibs/kBtu) =—@=—PR=4.30 kg/MJ (10 Ibs/kBtu) =——a=—PR=3 44 kg/MJ (8 Ibs/kBtu) |
1 [ P TTT | [ T[]
1,000 10,000 100,000

Plant Capacity (m*/day)
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Construction Cost ($1,000,000 - 2000)

100

1 1

Construction Costs Include:

Desalting Plant Proper
Inplant Piping

Pumps, Motors and Controls
Brackish Water Supply
Building

Post Treatment

Electrical Distribution
Cleaning System

Indirect Cost

=

i\

=

-
o

Construction Costs do not Include:

Land Costs

— Product Water Delivery

(/ Concentrate disposal

’ —— 3 stage SW —o—4 stage SW —a—3 stage GW —x—4 stage GW ‘

l

[ |

[ T[] | | [ [ T ITT11]

1,000

10,000 100,000
Plant Capacity (mslday)
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Construction Cost ($1,000,000 - 2000)

100.0
Ji
10.0 =
/ 2 iCosts do not Include
Indirect Costs
- A
A I I 1
|A Costs Include:
o L Chlorine Treatment
1.0 !/ Sodium Bisulfite Treatmen
Two-stage Filtration
x Sludge treatment
0.1
1,000 10,000 100,000 1,000,000

Plant Capacity (mslday)
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10 | | | |
| 1 1
| | | |
Costs Include:
Chiorine Treatment
=) Sodium Bisulfite Treatment
=4 [——|Acid Treatment A
~N Anti-Foam Treatment
. Decarbonator
(=] 1
o Deaerator A1
=1 1
o
= A1
= /-/
-
@
: 1 Costs do not Include
Q Costs do not Include:
8 /l, Indirect Costs
=
o
° 1
2 LA
@
c Ll
=]
(&)
0.1
1,000 10,000 100,000 1,000,000
Plant Capacity (mgd)
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10
= l e > |
|__|Note: Use BWRO costs //
for EDR and NF )2 °
—_ A
9) i
=]
Q& B //
& 1
=]
<
=
S
<
&
g - /]
g A
(&] < ~ Construction Costs Include:
5 P Intake Channel
o A Intake Structure
E J/ Traveling Screens & Trash Racks
[72]
§ B— SWRO —e—BWRO [Pumps, Motors and Controls
Costs do not Include: H—
Indirect Costs
o L LI
1,000 10,000 100,000 1,000,000

Plant Capacity (mslday)
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10.00 /.l
/’
P Construction Costs Include:
= Intake Channel - e A
o
o Intake.Structure //
u Traveling Screens & Trash Rack:
(=] Pumps, Motors and Controls L
o A
o 1
= »
o /
Q. L1
.-
@ l/‘
- /
g 1.00
z
[&] — Indirect Costs
c .
S
-
o P
2 >
®
5
Q i—l— MSF Open Intake —&— Open Intake MED —a&— Open Intake MVC i
0.10
1,000 10,000 100,000 1,000,000
&')&T )9»»5 “’000 JLMJ ‘&5")')”’ 6[.5\).3.1-")3 )afu-[ wLw 4.34“)-5 —\f—“h‘) JS.w
100.00
E. Surface Water Power Cost includes:
= Power for intake pumps
o
=1 Power for pre-treated water pumps
8 Process power
S Distribution (high service) pump power
b:a 10.00 Building services
-
[72]
38
3 A
= /’
© / Groundwater Cost includes:
<@ Power for well pumps
E 1.00 / Process power
g Distribution pump power
c Building services
c
< !]/ A
* —8—Surface Intake ——Beach Wells |
0.10
1,000 10,000 100,000 1,000,000
Plant Capacity (m®/day)
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10.00
Surface Water Cost includes: AJ
Power for intake pumps
E. Power for pre-treated water pumps
(=] Process power
8 Distribution pump power /¢¢
8 Building services Z/ //E
S 1.00
& p i
4
Rl
1]
S %
2 g]/ Groundwater Cost includes:
8 » Power for well pumps
= A / Process power
8 /% Distribution pump power
K | A L
o Z/ / Building services
w® 010
S
c
c
<
—a— BWRO-Surface —m— EDR-Surface —e— BWRO-Ground —o—NF-Ground  —g—NF-Surface ~ —e—EDR-Ground
0.01
1,000 10,000 100,000 1,000,000
Plant Capacity (m®/day)
(3 50T ygiaS Yooo Jlw (EDR g BWROWST 3 — S Sl (655 4y 3 19— Y0 JSio
100,000

10,000 y

1,000 o

Electrical Consumption (kW)

—a—PR=3.44 kgyMJ —0—PR=4.30 kg/MJ —a— PR=5.17 kg/MJ
- [T1T] [T T TTTI1] [T T T1117]
1,000 10,000 100,000 1,000,000
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100.0
=)
(=]
&
o 100 /,’q,
=] 7~ &
(=]
S B9° el
= 7
- A
7]
o
(&)
wn 10
S
c
<
<
IPowsr@S0.0G/'kWh |
i 1T 1
Z | —m—PR=3.44 kg/MJ —&— PR=4.30 kg/MJ —&— PR=5.17 kg/MJ
|
o . EREER IR
1,000 10,000 100,000 1,000,000
Plant Capacity (mslday)
(S pol g Yooo Jlo MED T 16— K Sl (55 i 3 —VA- V. JSCi
1,000
8
&
« 100
o
: =
§ A
o Py
@
- /'/, o'
4 1
(&)
§ 10
[ — - /
£ 7
< o
e
A7 [Power @ $0.06/kwWh
%24 [ [ [ 1
//; S | —8—PR=3.44 kg/MJ —@—PR=4.30 kg/MJ —A—PR=5.17 kg/MJ |
1 HER L LT
1,000 10,000 100,000 1,000,000
Plant Capacity (m°/day)
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100.0
1
8 P
//
8 1 /
~N
= T
e 100 é/ - P
pr
o A
o
e —A —¥
& e Basis:
~— — - T
- A Performance Ratio=5.17 kg/MJ
@ 4] P (12 Ibs/kBtu)
o T Boiler Efficiency=85%
- L~ // /
2 =
= =
1 =
< = >
o —e—Fuel Cost at 5947 00/MJ (51.00/MMBtu)  —a&— Fuel Cost at $1,894.00/MJ (52.00/MMBtu
—e—Fuel Cost at $2841.00/MJ (33.00/MMBtu)  —m— Fuel Cost at $3788.00/MJ (S4.00/MMBtu)
- L] [ [ [ [T [ [ [ [T111
1,000 10,000 100,000 1,000,000
Plant Capacity (m*/day)
(S5 ol 39S Yooo Jlu co yqbisvo Sy aoly — yly ay 3 — Yoo .o JSCi
100.0
=)
S 100 ,//'.I
. e -
8 - o
S /?'// = R
=4 T
S e ]
& 10 - (e 1
,";;' — 1}
S
L1
s -
3 =
c el 1
& o1 1]
: —
—e—Fuel Cost at $947.00/MJ (S1.00/MMBtu)  —a— Fuel Cost at 51,894 00/MJ (52.00MMBtu) |
—e—Fuel Cost at $2841.00/MJ (S3.00/MMBtu)  —B— Fuel Cost at $3788.00/MJ ($4.00MMBtu) [ ]
0.0
1,000 10,000 100,000 1,000,000
Plant Capacity (m*/day)
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10.00
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& A
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o 100

S ris

o

I=3 A

3 _u
& ]

‘g‘ P A

(&)

©

S 010 Pl

c

c

<

|
|
[—+—SWRO —a—BWRO/NF —m—EDR |
0.01
1,000 10,000 100,000 1,000,000
Plant Capacity (mslday)
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wliojlyg—F cavgn

Demineralized Water (DM) A 39 ol
Seabed Filtration System Lyo S gul s b oS0
Beach Galleries el SOl

Bottom Intake

8 b 6 5]

United States Environmental Protection Agency (USEPA)

Travelling Screen

Cylindrical Wedge Wire Screen

iyl Sen o5 s

Chlorinated Alkanes

sosaz 15 cla, ST

Anion

09!

European Communities (EUC)

Chlorinated Ethenes

oadbans IS sl sl

Autotrophic

B9y

Occupational Safety & Health Administration (OSHA)

oo YL ads coal g clilage ol

Forward Osmosis (FO)

w.._a...m.a ).o....:‘ L) °“\JB)LJ‘““" ).o..u.:‘

Reverse Osmosis (RO)

Seawater Reverse Osmosis (SWRO)

Ly ol sSas soml

Brackish Water Reverse Osmosis (BWRO)

293 Sl (osSas sad

High Efficiency Reverse Osmosis (HERO)

Y 205k b osSrs ol

Acidity EVERVOW
Escherichia coli (E.coli) S Lt ol
Oceanography bl yogil 8l
Electro Dialysis (ED) 3l g xSl
Electro Dialysis Reversal (EDR) oXigus woSze judliog Sl
Hollow Fiber SB g md LUl
Oxidation Reduction Potential (ORP) OgemlianS als e b sl
Enterococci S 9 95!
Endotoxin YR PPRY

Anhydrous Calcium Disulfate
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Ilmenite ooy
Dark Repair Reaction A R S e
Energy Recovery S5l ebsb
Packed Tower Aeration 03 ,i8 2olga 7

Immediately Dangerous to Life or Health (IDLH)

Chlorinated Benzenes

odlai IS slagy

Monitoring ol
Brine Recirculation Sz ol
Standby s osbel
Chlorosulfonated Polyethylene (CSPE) aLgal guog IS L3l s
Poly-Tetra-Fluoro-Ethylene (PTFE) Orkly k8l 5 L

Multi-Stage Flash (MSF)

slal> o siz SWSL oo

Dewvaporation s alad S
Vapor Compression (VC) PRSI
Mechanical Vapor Compression (MVC) S8 w0515
Trihalomethane (THM) Olwgllags

Corrective Maintenance

ol 650K g e

Preventive Maintenance

WS oty SN 5 e

Protective Maintenance a8l (6,l045S g o
Brine Concentrator and Recovery System Sl coS Ladss
Multi Effect Distillation (MED) slal> yo 2oz yolads
Membrane Distillation (MD) slie i

Hydraulic Turbocharger

Sy pep )5l ,e

Reverse Turning Turbine (Francis Turbine)

oS iz b eye

Gypsum P g
Horizontal Directionally Drilled Well L] S *:’" ol>
Beach Well >l o>

Pelton Wheel

o5k 2
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Present/Absent oleé/ yga>
Spiral Wounded b ol
Hydrogeology S 2] sl e
Solar Still s 95 Aondg>
Sea Urchin byo Sy >
Self Cleaning SFdg>
English Degrees (°e) P L] PES
German Degrees (°dH) Sl ax o
American Degrees 25 el a0
Degrees of General Hardness (dGH) T YNCPE SWIFE S
French Degrees (°F) Sl 8 a0
Clarke Degrees (°Clark) SN a0
Variable Frequency Drive (VFD) g 590 i oSl
Salt Rejection Sl a3
Two Pass 435 ,Lgo
Humidification- Dehumidification lojcasb, - olsleggb
Threshold Odor Number (TON) 5 sasliw] o8,
Zero-Liquid Discharge (ZLD) el e sla g,
Giardia lamblia e Lo,b5
World Health Organization (WHO) S cadlag ol
Brine Concentrator and Recovery System (BCRS) clag calb g Lads aslele
Natural Treatment Systems (NTSs) abal b glaaills
Total Hardness (TH) I &5
Aeruginosa 90,1 wbigegd gu
Stiff & Davis (Calcite) Saturation Index (S&DSI) oS 9 Al el
Skillman Index oobSul azll
Oddo-Tomason Index (OTI) Oglogi — 934l Ll
Calcium Carbonate Precipitation Potential (CCPP) pendS Sl S gy Jeily aSLs
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Puckorius Scaling Index (PSI)

P 9 >l

Silt Density Index (SDI)

Ryznar Stability Index (RSI)

Lr, pals

Aggressive Index (Al)

Larson-Skold Index

VSl = ygm,Y a3
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Abstract

Lately, the use of desalination technologies as a reliable method to supply drinking water, has been
growing and can be considered a solution to water shortage in different regions. The emergence of
different problems in operation, repair and maintenance of these technologies, the limited background of
many of these technologies in the country and consequently, lack of proper knowledge and knowhow to
identify and eliminate faults as well as absence of suitable standards in this field, necessitates the
preparation of a guide to select and utilize a proper desalination system to resolve these issues.
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