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Permeate capacity and quality
Permeate recovery ratio

‘Membrane type

*Average permeate flux rate

«Size of RO trains and array design

pH adjustment for optimum performance

Energy Recovery devices
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=& Hydranautics RO Projection Program - [Analysis]

File #nalysis RO Design F Trestment  Calculabion Graphs  Help

Feedwater and Temperature

Calculated TDS
Ca504 saturation
Silica zaturation

Saturation Index

T otal positive

3.3

i

I FA1.76 meq

43041 ppm
287 %

1.E |Langelier

[

Project  [&rabian Gulf SwRO Code [4RBGLF
pH 216 Turb 0n
Temp waojc x| SOl 00| 15min -]
Ca 4971 [ppm meq
kg 155983 (ppm medq
Ma 13143.0 |ppm meq
k. F37.1 [ppm meq
MH4 0.0 |ppm e
Ba 0.000 |ppm 0.00 meq
S 9,500 [ppm 0.22 meq

Feed E; s amater - ope

E cond
HZ5

o3
HCO3
S04
Cl

F
MO
=

Si02

Autabalance

BE243

0.0

3.2

1802

23544

23693.2

1.7

0.3

5.50

h.2

Total negati

[onic ztrength
BaS04 zaturation
51504 zaturation

Ozmotic prezsune

1.

Complete ion analysis
IS required. Use
maximum
concentrations for
system sizing

lon charge balance is
required, but may not
result from provided
analysis

Special
considerations for
NH4 and alkalinity

Not all water
constituents are listed
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Product Water Flow

Date 02/02/07

File  Analysis RO Design UE Treatment  Caloulation  Graphs  Help
Project  [Arabian Gulf SwWRO Calculated by CRB
pH 2161 1030 Membrane age 3.0 |years j Chem type
Temp 50 I [ j Chem doszing rate 0.0 | ppm
Flus decline 2 per pear 70 rn  Feedwate
SP increase % per pear 100 RO Per
Froduct recoveny, % m ancentrate recir.
Permeate flaw ma w|[ (1soo000]  tioooo0 ) 1irvrs
Brerage flus rate 1fm2-tir j il "3 Recirculation ow
Feed flow mSid - 22R00.0 12222 2 Pemeate pressure
Concentrate Faw m3d - 19500.0 1222 2
Stage 1 1
— Spztemn Specs
Element tupe S C A+
Elementzveszel 7 Cta
Yessels 144 Fa
Permeate Press 0
ElEnEht e ESPAR ESPAB
Elements vessel K K
Yessels 40 a0
Permeate Press 2 0

Permeate is
entirety of the
product water

Permeate
combined from
1st and full or
partial 2nd pass.

Permeate plus
small amount of
feed by-pass

Stagesz
Pazsz 2

2[8

Fecalc Arrau I

] ANAUTICS
[ AutcDisplay  embranes.com




Process Flow Diagram — Feed Bypass

. Flow Diagram |

Permeate BLENDING

——>
®

DU NGy

it

Clipboard
Frirt
1 2 3 4 b b I
Flow m3fhr | 3050 | 275.0| 300 2790 550|( 220.0| 250.0
Pressure bar 0.0 0.0 0.0 ¥ i L | 0.0 0.0
TDS [ppm] 8303 82032 8302) 8303 40605 2271 1Mae
Yariable Permeate Back Preszure iz applicable - check printout

E ""L“’j’ I ™ %
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Selecting Your Recovery

= Hydranautics RO Projection Program - [RO Design]

-ile  @nalysis FODesign UF Treatment  Caloulakion  Graphs  Help

=10

0202407

Project  |Arabian Gulf SwRO | Caloulatedby  |CRE
pH 816 | 1030 Membrane age 30 [yesrs = | Chemtype
Temp 35_|:|| C j Chem dosging rate 0.0 | ppm j Chem concentrs
Flux decline % per year 70 g0 Feedwater tpe
5P increase % per pear - L Pemeate blending r
Froduct recosverny, & A0.0 q0.0 nicentrate recirc. x
Fermeate flow m3d ;" 13000, 0 1177778
Average flux rate lim2-hr j 14F 247 Recirculation flow I_
Feed How Sl - I2R00.0 122202 Pemeate pressure I_
Concentrate flow m3id - 19500.0 12222
Ltage 1 1
— System Specs
Element type S A+
Elementzveszsel 7 Stages
Wezzels 144 Pass T
Fermeate Press 0 Fe
Element type ESPAB ESPAB
Elementsveszsel E B Stages
Vessels m 20 Pazs 2
Fermeate Press 2 i Fe
Stage 1 | Stage 2 [|

1
Higher Recovery lowers
pretreatment costs and
saves raw water

Limited by scaling
indices

Limited by Permeate
Water Quality

Limited by feed
pressure and energy
optimization

Limited by minimum
concentrate flow
Typical for second pass
IS 85 to 90%.
Concentrate from 2nd
reused as feed to the
first pass.



Hydranautics (warnings in program)

Saturation Limits:

CaSo4 230 %
SrS04 800 %
BaS04 6000 %
Si02 100 %
LSI <1.8 (Brackish Feed w. Scale Inhibitor)

Recovery Limitations: Scaling

Proprietary Chemicals (software provided by vendors)

Product A |Product B

CaSO,[ 350% 250%

Sr,SO,| 3500% 3000%

Ba,SO,] 10500% 6500%
SiO, 240 mg/L
CaCO4| L.S.1. 3.0 L.S.I.2.5
CaF,| 1300000% 10000%

D NITTO DENKO
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Brackish Water Salinity vs recovery
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80

70

NDP - net driving pressure =
Driving force of the water >
transport (flux) through 5
the membrane.

40
30

20

P, - permeate pressure

A~ NITTO DENKO

Net Driving Pressure (NDP)

Mediterranean seawater, 50% recovery

Feed pressure

Net driving pressure
area

/ |

Aessure

0

NDP —_ Pf _ ﬁos . Pp _ 05 * Ph (+ PermOS) Pressure vessel legth
P; - applied feed pressure
P, — osmotic pressure (Avg Fd P,,— Perm P_,)

9

P, -hydraulic pressure drop across RO element
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EFFECT OF RECOVERY RATE

x 200
00_ CONCENTRATE

W 15.00

-

V)

E@ 100 C = C*(1/(1-R))

al AVERAGE

O 5.0

5 C = C#In(1/(1-R))/R

= 0.00 |

O 40 60 80 100

RECOVERY RATE, %
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Effect of Recovery on Brine Flow

Flow per Element, Brackish Water
(ESPA2, 2100 mg/l TDS, 32 C, 21.4 Imh)

(m3/hr)

3
-~ A Brine Flow 80% Rec
--#-- Brine Flow, 85% Rec | 2 7
— — — Min Brine Flow
—#— Perm Flow 80% Rec | 2.4
% -~ ® - Perm Flow 85% Rec GE,
m 7 | T 21 m
_ ®
o 6 - 118 o
o= @
85 5 15 &
S 2
5= 4 1.2 ©
0 LL
8 3 + 0.9 §
= ()
& 5 | o6 &
1 0.3
O I I I I I I I 0
0 2 4 6 8 10 12 14 16
Element Position
- L2y T
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'/ Selecting Your Flux Rate

= Hydranautics RO Projection Program - [RO Design] - IEI

ile  Analysis  FO Design UE Treatment Caloulation  Graphs  Help

Froject  |Arabian Gulf SWRD | Calculatedby  [CRE | Date  [02002/07
pH 516| 1030  Membrane age 30 |years  v| Chemtype Hzso4 =l
Temp IR I i j Chem dozing rate 0n | ppIm j Chern cancentr 1 : Fl uX rate d ep en d S on
Flux decline % per year 7.0 rn  Feedwater type Sea
5P increase X per vear 10.0 E0 Pemeate blending feed W at er ty p e an d
Froduct recoven, A0.0 0.0 Conhcentraterécinz. [x d eg Fee Of fO u | In g
Permeate flow m3l ;" WW???.FB p oten tl al
Aeverage flus rate J _ 24 3 ) Recirculation ow I_ ]
Feed flow 3 . =2 Pemmeate pressure r 2 ; L ead el ement f | ux Is
Concentrate flow 19500.0 1222 2 Crltlcal When TOC or
particle fouling is likely
A Stage1 | 3. Hybrid designs, 18t
— abstem Specs
Element type S d+ Stag e Perm BaCk
Elements/vesse! 7 Stages pressure, booster
Vessels a5
et | 144/ pumps can be used to
e : ™ balance flux
Element type ESPAE ESPAE
Elementsvessel K K Stages
Yessels 40 a0 Pazs 2 1= |
Permeate Press 2 0 Recale Aray | E .;.utDDiSFllal:.'r'l .
LA = EE YDRANAUTICS
StEIQE 1 J Stage 2 J I: & w#wme:mbrﬂn:}icom



Cross Flow In a Spiral Element Sheet
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Cross Flow In A Spiral Wound
Element Removes Rejected Material
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Expected average raw water quality from
well, surface intake and secondary effluent

Quality Well water Surface water Secondary
parameter (seawater) effluent
Turbidity, NTU <0.1 <2 <2
SDI <2 6-12 6-12
Suspended
solids, parts <1 <5 <20
per mi
TOC, ppm <3 <5 <20
Low (exceptin
Scalin presence of
9 Low to high Low high
potential

concentration
of phosphate)

Particles and bacteria cause rapid fouling of RO membranes

A~ NITTO DENKO
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Silt Density index : SDI =

100%(1

— ty/t,)/15

Measurement of Feedwater Quality
for SWRO Plants: SDI

o Lis (Siglmm)
18 22 1.2

20 33 | (26
26 73 4.3

46 50 | 0.5(2)

15 min
500 ml

A~ NITTO DENKO
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Amount of Foulant vs SDI

nh"

3558 o

Foulant,

m SDI
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Flux Selection- Brackish, Good Quality

Raw Water source

Pretreatment type
TOC content

Feedwater Parameters
Recommended Maximum:

SDI @ 15 minutes
Turbidity as NTU
TOC ppm as C

BOD ppm as O2 (est.as TOC x 2.0)
COD ppm as O2 (est.as TOC x 3.0)
Particle Count (2um particles / ml)

System Average Flux (in LMH)

Lead Element Flux (in LMH)

Maximum
Typical
Typical
Maximum
Maximum
Typical

Conservative
Typical
Aggressive

Conservative
Typical
Aggressive

RO
Perm

RO
Low

30.6
35.7
40.8

49.3
51
59.5

Brackish

Well

Not Soft
Low

w

0.1

oo B~DN

23.8
27.2
30.6

35.7
40.8
45.9

Brackish
Surface

Conv.

Low

17
20.4
23.8

25.5
30.6
35.7

Brackish
Surface

MF/UF
Low

2
0.1
2
4
6
100
23.8

27.2
30.6

30.6
35.7
40.8

D NITTO DENKO
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Flux Selection- Brackish, Poor Quality

Raw Water source Brackish Brackish  Waste Waste
Surface  Surface Tertiary  Tertiary
Pretreatment type Conv. MF/UF Conv. MF/UF
TOC content High High High High
Feedwater Parameters
Recommended Maximum:
SDI @ 15 minutes Maximum 4 2 4 2
Turbidity as NTU Typical 0 0.1 0.1 0.1 0.1
TOC ppm as C Typical 5 5 5 5
BOD ppm as O2 (est.as TOC x 2.0) Maximum 0 10 10 10 10
COD ppm as O2 (est.as TOC x 3.0) Maximum 0 15 15 15 15
Particle Count (2um particles / ml) Typical # 100 100 100 100
System Average Flux (in LMH) Conservative 17 18.7 11.9 13.6
Typical 18.7 23.8 17 18.7
Aggressive 23.8 28.9 20.4 22.1
Lead Element Flux (in LMH) Conservative 25.5 27.2 18.7 20.4
Typical 30.6 32.3 25.5 27.2
Aggressive 35.7 37.4 30.6 32.3

D NITTO DENKO
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Increased Fouling Rate When Design
Flux Rates are Exceeded

1.75
Permeate Flux Rate: 18.6 LMH 20.3 LMH 20.3 LMH 27 LMH
200 P 1.40
Low Pressure Membrane I'
SO

[ ]

150 | . ‘M 1.05

Pressure, MPa *

100 0.70
‘ : -~ ‘ . y . ‘#

LFC Membrane
50 0.35

Temperature, deg. C
| 0

Temperature, deg. C
Feed Pressure, MPa

rr
- : g

O I I I I I I I
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Operating Time, hours

- Eﬁ--’?\‘f}ﬁﬂ NAUTICS
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Hybrid Designs Balance Flux

Flux and Flow per Element, Brackish Water
(ESPA2 versus CPA3/ESPA2 HYBRID
2100 mg/l TDS, 32 C, 21.4 Imh)

—a— Flux 85% Rec
--4-- Flux 85% rec HYB

—#— Perm Flow 85% Rec HYB
--m - Perm Flow 85% Rec

(/m2/hr)

Flux Rate per Elem

- 2.7

- 2.4

- 2.1

- 1.8

- 1.5

- 1.2

- 0.9

- 0.6

9.4 bar/74.8 mg/l versus 10.3 bar and 65 mg/l

- 0.3

Element Position

A~ NITTO DENKO

10 12 14
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Perm Flow Rate per Elem
(m3/hr)



/Options to Control Lead Elem Flux

LP 1.84 Specific Power Consumption
kwWhr / kgal

30

UltraLP 1.41 Ultra LP +Boost 1.32
Ultra LP +Back P 1.65

0 2 4 6 38 10 12 14 16 18

Element Position

. ==YDRANAUTI
Y\ A nimropenko 22 W e e



Selecting Your Membrane

% Hydranautics RO Projection Program - [RO Design] - |EI
ile  Anakysis RO Desiogn UF Treatment  Calculation Graphs  Help

Project  [Aabian Gulf 5RO | Calculstedby  [CRE | pate  [02/02/07

pH 21F I 10.20 tembrane age a0 |year3 j Cherm type H2S04 -

Temp 35_[|| C j Chermn doging rate 0o | ppm j Chem concentration, = a2

Flux decline & per year 7.0 50 Feedwater tupe ISeawater - open intake il 1 . L O W p r eS S u r e
SPF increasze X per year 10.0 0 Pemeate blending [T Pemeate thrott 3

Product recovery, % 0.0 900 Concentrate recirc. X Booster [ V e r S u S I O W

Permeate flow mid || 1300000] 1100000 11777.78 it Partial r

fwerage flux rate limz-hr = 145 743 Recirculation fow oo | maid - p r m t T D S
Feed flow mid 32500.0 122222 Pemeate pressur 0.0 [bar w|varise = € eate

Concentrate flow tmi3fal - 195000

e | 2. Select Elements

JrTE that meet permeate

— System Specs pump [
Element ype _S'L-"U'C4+ | . h
EIements;"vesseI(y gtage13 Ej E::t q u a I ty ] t e n

ass E

Wessels 144 Flow dia O pt' m | /e fO I

Permeate Press

1] Recalz Array
Element type ESPAE | [ESPae | p ressure
Elementzfvessel E E Stages 5
[ 0 [ =@ PR — 3. NF Membranes
Permeate Press 2 N Flecels foss [ AutaDispla™ =
O Summar) Calc
Stage 1 ] Stage 2 J

- Eﬁ--’?\‘f}ﬁﬂ NAUTICS
I\ A~ NITTO DENKO 23 I I e mansbrsce.cane



SDI< 3

\ 4

Membrane Selection Logic

System
Requirements

!

Low Perm
TDS/ Low
Press

Ultra Low
Press BWRO

ESPA4

l\ A~ NITTO DENKO

<6.000 >6.,000
High/Low
1 Salinity Feed
<3000 >3000 Seawater
Mod/Low | Hi TDS BW/
Salinity Seawater
Permeate Feed
SDI >3 v v
Low Perm
Good/Poor Low Press
Feed Water Stnd BWRO SW TDS/ Low
Press
CPA3 SWC5
= CPA3-LD v
Low Press High Rej
SWRO SWRO
Low TDS SWC5 SWC4+
\ 4 v
Low Press High Boron
BWRO Rej BWRO
ESPA2 ESPA B
ESPA2+ ESPA B+
o4 & B YDRANAUTICS

B N www.membranes.com
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Selection of Brackish Water Membranes

Comparative Performance of Hydranautics Products
(75% recovery, 25 deg C, 12 gfd flux)

O Feed Pressure (bar) B Permeate TDS (mg/L)

2000 ppm Feed Salinity

10.6 11.5

ESPA2 ESPA2+ ESPA4 ESPA2 CPA3 LFC3
(10.8 gfd)

Membrane Element Type
A~ NITTO DENKO 25 _ph: ﬁwﬁnﬂﬂﬁ‘a‘;&?ﬁ%




Hybrid Element Designs

Flow per Element, Brackish Water
(ESPA2 versus CPA3/ESPA2 HYBRID
2100 mg/l TDS, 32 C, 21.4 Imh)

9 —a— Brine Flow, 85% Rec HYB -
-- 4 - - Brine Flow, 85% Rec
— —— Min Brine Flow —

Brine Flow Rate per Elem (m3/hr)

9.4 bar/74.8 mg/l versus 10.3 bar and 65 mg/I for Hybrid

0 ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 2 4 6 8 10 12 14 16

Element Position

2y
26 iy [ORANAUTICS
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Selecting Number of Vessels and

=10

Vessel Size

lay
Calc

6-8 Elements per
vessel is
common

Array Is chosen
to meet operation
flexibility and
practical size
limits. 10-15 MLD
current largest
train size

% Hydranautics RO Projection Program - [RO Design]
ile  Anakysis RO Desiogn UF Treatment  Calculation Graphs  Help
Project  [Aabian Gulf 5RO | Calculstedby  [CRE | pate  [02/02/07
pH 21F I 10.20 tembrane age a0 |year3 j Cherm type H2S04 -
- 1 - i1 Z =
Temp 35_[|| s J Chern doging rate 0o | ppm J Chern concentration, 9a IE/
Flu= decling % per year 70 g0 Feedwater type ISeawater - ppen intake h
SPF increasze X per year 10.0 0 Pemeate blending [T Pemeate thratt 3
Product recovery, A0.0 qo.0  Concentrate recirc. ™ Booster p [
Permeate flav mid || 1300000] 1100000 11777.78 Spli I
Bwerage fux rate Im2-hr =] 145 243 Recirculation flow on | m3i -
Feed flaw m3d - 32500.0 122222 Pemmeate pressure 00fbar xfvariapie  ~|
Concentrate flow m3d - 19500.0 12222
Pazzes
-
Stage 1 1 InterPas:
— System Specs pump [
Element tupe SO A
e — il
ements .
i =
G 144 Flay dia
Pemneate o Fecals Amray
Elem=hifips ESPAB ESPAB
Elementz veszel E E Stages =
Vessels 40 a0 Fass 2 -
Permeate Press 2 N Flecels foss O AutaDis
O Summar
Stage 1 ] Stage 2 J
A NITT 27
NITTO DENKO
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Y

Stages and Passes

& Hydranautics RO Projection Program - [RO Design] ;lg
1. Minimize stages to [ ot
reduce dP and piping [CRE | Date  [02/02/07
t 30 |vears j Chem type HZ504 -
COStS E| ppm j Chern concentration, 93
2. One p ass treatment E Feed water type I Seawater - open intake j
: = : E1 Pemeate blending [ Pemeate throttling x
Wlth h I g h reJ m Concentrate recirc. . [W Booster pump '
membrane more oo [ i Split Partial m
econom | C al th an two 343 Recirculation flav = -

i F k [Nl - i -
passes with moderate = " = Jour lfvarste ]
rejection elements Passed

=12
3. More stages and/or lnh;P
passes allow greater purp (X
system flexibility R
Fritat /
o dyﬁr
I I
SR ESPAB ESPAB /
Elements/vesszel E E Stages .
Veszels [ an [ o Fass 2 z
Permeate Press 2 0 Recalc Aray | H ga:sggzlgyalc




Comparison of 1 Pass and 2 Pass
Approaches to Same Design

Array, first pass 4:2(7TM) 6(7M)
Element type, first pass ESPA2 SWC3+
Array, second pass 1:1 (5M)

Element type, second pass ESPA2

Feed pressure, first pass, psi 573 776
Interstage booster, first pass, psi 200

Feed pressure, second pass, psi 214

Combined recovery rate, % 47.9 47.9
Permeate flow, m3/hr 19.2 19.2
Power consumption, 1% pass, kWhr | 41.4 42.9
Power consumption, 2™ pass, kWhr | 7.9

Total power consumption, Kwhr 49.3 42.9
Power consumption, KWhr/m3 2.57 2.24

!ﬂ'
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pH Adjustment

= Hydranautics RO Projection Program - [RO Design]

ile  Analysis B0 Design UE Treatment  Calculation  Graphs  Help

=10

F"njie.:t ﬁ.raﬁbam\
pH 16| 1030  MeNbrane age
Temp 35_|:|| i j Cheph dozing rate

| Calculated by

|CFB | pate  [02/02/07
ears  +| Ch .
0jyers x| Eremtee | g | g\wer pH to increase

0.0 | pem

j Chem cancentratio

solubility of calcium
carbonate or calcium
phosphate

Increase pH to
Increase rejection of
boron and silica
rejection

Incresase pH to
Increase solubility of
certain organics and
silica

[ AutoDisplay

==YDRANAUTICS

Fluz decline % ear 70 E-M
SP increaze % per pear 100 AN Pemeate blending [ Ps
Product recoverny, % 400 qon  Concentrate recirc. [®x Bg
Perrneate How i3l ;" 1.3000.00 11000.00 I 1177778 5§
fverage flux rate lm2-tir j 14.5 243 Recirculation fow 2 .
Feed flaw m3d bl 22500.0 12222 2 Pemeate pressure 0.0
Concentrate flow t3id A 19500.0 12222
Stage 1 1
— Spstem Specs 3 )
Element tupe S Cd+
Elements/veszel 7 Stagez [
Veszels 144 FEEE |
Permeate Prezs 0 Fecal
E Eme: g ESPAE ESPAE
Elements/vessel E g Stages
Vessels a0 BN Pazs 2 .
Permeate Preszs 7 0 Recalc Array |
Stage 1 ] Stage 2 J I

O Summary Cale & &
| NN
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Effect of Feed pH on Boric Acid
Dissoclation

Boron species distribution at 25 C

S =
o o
|

S oo
SN 4 o
L

Low salinity

S o
£ O
|

Fraction of B(OH)4-
S
3

o o
- DN
| |

= = = = Seawater

— — — — Concentrate

S
=

pH of solution

A NITT
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Conclusions

Long term experience with RO systems has
resulted in optimized performance

Detailed consideration of all design parameters is
necessary to optimize the system performance

Advances in membrane technology and process
design have led to a steady decline in energy
consumption and system cost

Sound operation of RO process should result in
5-8 years of membrane life

. [ ]
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