¥ & 2 B

Recycle Bin  GoogleEart..,  SpwDestroy wnd, xls
Pro

T X B B

My Computer  Google Earth unkit! =

=8 Hydranautics RO Projection Program - [RO Design] E@@
- File Analysis Help
! 7| | I ] - &
My Mebwark, CADLY cl|
Places . HYDRANAUTICS

2 = ‘e
] ] '
Internet Lewakit 4,14 3y

Explarer T | - é 1 to

N IMEST)=c==n

Startsmart INTEGRATED MEMBRANE SOLUTIONS ™

AL //here Technology Flows

PaverDVD IMSdesign  uwmem:
fust

»ow

ACDSes 7.0 EGAT \Wangnoi agUar

,;E H | Design UF Design RO Design RO+UF

Adobe Acrobak  Air Strike 2 EET ] E i » i g,
7.0 Professi... Hydranautics Membrane Solutions Design Software, v. 8.5 (¢} 2003

3 o B

wingws is  Machine Hell  enswdiaya,
- - -
T Tt T T AsTHLEw. .

F—— . . [
1y Start CTE w7 rﬁ Microsoft PawerPoint ... =8 Hydranautics RO Praj... EM Lﬁ 2 -'Ula-"J;F 1308



+# Hydranautics RO Projection Program - [Analysis]

File  Analysis

Help

|
7.00

Eude|

Turb K}
0 |15min |

Project

pH

Feed | well water _~|pate |28/11/254

E cond o uSfcm CO2 0 ppm

Temp | 25.0 | [ ﬂ 501 | . H25 ’70 ppm Fe lil] ppm
Ca | .0 ||1|1m j| .00 meq co3 | .0 [ppm L' .00 meq
Mg 0[ppm | .00 meq HCO3 | A lppm | .00 meq
Ma .0 ppm -] .00 meq 504 | .0 [ppm L' .00 meq
K | .0 [ppm L' .00 meq Cl | .0 |ppm L' .00 meq
HH4 0 ||1|1m j .00 meq F | .0 [ppm L' .00 meq
Ba .000 |ppm ¥} .00 meq NO3 | .0 |ppm L' .00 meq
Sr | 000 (ppm L' .00 meq 5i02 | 0 _| .00 meq

Total Positive .00 meq Total Hegative lil]l] meq
Caclculated TDS [ 0 ppm lonic strength 000 Print
Ca504 saturation Iil] b4 | Mot a complete data set }turatiun Iiu & Clipboard
Silica saturation Iiﬂ % 51504 zaturation Iiﬂ %

Saturation Index 0.0 |Langelier j
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Ozmotic pressure | 0 ||:-si j
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+# Hydranautics RO Projection Program - [Analysis]

File Analysis Help
Project |MwA Code [MWA Feed|well Water _~|Date |28/11/254
PH /.00 =D Iiu RS Surface Water liu BRI
Temp | 5.0 | C j 5DI | 0 | 15min ﬂ H2S5 |RD Permeate Iil] Ppm
Seawater - open intake
Ea | -0 ||1|1m ﬂ' -00 meq CO03 |5 eawater - well .00 meq
Mg 0 |I1I1|Tl ﬂ .00 meq HCOD W?stewate!_ - - .00 meq
Ma .0 jppm ¥ .00 meq 504 | -0 |ppm L' .00 meq
K | 0 |ppm L' .00 meq Cl | -0 |ppm L' .00 meq
NH4 .0 ||1|1m j .00 meq F | .0 [ppm L' .00 meq
Ba .000 ppm v .00 meq NHO3 | -0 |ppm ;| .00 meq
Sr | 000 [ppm Ll .00 meq 5i02 | .0 _| .00 meq
Total Positive .00 meq Total Hegative .00 meq
Caclculated TDS | | lons out of Balance by over 10%, adjust concentrations i Print
Ca504 zaturation | nx | Mot a complete data set }turatiun 0= Clipboard
Silica zaturation Iil] 4 51504 zaturation Iiu 4
Saturation Index | 0.0 |Langelier ﬂ Ozmolic pressure | .0 ||:lsi j
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< RODESIGN =&

File Edit Bookmark Options Help

Eontentsl Index | Back I Frint | £ I s I
Saturation Index -~

oaturation indices are exceeded. A red message will appear that tells the user when saturation limits are exceeded. Recommended limits for various indices and salts
are given in the Limits section of Help. Systerm recovery can be reduced when saturation limits are exceeded. Another alternative is to decrease the pH of the feed
stream so that the concentration of bicarbonate ion is reduced; this reduces the risk of precipitating of sparingly soluble carbonate salts from the concentrate
stream. YWhere high concentrations of sulfate salts in the concentrate stream presents a risk of sulfate salts precipitation, use of hydrochloric acid instead of
sulfuric acid when acidifying feed may be an acceptable alternative.

LSI (Langlier Saturation Index): LSl is a method of reporting the scaling or corrosive potential of low TOS brackish water based on the level of saturation of calcium
carbonate. L3l is important to boiler water and municipal plant chemists in determining whether a water is corrosive (has a negative LSI) or will tend to scale calcium
carbonate (has a positive LS50, LS| is important to RO chemists as a measurement of the scaling potential for calcium carbonate. The LSl value is calculated by
subtracting the calculated pH of saturation of calcium carbonate fram the actual feed pH. Calcium carbonate solubility decreases with increasing temperature (as
evidenced by the liming of a teakettle), higher pH, higher calcium concentration, and higher alkalinity levels. The LSl walue can be lowered by reducing pH by the
injection of an acid (typically sulfuric or hydrochloric) inta the RO feed water. A recommended target LSl in the RO concentrate is negative 0.2 {which indicates that the
concentrate is 0.2 pH units below the point of calcium carbonate saturation). A negative 0.2 LS allows for pH excursions in actual plant operation. A polymerbased
antiscalant can also be used to inhibit the precipitation of calcium carbonate. Some antiscalant suppliers have claimed the eficacy of their product up to a positive LSI
value of 2.5 in the RO concentrate (though a more conservative design LSl level is +1.8). Sodiurm hexametaphosphate, an inorganic antiscalant, was used in the early
days of RO but the maximum concentrate LS| was + 0.5 and it had to be made in short-lived batches as the air easily oxidized it.

According to Reverse Osmosis, A Practical Guide far Industrial Users (Byrne), LSl is estimated as the difference between the current pH of the water [ pH ) and the pH
at which calciurm carbonate reaches saturation [ pHLS! )

LSl = pH - pHLSI

Whera
pHLSI = @3 +A+B) - (C+ )

where
A= (log(TDS) - 1310
=-1312 * logl Temp(0C) + 273) + 34.55
C = log[Ca as CaC03]-0.4
0 = log[alk as CaCO3]

Concentrations in brackets are moles/L and TDS is in mgiL.

‘4 start
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File Edit Bookmark Options Help

Eontentsi lnde:-:j Bac i Frint i i s l
Contents

YWelcome to the RODESIGM Help module. The Help module is organized into several sections to help you better understand the ROdesign Program, principles of membrane
filtration, RO and LIF design guidelines, element specifications, and other infarmation on operating and maintaining a reverse osmosis system.

Section | - RODESIGN Operation.
Use of BODESIGH

Program Logic

Cornwversion and Design Errors

Section lll Design Process
Pretreatrment

Flow Configuration

EO Sizing

Design Parameters Affecting Pedormance
DESIGH LIMITS

Cleaning

Section V — HYDRAcap Ultra-Filtration
Introduction to Technology

Introduction to Operation

Hydracap Technical Information

Input Parameters

For Help on Help, Press F1

Section Il - Overview of RO
Introduction, Terms, and Equations
Commercial BO Technology

Membrane Module Configurations
Pararmeters of the B0 Process

Water Chermistry

Section IV — RO Element Information
HYDEANAUTICS' Offering of Elements
Elerment Pedformanced Testing Conditions
Element Specification Sheets

HYDBANAUTICS

A Nitte Denkso Corparallon
wivh. Membranes.com
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+# Hydranautics RO Projection Program - [Analysis]

File Analysis R Design Calculation Help
Project |MWA Code |MWA| Feed|Surface Water | Date |
pH B6.71 Turb 1.7 E cond 3457 uS/cm CO2 106.9 ppm

Temp | 25.0 | C j 501 | 0 | 15min ﬂ HZ5 ’70 ppm Fe liﬂ ppm
Ca | 0 ||1|1m j| .00 meq co3 | .2 |ppm L' .01 meq
Mg 0[ppm | .00 meq HCO3 | 3745 |ppm ~| 6.14 meq
Ma m ppm Lm menq 504 | 369.4 ([ppm L| 7.70 meq
K | 220.0 |ppm Ll h.64 meq Cl | 583.2 ppm Ll 16.45 meq
HH4 GG6.0 ||1|:-m j 3.67 meq F | 4 [ppm L' .02 meq
Ba .000 |ppm ¥} .00 meq ND3 | B |ppm L| .01 meq
S | _ooojppm < 00 meq §i02 | 198 -l .00 meq
Total Positive 30.32 meq Autobalance Total Hegative m meq
Caclculated TDS | 2117 ppm lonic strength 034 Print

Ca504 saturation

0= BaS04 saturation .0 % | Clipboard
Silica saturation 141 % 5504 saturation 0= Save

A,

Saturation Index | 0.0 |Langelier j Ozmotic pressure | 196 ||lsi j

9
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a d o 1 a
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4. M Autobalance

5. Click Toolbar iJu RO Design
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«8 Hydranautics RO Projection Program, - [RO Design]

File  Analysis

Calculation

Help

Project |H'!|I|I"A

pH | 671

Membrane age |

| Calculated by |[PORNSAK SAMORNKRAIS| pate [11/15/48

3.I]|years j Chem type ||-|2504 j

Temp | %0 | C j Chem doging rate 0 | ppm ﬂ Chem concentration 1005

Flux decline % per pear 7.0
5P increase ¥ per year 10.0

Product recovery
Permeate flow
Average flux rate
Feed flow

Concentrate flow

System Specs
Element type

Elementsfveszel

Vesszels

Element type
Elements/vessel

Vesszels

-4 70.0

| m3hr j| 700
|I.-'m2‘-hr j 2315
m3hr -] | 10.0
m3hr L' 3.0
Stage 1 \| Stage 2
‘CPAE | |CF'A3
| 4 | 4

I

Feed water type

| Surface Water j

Permeate blending [~ Permeate throttling [

Concentrate recirc. [  Booster pump [

6. 1gwiine RO Design

1 o S 9
7. lda ey product recovery, permeate flow navins

i4 Start

= € > [ meosoitp

Paszzes

L Run
Stages | 2 -
Pazz 1 r |
Recalc Array
Analysis

O AutoDizplay




Project [Chanchai | Calculatedby [PORNSAK SAMORNKRAIS| pate [11/15/48
pH | .71 Membrane age | 3.0 | years j Chem type H2504 -
Temp | %0 | C j Chem dozing rate o | ppm ﬂ Chem concentration 100
Flux decline % per year 7.0 Feed water type |5urface Water j
5P increase ¥ per year 10,0 Permeate blending [~ Permeate throttling [
Product recovery. 2 70.0 Concentrate recirc. [ Booster pump [
faeraue Hisiale |I.-m‘_J‘-hr ﬂ 23.5 Model Nom prod. Rej. Element type Size
Concentrate How m3hr L| 3.0 ESHAL1-LF 7,500 gpd, #6.0% rejection, Softening composite .0 x 40.0
ESPR-2540 750 gpd, 98.0% rejection, Low pressure composite 2.5 x 40.0
ESPRA1-4040 2,600 gpd, 99.3% rejection, Low pressure composite 4.0 x 40.0
ESPR2-4040 1,900 gpd, 99.6% rejection, Low pressure composite 4.0 x 40.0
Stage 1 | Stage 2 ESPA3-1040 3,000 gpd, 98.5% rejection, Low pressure composite 4.0 x 40.0
System Specs ESPR1-1040 2,500 gpd, 99.2% rejection, Lowest pressure composite 4.0 x 40.0
Element type ‘CPM | |CPP*3 ESPR1 12,000 gpd, 99.3% rejection, Low pressure composite §.0 x 40.0
Elementsfveszel | 4 | 4 ESPA2 9,000 gpd, 99.6% rejection, Low pressure composite 8.0 x 10.0
Veszzels |—1 |—1 ESPR3 14,000 gpd, 98.5% rejection, Low pressure composite 8.0 x 40.0
ESPR4 12,000 gpd, 99.2% rejection, Lowest pressure comosite .0 x 40.0
CPR2-4040 2,250 gpd, 99.3% rejection, High rejection composite 4.0 x 40.0
Element type CPR2 10,000 gpd, 99.5% rejection, High rejection composite .0 x 40.0
CPR2-HR 10,000 gpd, 99.7% rejection, High rejection composite .0 x 40.0
Elements/veszel CPA3 11,000 gpd, 99.7% rejection, High rejection composite §.0 x 40.0
Yesszels CPRd 6,000 gpd, 99.7% rejection, High rejection composite .0 x 40.0
LEC1-4040 2,300 gpd, 99.0% rejection, Low fouling comosite 4.0 x 40.0
LEC1 11,000 gpd, 99.5% rejection, Low fouling composite 8.0 x 40.0
LFC3-4040 2,000 gpd, 99.7% rejection, Low fouling comosite 4.0 x 40.0
LFC3 9,500 gpd, 99.7% rejection, Low fouling comosite 5.0 x 40.0 w
Ok | Cancel | Select then 0K or Double Click

Y

8. lﬁ@ﬂ RO Element Nty @uNULAAINN




&8 Hydranautics RO Projection Program, - [RO Design]

File Analysis Calculation Help
Project [Chanchai | Calculated by [PORNSAK SAMORNKRAIS| pate [11/15/48
pH | 6.71 Membrane age | 3.0 |years ~| Chem type |H2s04 |
Temp | 2% 0 | C ﬂ Chem dozing rate o | ppm ﬂ Chem concentration, % 1|]|]E|
Flux decline % per year 7.0 Feed water type |5urla-::e Water j
SP increase % per year ﬁ Permeate blending [ Permeate throttling [
Product recovery, % 70.0 Concentrate recirc. [ Booster pump [
Permeate flow | m3hr j| F.00
Awverage fux rate |I.-'m2‘-hr ﬂ’ﬁ
Feed flow m3ihr - | 10.0
Concentrate How mihr T| 3.0
- Paszzes
Stage 1 ]Stage? W 10. CIICk c].]ll Run
Svstem Specs Q
Element type . [cpa3 | [cPas | =
Elements/vessel | 4 | 4 Stages |_2%|
Vessels |—1 |—1 Pass 1
Recale Array |~ . |
Element type
Elements/veszel Analysis

Veszzels
[ AutoDizplay

9. lasuav Elements/vessel taz3117u vessels

v Y

Taglsnamsoenuuy RO wuszdmua rule of Thumb 1371 permeate 1 au.uw/RO element 1 vou

Y ? Py
aduriguina 8 17)
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Treatment  Calculation  Graphs  Help

Project |Ehanc:hai

| Calculated by |PORNSAK SAMORNKRAIS| pate

11415748

pH | .71 Membrane age | 20 |year5 J Chem type | H2504 J
Temp | 2% 0 | C ﬂ Chem dozing rate | ppm J Chem concentration, % 1|]|]E|

Flux decline % per year

SP increasze X per year

7.0
10.0

Feed water type |5urla-::e Water J
Permeate blending [~ Permeate throttling [

Product recovery, % 70.0 Concentrate recirc. [ Booster pump [
Permeate flow | m3hr ﬂ| .00
Awverage fux rate |I.-'m‘_J‘-hr j 26.9
Feed flow mihr L| 10,0
Concentrate flow mihr - | 30
— Calculation Results ——— e
Pressure m A Flow/veszel |n13.-hr - |I.-'m‘_-’-hrj 1 |
Arrav/Vessels| Feed | Conc. | Feed | Conc Fluz | Beta |~
1-1 1 13.6 12.5 10.0 56 297 1.16
1-2 1 125 12.0 5.6 30 231 1.23
1-3 0 0.0 0.0 0.0 0.0 g0 000 Run
1-4 ] 0.0 0.0 0.0 0.0 0.0 000 Mext
Permeate concentration [ppm) |‘l|l|l"am|ng: design imitz: exceeded-chck here tor more inko | m
Ca 0.00|K 4.97|5r 0.00|504 1.86|ND3 0.09|C02 | 10690 | —————
Mg 0.00|MH4 1.49|C03 0.00|CI 11.69|5i02 0.27pH 5.3 L
Ha 8.76|Ba 0.00HCO3| 13.42|F 0.02|Total TDS | 42.E| ppm Clipboard
Concentrate parameters Analysis
Ca504 zat, X 0 (5504 sat, % 0 |[lonic strength 011 (pH 2\
Ba504 zat, % 05102 zat, % 47 |0 smotic pressure 4 4 |bar

| Saturation Index:  Langelier |

0.0 [Stiff % Davis | 0.00{Total TDS| 6958 7|PPm

[] AutoDisplay
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CONCENTRATION POLARIZATION (Beta factor)

The value of the Concentration Polarization Factor of 1.2, which is the recommended Hydranautics limit, corresponds to 18% permeate recovery for a 40” long
membrane element.

As water flowes through the membrane and salts are rejected by the membrane, a boundary layer is formed near the membrane surface in which the salt concentration exceed
the salt concentration in the bulk solution. This increase of salt concentration is called concentration polarization. The effect of concentration polarization is to reduce actual
product water flow rate and salt rejection versus theoretical estimates. The effects of concentration paolarization are as follows:

1. Greater psmotic pressure at the membrane surface than in the bulk feed solution, delPosm, and reduced Met Driving Pressure differential across the membrane (delP -
delPosm).

2. Reduced water flow across membrane (Qw).

3. Increased szalt flow across membrane (Qs).

4. Increased probability of exceeding solubility of sparingly soluble salts at the membrane surface, and the distinct possibility of precipitation causing membrane scaling.

The Concentration Polarization Factor (CPF) or Beta can be defined as a ratio of salt concentration at the membrane surface (Cs) to bulk concentration (Ch).

CPF = Cs/Ch  (10)

An increase in permeate flux will increase the delivery rate of ions to the membrane surface and increase Cs. An increase of feed flow increases turbulence and reduces the

thickness of the high concentration layer near the membrane surface. Therefore, the Beta is directly proportional to permeate flow (Qpl, and inversely proportional to average
feed flow (Ofavg).

CPF = kp * exp(Qp/ Ofavy) (113
Where Kp is a proportionality constant depending on system geometry.

sing the arithmetic average of feed and concentrate flow as average feed flow, the CPF can be expressed as a function of the permeate recavery rate a of membrane element

(Ril.
CPF = Kp * exp(2Rif(2-Rij) (12)

[ Launch Internet Explorer Browser
JFinds and displaws information and Web sites on the Inkernet
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Beta Factor Exceeded
Flow Limits Exceeded

Flow is too high or too low beta factor is exceeded. A red message will appear when the recommended values for flow are not met or are exceeded, ar when the beta value
iz exceeded. YWays to correct this are to alter the system configuration, alter the recovery, ar to adjust the flow distribution through the individual passes of the
system.

o

< RODESIGN = |[=]E]

File Edit Bookmark Options Help
Qontentsi Index l Back i Print i £ i > I

Max/Min Flow per Vessel:

Fead Flow Concentrate Flon
embrane Diameter (in) Ilax (GP M) Iax (m3shr Ilin (GP M) Ivlin (m3shr
£ 16 36 2 or
& an 28 Ki 16
g T 17.0 12 Pl
25 85 192 14 3z
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Treatment  Calculation  Graphs  Help

File Analysis

Project |Ehanc:hai

pH |

6.71

Calculated by |PDHN5AK 5AHDHNKHAI5| Date [11/15748
3.0 |years j Chem type

Membrane age |

Temp |

Feed flow

Permeate flow

Awverage fux rate

Concentrate flow

250/Cc -/

Flux decline % per year

Product recovery, %

5P increasze % per year

7.0
10.0
f0.0

|m3.-hr j|
|I.-'m‘_J‘-hr ﬂ 235

.00

mihr

-

10.0

— Calculation Results

mihr E |

3.0

Feed water type

|H2s04 |

Chem dozing rate o | ppm ﬂ Chem concentration, % 1|]|]E|

|5urla-::e W ater

=

Pemmeate blending [~ Permeate throttling [

Concentrate recirc. [ Booster pump

Pressure w - Flow/vessel |n13.-hr - |I.-'m?-hrj
Arrav|Vessels| Feed | Conc. | Feed | Conc Fluz | Beta | #
1-1 1 12.4 11.3 10.0 6.0 259 1.14
1-2 1 11.1 107 6.0 30 202 114
1-3 ] 0.d 0.0 0.d 0.0 0.0 000
1-4 1] 0.0 0.0 0.0 0.0 0.0 0.00( »
Permeate concentration [ppm]
Ca 0.00|K 5.77|5r 0.00|504 217|HO3 o1o0{Co2 | 10690
Mg 0.00|MH4 1.73|C03 0.00|CI 13.59|5:02 0.32(pH 5.4
Ma 10.17|Ba 0.00|HCO3| 15.569(F 0.02[Total TDS | 49.5/ppm ~
Concentrate parameters
Ca504 sat, & 0 (5504 sat, % 0 [lonic strength 0.11(pH ¥.2
Ba504 zat, % 0(Si02 sat, % 47 |0 smotic pressure 4 4 |bar
| Saturation Index: Langelier | 0.0 [Stiff & Davis | 0.00[Total TDS| §942 G|PPM

.

Paszes

Run

Next
Flow diagr.

Print
Chpboard

Analyszis

[] AutoDizplay
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| Rodesign Quick Results Screen

File Close
Hydranautics Hembrane Solutions Design Software. v. 8.5 {(c) 2003 15-11-2548 -~
BASIC DESIGH
RO program licensed to:
Calculation created by: PORHSAK SAHORHERAISORAKIT
Project name: Chanchai FPermeate flow: 7.00 m3-shr
HP Pump flow: 10.0 m3-hr Raw water flow: 10.0 m3-hr
Recommended pump press. : 13.6 bar
Feed pressure: 12.4 bar Permeate recovery ratio: 70.0 %
Feedvater Temperature: 25.0 C{(77F)
Feed water pH: 6.71 (0.00) Element age: 3.0 years
Acid do=zage., ppm (100X): 0.0 H2504 Flux decline ¥ per wear: 7.0
Acidified feed CO2: 106.9 Salt passage 1ncrease, Xsyr: 10.0
Average flum rate: 23.5 1lsm2-hr Feed type: Surface Vater
Stage Perms. Flow-¥Yes==el Flux Beta Conc . &Throt . Element Elen. Arravy
Flow Feed Conc Pressures Type Ho.
a3~ hr m3~ hr =m3-hr lsmZ2-hr bar bar
1-1 4.0 10.0 6.0 26.9 1.14 11.3 0.0 CPA3d 4 1=4
1-2 3.0 6.0 3.0 20.2 1.19 10.7 0.0 CPA3 4 1=4
+——t—— Raw water——+——Feed water———+—Peraeate———— +——Concentrate——+
|Ion | ng-1 meqg-s1l | ng-1 meqgq-l | ng-1 negsl | ng-1 neqgsl |
Ca o.0 0.0 o.0 0.0 0.00 0.0 0.0 o.0
Hg o.0 0.0 o.0 0.0 0.00 0.0 0.0 o.0
Ha 483 .3 21.0 483 .3 21.0 10.17 0.4 1587 .3 69.0
K 220.0 L 220.0 L 5.77 0.1 719.9 18.5
HH4 66.0 3.7 66 .0 3.7 1.73 0.1 216 .0 12.0
Ba 0.000 0.0 o.000 0.0 0.000 0.0 0._000 o.0
St 0.000 0.0 o.000 0.0 0.000 0.0 0._000 o.0
co3 0.2 0.0 0.2 0.0 0.00 0.0 0.7 o.0
HCO3 374 .5 6.1 374 .5 6.1 15.59 0.3 1212 .0 19.9
S04 369 4 7.7 39 4 7.7 2.17 0.0 1226 .3 25.5
Cl 583.2 16 .5 £83.2 16.5 13.59 0.4 1912 .3 53.9
F 0.4 0.0 0.4 0.0 0.02 0.0 1.3 0.1
HO3 0.6 0.0 0.6 0.0 0.10 0.0 1.8 o.0
5102 19.8 19.8 0.32 65.3
|ITDS | 2117.4 2117 .4 49 .5 6942 .6 |
IpH | 6.7 6.7 LY | 7.2 [
Raw water Feed water Concentrate
CaS04 - KE=sp = 100: 0 0 0%
Sr504 - K=p = 100: 0 0 0
BaS04 ~ Ksp = 100: 0 1)+ 0%
5102 saturation: 14 142 47%
Langelier Saturation Index 0.00 0.00 0.00
S5tiff & Davis Saturation Index 0.00 0.00 0.00
Ionic strength 0.03 0.03 0.11
O=zmotic pres=zure 1.4 bar 1.4 bar 4 _4 bar

4 Start (S )




Project |Ehanchai

| pH | .71 Membrane age ]

| Temp I 25.0 J [ j Chem dozing Iat5=| 0 | ppm

Flux dechine % per year

SP increaze X per year

Product recovery, %

Permeate How m3hr

| Average flux rate ]Ia’m?-hr ]
Feed flow mihr
Concentrate How mihr
— Calculation Besults ———
Preszurg
Arrav/Vessels| Feed |
1-1 1 12.4
1-2 1 11.3
1-3 ] 0.0
1-4 ] 0.0
Permeate concentration [ppmi
Ca 0.00(K L
Mg 0.00{NH4 1.7
Ha 10.17|Ba 0.0y
Concentrate parameters |
Ca504 zat, % 0550
Ba504 zat, % 0502
| Saturation Index: Langelied

i, Flow Diagram

;Fluw
Pressure bar ] _l]] 12.4
TDS (ppm)

Calculated by |[PORNSAK SAMORNKRAIS| pate [11/15/48

3.0 |years l.' Chem type
L] Chem concentration, &

H2504 -
100

TWO STAGE SYSTEM

—@-Q'@_’

@.

1 Z 3 1 5 6 7
m3he | 100| 100 60| 30| 40| 30| 70
11.3] 107 o .0 0

| 21174 | 21174

w11.3| s9426|  246| me| 495

Clipboard 1:
Frirt
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File Analysis

RO Design

Treakment

Calculation  Graphs

Help

Calculated by |[PORNSAK SAMORNKRAIS| pate [11/15/48
Membrane age | 3_l]|years j Chem type |H‘_J‘504 j

Chem dosing rate o | ppm ﬂ Chem concentration, & 1|]|]E|
7.0 Feed water type |

10.0 Pemmeate blending [~ Permeate throttling [

Project |Ehan-::hai |
pH | 671

Temp 25.0 |15 ~

Flux decline % per year

| Surface Wwater

SP increase % per pear

Product recovery, % 700 Concentrate recirc. [ Booster pump [
Permeate flow | m3hr ﬂ| Z7.00
Average flux rate |I.-'m‘_J‘-hr j 2315
Feed flow m3hr L' 10.0
Concentrate flow mihr - | 20
. Passes
— Calculation Rezultsz
Pressure bar | Flow/vessel | m3mr ~ [im2-hr ~| 12
Arrav|Vessels| Feed | Conc. | Feed | Conc Fluz | Beta | ~
1-1 1 12.4 11.3 10.0 6.0 269 1.14
1-2 1 11.3 107 6.0 30 202 118
1-3 ] 0.0 0.0 0.0 0.0 0.0 0.00 Run
1-4 0 0.0 0.0 0.0 0.0 0.0 0.00 + Mext
Permeate concentration [ppm]) Flow diagr.
Ca 0.00(K b.F7 |50 0.00(504 2.17|NO3 010 C02 | 10690( |———
Mg 0.00(MH4 1.73|C03 0.00(C1 13.59(5i02 0.32(pH 54 L
Ha 10.17|Ba 0.00HCO3| 1559(F 0.02(Total TDS | 49.5| ppm v Clipboard
Concentrate parameters Analysis
CaS04 sat, % 0(5r504 zat, % 0 [lonic strength 0.11(pH iz
i i b
BaS04 gat, X 05102 zat, * 47 |0smotic pressure 4 4 |bar [] AutoDisplay
| Saturation Index: Langelier | 0.0 [Stiff & Davis | 0.00|Total TDS| 6942.6|PPM
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File Analysis RO Design Calculation Help

Project | Code |ROPERM  Feed [STINIT ST ~ | Date [28/11/254

pH K319 Turb 0 E cond g6 uSSfcm CO2 106.9 ppm
Temp | 25_|]| J sDI | _I]|15min ﬂ H25 0 ppm Fe 0 ppm

Ca | _|]| J| .00 meq CO3 0 | .00 meq
Mg 0| =l .00 meq HCO3 15.6 ] 26 meq
Ha 10.2 _44 meq 504 22 | .05 meq

| |
| |
| |
K | 5.8 | 15 meq Cl | 138 | .38 meq
| |
| |
| |

NH4 17| R .10 meq F 0 | .00 meq
Ba .000 hd .00 meq NO3 A hd .00 meq
St | _ooo ~|l .00 meq 5i02 3 =] .00 meq
Total Positive .69 meq Total Hegative .69 meq
Caclculated TDS Iiﬂ ppm lonic strength Print

001
Ca504 zaturation n BaS04 saturation 0% Clipboard
Silica zaturation 2 = 51504 saturation 0D Save

Saturation Index | 0.0 |Langelier ﬂ Dsmotic pressure | 5 ||:lsi ﬂ

Dosing rate of chemicals, ppm (1002 concentration)
NaOH MaHCO3 Ma2C03 Ca[OH)2 H2504 HCI coz

[ o | o [ o [ o [ o [ off [ 106sf
Restore

i < g e
/4 start T € wm
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Calculation

araphs W=l

Project |Ehanchai |
pH | 671
Temp | 250/c ~|

Flux decline ¥ per pear

Membrane age

7.0

10.0

f0.0

| md/hr j|
|I.-'m‘_1‘-hr jlﬁ

mihr

SP increase % per year

Product recovery, %

Permeate flow

Average fHux rate

Feed flow - |

Concentrate flow m3hr - | 3.0

| 3.0 | years J Chem type

Feed water type

Calculated by |[PORNSAK SAMORNKRAIS| pate [11/15/48

|H2504 ~|

Chem dosing rate | ppm J Chem concentration. 1005

| Surface Wwater

]

Pemmeate blending [ Permeate throttling [

Concentrate recirc. [ Booster pump

— Calculation Reszultz

Pressule|har j Flow/vessel | mihr ~ |I.-'m2-hrj
Arrav|Vessels! Feed | Conc. | Feed | Conc Fluz | Beta |
1-1 1 12.4 11.3 10.0 60 269 114
1-2 1 11.3 107 6.0 30 202 1198
1-3 ] 0.0 0.0 0.0 0.0 0.0 0.00
1-4 [ 0.0 o 0.0 0.0 g0 0.00|
Permeate concentration [ppm]
Ca 0.00(K b.F7|5r 0.00(504 2.17|ND3 0.10(CO2 | 106.90
Mg 0.00(NH4 1.73|C03 0.00(C1 13.59(5i02 0.32(pH 54
Ma 10.17|Ba 0.00HCO2| 1559(F 0.02(Total TDS | 49.5| ppm v
Concentrate parameters
CaS04 zat, ¥ 0(5r504 zat, % 0 [lonic strength 0.11(pH i2
BaS04 sat, ¥ 05102 sat, % 47 |0smotic pressure 4_4 |bar
| Saturation Index: Langelier | 0.0 [Stiff & Davis | 0.00[Total TDS| 6942 6|PPM

-

Paszes

Run

Mext
Flow diagr.

Print
Chpboard

Analysis

[] AutoDisplay
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Prezsure vs Perm Salinity vs
Temperature Temperature

Recovery. low limit

Recovery, high limit

Prezsure wa Perm 5alinity 1
Recovery ¥z Hecovery

Permeate recovery range

| 0.0 2 Plot |
e = Close |
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Chanchai Pressure vs temperature 28M11/2548
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Permeate salinity, PPM TDS

Chanchai Salinity vs temperature 28/M11/2548
150
P
100 / "
50
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0
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Feed water temperature, C : :
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Feed pressure, bar

Chanchai Pressure vs recovery 28M11/2548
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m
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Permeate recovery, %
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Permeate salinity, PPM TDS

B0

Chanchai

Salinity vs recovery 28M11/2548
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File  Analysis

Help

Project |

pH 7.00 Turb B

Code | Feed|well Water _~|Date |28/11/254

E cond o uSfcm CO2 0 ppm

0
_I]|15minﬂ H25 0 ppm F

Temp | 25.0 | C j 5D1 | e liﬂ ppm
Ca | 0 ||1|1m j| .00 meq co3 | .0 [ppm L' .00 meq
Mg 0[ppm | .00 meq HCO3 | A lppm | .00 meq
Ma .0 jppm v .00 meq 504 | -0 |ppm L' .00 meq
K | -0 |ppm L' .00 meq Cl | .0 [ppm L' .00 meq
HH4 0 ||1|:-m j .00 meq F | .0 [ppm L' .00 meq
Ba .000 |ppm ¥} .00 meq ND3 | .0 [ppm L| .00 meq
Sr | 000 (ppm L' .00 meq 5i02 | 0 _| .00 meq
Total Poszitive .00 meq Total Hegative .00 meq
Caclculated TDS ppm lonic strength non Print

Silica szaturation

1]
CaS04 saturation 0o =
0

Mot a complete data set }turatiun .0 % |[Clipboard
51504 zaturation 0%

Saturation Index | 0.0 |Langelier j Osmotic pressure | 0 |II'5i ﬂ

Y

a d o 1 3’ 1A 1 A Jd
1. mwmmﬁwwmgmmmzmmﬁ 1 m“lmfmwmmﬁww

2. 11 Autobalance
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+# Hydranautics RO Projection Program - [Analysis]

File BEGENEES RO Design Calculation Help
Qpen
PrC e Code |[CHANCH Feed|Surface Water | bate |
pH  Mew TDS{Cond Turh 1.7 E cond 3457 uSicm EDZW ppm
= Analysis _ulm H2S ’7“ ppm  Fe lil] p—
L ?:ul:I:ie :“‘Eq co3 | .2 |ppm L| .01 meq
Mg | Uppm - ¥ -UU meq HCO3 | 3745 |ppm L| 6.14 meq
Na 483.3 |ppm | 21.01 meq 504 | 269.4 [ppm L' 7.70 meq
K | 2200/ppm ~| 5.64 meq € [ sazzjppm | 16.45 meq
NH4 66.0 [ppm  +| 3.67 meq F | Alpm || 02 meq
Ba .000 ppm | .00 meq NO2 | 6 [ppm L' .01 meq
S | .000 [ppm || .00 meq 5i0z | 19.8 | 00 meq

Total Pozitive

Caclculated TDS 2117 ppm
Ca504 zaturation n %
Silica saturation 141 =%

0.0 |Langelier ﬂ

Saturation Index |

Aa J g} = . .
3. Save %@gﬁﬂﬁﬁlﬂﬂgﬁm Tae 11N Toolbar Analysis\Save\analysis

30.32 meq Autobalance

Total Negative 30.32 meq
lonic strength 034 Print

Ba504 saturation 0% Clipboard
Save

51504 saturation o=
=l

Osmotic pressure | 19.6 ||lsi

sentation (ws...
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File Analysis RO Design - Treabment  Calodlation  Grachs  Helo

Project |Chanchai
—pH ETFl Save in: IE} Project Design[Hydranauticz RO j L |‘=j€ v
Temp 250(C analysis

Ca .0 |pp @ analysisZ

Mg 0 |I1I1 My Recent  Hafchanchaiz.des

Na m DIELTETS Bl Chanchaiz. des

-2 11 @ Hﬂ@Chanchai-ﬂr.des

K 220.0 pp . i ChanchaiS{soft-+20%) . des

NH4 66.0 |pp Desktop M o anchais(uin+20%). des

Ba .000 |pp . B Chanchait(umin+20%+)7m3-h. des

Sr 000 |pp ) ::gchanchaiﬂ(suft+2ﬂ°.foj.des

Chanchai.des
Total P ;
olal _D My Documents setup.dat

Caclculated TDS

Ca504 saturation gl

Silica saturation My Computer

Saturation Index

Q File: name: Ianal_l,lsis j Save |
My Metwork,  Save as type: Ifl'-.ll files [".] j Cancel |
Flaces

9 1
Y S 9

4. o file Ndoams

9 v

9 1 o A Y o ng; 19 9 9
5. aNUVBUALANUIN 2 UaIMeNUUe 1 — 4 YN
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File REyEEE Help

Open

PIc ey Code | Feed | well water | Date [28/11/254

pH  Mew TDS/Cond Turb o E cond 0 uS/cm CO2 .0 ppm

Te sDI | 0 | 15min ﬂ H25 0 ppm Fe lil] ppm
€3 Delete P 8 -00 meq co3 | 0ppm  ~|| .00 meq
Mg | uppm | .00 meq HCO3 | A lppm | .00 meq
Ma .0 ppm -] .00 meq 504 | .0 [ppm L' .00 meq
K | .0 [ppm L' .00 meq Cl | .0 |ppm L' .00 meq
HH4 0 ||1|1m j .00 meq F | .0 [ppm L' .00 meq
Ba .000 |ppm ¥} .00 meq NO3 | .0 |ppm L' .00 meq
Sr | 000 (ppm L' .00 meq 5i02 | 0 _| .00 meq
Total Positive Iil_'ll] meq Total Hegative lil]l] meq

Caclculated TDS ppm lonic strength non Print

0
Ca504 saturation n = | Mot a complete data set }turatiun 0= Clipboard
Silica saturation 0 % 51504 zaturation o=

Saturation Index | 0.0 |Langelier j Osmotic pressure | .0 ||15i j

6. 1tlavti toolbar Analysis\Blend

senkation (ws... 8 Hydranautics RO Proj



Look in: |I.':"} Project Dezsign[Hydranautics RO _':J = EF v

] rl-' alysls
@ analvsisz
My Recent  Bdchanchaiz.des ba/ 117254
et %Chanchai&des — o
?_E: E@Chanchai‘t.des ._'I]..-Ppm
- Et@ChanchaiS{snFt+ZD°.-’o]l.des -0 ppm

Deskior Bl anchaig(uio+20%).d
Type: IMadesign Docurnent

H A S
ﬁécmnchmﬁ(mumzﬂ ) Date Modified: 187102548 13:23
a@ChanchaiSll{snFt+2El°.-"o]|.d Size: 821 bytes

E@Chanchai.des

s setup,dat

kdn Docu
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&

ky Computer

m

My Network,  Files of type: | & files %)
Places

File name: Ianalysis _LI Open I
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Chanchai {10of 1)

Analysis Name Code Date

Chanchai CHAMCH

Cancel

DKl
_Cancel |

8. Click OK
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File Analysis R Design Help

Feed Water Blending

No. [ || Analysis code[CHANCH | Flow| 0|m3smr ~|| 0 Total Flow 0
 m3mr Py

Project |BLEND1 Code [CHAN( m3/d  lface water | Date |28/117254
pH 6.71 Turb 0 ﬂ::?f | 3482 uS/em CO2[ 1065 ppm
Temp | 250(c ~| SDI | 0| 15min | MIDE 0 ppm  Fe .0 ppm
Ca | 663 | 331 meq gpm 2 = 01 meq
Mo 17| =l 14 meq O o] 374.5 || 6.14 meq
Na 403.0 || 17.52 meq 504 | 3694 | 7.70 meq
K | 2200 || 554 meq cl | 5832 || 16.45 meq
NH4 66.0 | |l 367 meq F | 4 =] .02 meg
Ba 2.800 hd .04 meq NO3 | 6 = .01 meg
S | _ooo |l 00 meq §i02 | 198 -l 00 meq
Total Positive 30,32 meq Total Hegative 30,32 meq
Caclculated TDS 2108 ppm lonic strength 03 Print
Ca504 saturation |743 *® BaS04 saturation Iﬁ & Clipboard
Silica saturation 141 % 5504 zaturation Iil] -4 Save
Saturation Index | -0.5 |Langelier j D=motic pressure | 19.0 ||:-si j

10 v 9 1
9. 1@1%11&’31!@’3&’@"1] ﬂOW ﬁ@mmmawma
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+# Hydranautics RO Projection Program - [Analysis]

File Analysis R Design Help
Feed Water Blending
No. [1[2] Analysis code[CHANCH |Flow| 50 |m3nr ~ || 100 Total Flow 5.0

Project |BLEND1 Code |[CHANCH Feed v | Date |28/117254
pH B6.71 Turb Iil] E cond 2482 uSfcm CO2 106.5 ppm
Temp | 25.0 | C j 5D1 | 0 | 15min ﬂ H25 0 ppm Fe .0 ppm
Ca | 663 <l 3.31 meq co3 | 2 = _01 meq
Mg 17| =] 14 meq HCO3 | 3745 -l 614 meq
Na 403.0 || 17.52 meq 504 | 3694 || 7.70 meq
K | 2200 | 564 meq cl | 5832 | 16.45 meq
NH4 66.0 | |l 367 meq F | 4 & | .02 meg
Ba 2.800 -] .04 meq NO3 | 6 = .01 meg
S | _ooo =l .00 meq §in2 | 198 =l .00 meq
Total Positive 30,32 meq Total Hegative 20,32 meq
Caclculated TDS | 2108 ppm 036 Print

Ca504 zaturation 43 %

Silica szaturation

141 =

Saturation Index |

i4 Start

-0.5

10. Mouse Click %01 Feed Water Blending NO.sile

|Langelier j

lonic strength

BaS04 zaturation | 1995659 %
Sr504 saturation o=

Osmotic pressure |

Chpboard
Save

19.0
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Look. in: |E} Project Design[Hydranautics RO _':J = EF B
_2 = analysis 0 ’:’-‘xl ‘
MyRecent  Bdichanchaiz des P8/11/254
et %Chanchai&des ==
?:L: E@Chanchai‘t.des E?Dm
- Et@ChanchaiS{snFt+ZD°.-’o]l.des -0 ppm
Desktop Bh Chanchai6(uia+20%). des b meg
= 5@Chanu:haiﬁ{ﬂwﬁm+2lil°.-"o+]l?m3-h.des ": =
”) 5@ChanchaiS1(5:::Ft+2lil°.-"o]|.u:|es e
¥ D ; E@Chanchai.des [0
v Documents setup.dat 5 meq
g 2 meq
gl 1 meq
ky Computer 0 meq
_ 2 meq
9 File: name: IanalysisE ;‘ | Open l Print
by Metwark Filez of type: I.t'l'-.II files [*.7] _1! Cancel | b
Flace: [ Open az read-only pave
z

‘4 start

11. 139AKNANAT]

Y
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Chanchai {10of 1)

Analysis Name Code Date

CHAMCH

12. Double Click iteiila file
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File Analysis RO Design Help

Feed Water Blending

Ho. Analysis cude Fluwl 3I1| J | 0 Total Flow 5.0 J

Project |BLEND1 Code |EHANEH Feed 5urface Water | Date |28/11/254

pH 6.71 Turh E cond 3482 uSfcm CO2 106.5 ppm
Temp | 25_|]|C j 5DI 0 | 15min J H25 .0 ppm Fe .0 ppm

Ca | 663 =l 3.31 meq co3 2 =] 01 megq
Mg 1_?| J 14 meq HCO3 1745 hd 6.14 meq
Na 403.0 17.52 meq 504 369.4 ] 7.70 meq

NH4 66.0 | =] 3.67 meq F A -] .02 meq
Ba 2. 800 .04 meq HNO3 B lha .01 meq

| |
| |
| |
K | 2200 [ 554 mea cl | s832 |  16.45 meq
| |
| |
| |

Sr | 000 .00 meq Sin2 19.8 .00 meq

Total Positive 30.32 meq Total Hegative 20.32 meq

Caclculated TDS 2108 ppm lonic strength 036 Print
Ca504 saturation 43 = BaSO4 saturation 15565.9 % Clipboard
Save

Silica zaturation 141 = 51504 saturation -0
Saturation Index | -0.5 |Langelier j Dsmotic pressure | 19.0 ||13I j

A A Y

13. ladny flow uvastim 2 ndesmsilewiszuy RO

:.'.‘ Stan ""-:_. @ h > B ﬂ RO Software Designi... F ﬂ RO presentation (ws... «m Hydranautics RO Proj. . Er ﬁ ‘;_.a L N J ’_ | 14:29
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File Analysis R Design Help

N x J
Feed Water Blending

J I Jd o 9
No. [ ] Analysis code[CHANCH | Flow| 3.0| || b8 Total Flow 80 _ OK| nlesiguaini RO

Project |BLEND1 Code [CHANCH Feed | Surface Water _~| Date |23m o o
UIU Flow niviua

pH B6.71 Turb 0 E cond 2482 uSfcm CO2 106.5 ppm
Temp | 25.I]|C j 501 | _l]|15minﬂ HZ5 0 ppm Fe 0 ppm

Ca | 663 <l 3.31 meq co3 | 2 = _01 meq
Mg 17| =] 14 meq HCO3 | 3745 -l 614 meq
Na 403.0 || 17.52 meq 504 | 3694 || 7.70 meq
K | 2200 | 564 meq cl | 5832 | 16.45 meq
NH4 66.0 | |l 367 meq F | 4 & | .02 meg
Ba 2.800 -] .04 meq NO3 | 6 = .01 meg
S | _ooo =l .00 meq §in2 | 198 =l .00 meq
Total Positive 30,32 meq Total Hegative 20,32 meq
Caclculated TDS | 2108 ppm lonic strength 036 Print

CaS504 zaturation 43 = BaSD4 saturation | 155659 % | Clipboard
Silica szaturation 141 % SiS04 saturation 0% Save

Saturation Index | -0.5 |Langelier j Ozmotic pressure | 19.0 ||15i j

14. Click OK
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File Analysis NalsRsltE )

Help

Feed Water Blending

No. E@ Analysiz cude Fluw|

|| 38 Total Flow 8o 1]

Project |BLEND1 Code [BLEND1  Feed| Surface Water v | pate |28/11/254
pH B6.71 Turb Iil] E cond m uS/cm CO2 m ppm
Temp | 250(c ~| SDI | 0 [15min ~| H2S 0 ppm Fe 0 ppm
Ca | 663 - 331 meq co3 | 2 4 | .01 meq
Mg 1.7 | =] 14 meg HCO3 | 3745 | 614 meq
Na 403.0 | 1752 meq 504 | 3p9.4 || 7.70 meq
K | 22000 |l 564 meq Cl | 5832 || 16.45 meq
NH4 66.0 | - 367 meq F | 4 ~| 02 meg
Ba 2.800 ka 04 meg NO3 | & | .01 megq
Sr |  .ooo | 00 meq 5i02 [ 198 = .00 meq
Total Positive 30,32 meq Total Hegative 20.32 meq
Caclculated TDS W ppm lonic strength 036 Print
Ca504 zaturation qug b4 BaSO4 saturation Iﬁ & Clipboard
Silica saturation 51504 zaturation Iiu 4 Save

141 %

Saturation Index |

i4 Start

-0.5 |Langelier j

""',. [:3 h‘ » Fﬂ

Osmotic pressure |

15. Click RO Design

19.0 ||lsi
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File Analysis Calculation Help

Project |BLEND1 | Calculated by | | Date
pH | .71 Membrane age | .0 |years ﬂ Chem type |H2504 ﬂ
Temp | 2% 0 | C ﬂ Chem dozing rate o | ppm ﬂ Chem concentration, % 1|]|]E|
Flux decline % per year 7.0 Feed water type |5urla-::e Water j
5P increasze % per year 10.0 Permeate blending [ Permeate throttling [
Product recovery, % I Concentrate recirc. [ Booster pump [
Permeate flow | apm j| .00
Awverage fux rate |gft| ﬂ NI} 1 o a\
et [wm <0 16. @10 Membrane age 1/na 3 years
Concentrate flow apm L| N

Paszes

1=l
Stage 1 1

System Specs

Elements/vesszel 0 Stages [1 - |

Pazz 1 |
Yeszzels 0
Recalc Array

Analyszis

Element type

Elements/vessel |
Yeszels r=
[ AutoDizplay

Stage 2 J Stage 3 J Stage 4 J

17. la@aav Product recovery

18. lasuav Permeate Flow
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Project [BLEND1 | Calculated by | | Date [11728748
pH | 671 Membrane age | 0 |years ﬂ Chem type H2504 -
Temp | 2% 0 | C ﬂ Chem dozing rate o | ppm ﬂ Chem concentration, % 100
Flux decline % per year 7.0 Feed water type |5urla-::e Water ﬂ
SP increase X per year 10.0 Permeate blending [~ Permeate throttling [
Product recovery, % GO0 Concentrate recirc. [ Booster pump [
Permeate flow I mihr ﬂ| (A Flement Selection
Average flux rate |I.-m‘_J'-hr ﬂ 22.4 Model Nom prod. Rej. Element type Size
Feed flow m3ihr L| 8.3 | [Eswai-1F-104 1,600 gpd, 86.0% rejection, Softening composite 1.0 x 40.0 A
Concentrate How mihr - | 13 ESHA1-LF 7,500 gpd, 86.0% rejection, Softening composite 8.0 x 40.0
T ESPR-2540 750 gpd, 98.0% rejection, Low pressure composite 2.5 x 40.0
ESPR1-4040 2,600 gpd, 99.3% rejection, Low pressure composite 4.0 x 40.0
ESPRAI-4040 1,900 gpd, 99.6% rejection, Low pressure composite 4.0 x 40.0
Stage 1 1 Stage 2 ESPA3-4040 3,000 gpd, 98.5% rejection, Low pressure composite 4.0 x 40.0
System Specs ESPA1-4040 2,500 gpd, 99.2% rejection, Lowest pressure composite 4.0 x 40.0
Element type |CF’A3 | |CF'A3 ESPA1 12,000 gpd, 99.3% rejection, Low pressure composite 8.0 x 40.0
Elements/veszsel | 3 | 3 ESPAZ 9,000 gpd, 99.6% rejection, Low pressure composite 8.0 x 40.0
S i |—1 |—1 ESPRI 14,000 gpd, 98.5% re?ect:}un, Low pressure cmm051te_ 5.0 x 40.0
ESPRd 12,000 gpd, 99.2% rejection, Lowest pressure composite 5.0 x 40.0
CPR2-4040 2,250 gpd, 99.3% rejection, High rejection composite 4.0 x 40.0
CPR2 10,000 gpd, 99.5% rejection, High rejection comosite 5.0 x 40.0
Element type CPAZ-HR 10,000 gpd, 99.7% rejection, High rejection composite 8.0 x 10.0
Elements/vessel . 7% rejection, rejection composite 8.0 x .0
Veszels CPR1 6,000 gpd, 99.7% rejection, High rejection comosite 5.0 x 40.0
LFC1-4040 2,300 gpd, 929.0% rejection, Low fouling comosite 4.0 x 40.0
LFC1 11,000 gpd, 99.5% rejection, Low fouling comosite 5.0 x 40.0
LFC3-4040 2,000 gpd, 929.7% rejection, Low fouling composite 4.0 x 40.0
LFC3 9,500 gpd, 99.7% rejection, Low fouling composite 6.0 x 40.0
Cancel Select then OK or Double Click
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=8 Hydranautics RO Projection Program - [RO Design]

File Analysis Calculation Help
Project |BLEND1 | Calculated by | | Date [11/28/48
pH | 5.71 Membrane age | 0 |years j Chem type H2504 ~ |
Temp | 250 | C ﬂ Chem dosing rate 0 | ppm ﬂ Chem concentration, % 1|]|]|§
Flux decline % per year 7.0 Feed water type |5urfa-::e Water j
5P increase ¥ per year IW Permeate blending [ Permeate throttling [
Product recovery, ¥ BO.0 Concentrate recirc. [ Booster pump [
Permeate flow | m3hr ﬂ| 5.00
Average Hux rate |I.-'m2-hr j 22 4
Feed flow mihr - | 8.3
Concentrate flow m3hr ?| 3.3
o Paszes
Stage 1 1 Stage 2 1
Syztem Specs
Element type |CF'A3 | |CF‘A3 | =
Elements/vessel | 3 | 3 Stages Iizﬁ
Vessels |—1 |—1 e
Becalc Array || -, |
Element type
Elements/vessel Analysis

Yeszels
O AutoDisplay

20. laaavy Elements/vessel 1az31uiy vessels
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&8 Hydranautics RO Projection Program, - [RO Design]

File Analysis Calculation Help

Project (BLEND1 | Calculated by | | Date [11728748
pH | 6.71 Membrane age | 0 |years j Chem type | H2504 J
Temp | 2% 0 | C ﬂ Chem dozing rate | ppm J Chem concentration, % 1|]|]E|
Flux decline % per year 7.0 Feed water type |5urla-::e Water J
5P increaze ¥ per pear 10,0 Permeate blending [~ Permeate throttling [
Product recovery, % GO0 Concentrate recirc. [ Booster pump [
Permeate flow | m3hr ﬂ| 5.00
Awverage fux rate |I.-'m2‘-hr j 224
Feed flow mihr - | 8.3
Concentrate flow m3hr T| 33

o Paszzes

12|
Stage 1 \| Stage 2 W
System Specs
Element type  [Cpa3 | [cPaz | —
Elements/vessel | 7 | 3 Stages %I
Vessels |—1 |—1 s
BRecalc Array |~ . |

Element type
Elementz/vezzel m

Yeszels
[ AutoDisplay

21. Click 1]y Run
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=8 Hydranautics RO Projection Program - [RO Design]

File  Analysis

Treatment  Calculation  Graphs  Help

Project |BLEND1 |
pH | &7
250 c ~|

Flux decline ¥ per year

Temp |

SP increaze % per year

Calculated by |PUHN5AK
3.0 |years J Chem type

Chem dozing rate | ppm J Chem concentration 1005

7.0
[ 100

| Date

Membrane age |

|H2s04 |

Feed water type |5urface Water j

Permeate blending [~ Permeate throttling [~

Product recovery, 70.0 Concentrate recirc. [ Booster pump [
Permeate fow | m3hr ﬂ| 7.00
Average flux rate |I.-'m‘_-’-hr j 215
Feed How m3hr L' 10.0
Concentrate Flow m3hr - | 3.0
— Calculation Results——— fasies
Pressure [T - Flow/vesszel | mihr = |I.-'m‘_-’-hrj |
Arrav|Vessels|] Feed | Conc. | Feed | Conc Fluz | Beta | ~
1-1 1 12.3 11.3 10.0 6.0 268 1.14
1-2 1 11.3 10.6 6.0 30 203 1119
1-3 ] 0.d 0.0 0.0 0.0 0.0 000 Run
1-4 1 0.0 0.0 0.0 0.0 0.0 0.00f - Hext
Permeate concentration [ppm]) Flow diagr.
Ca 0.30|K 5.98|5r 0.00|504 2.06|HD3 0.09|C02 | 10654 (———
Mo 0.01|HH4 1.79|CDO3 o0.o0|Cl 12.89|502 0.32|pH 54 A
Na 8.79|Ba 0.01|HCD3| 14.78F 0.02|Total TDS | 4?.I]| ppm v Clipboard
Concentrate parameters Warning: saturation limits exceeded-click here for more info Analysis
Ca504 sat, % 19 (5504 zat, 0 |lonic strength 0.12|pH | 21
BaS04 sat, % | 67042 [Si102 sat, % 47 |0smotic pressure 4.3 |bar )
] AutoDisplay
| Saturation Index: Langelier | 1.0 [Stiff & Davis | 0.70]Total TDS| 6916.6/PPM
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File Edit Bookmark Options Help

Euntents| Index | Back I Print | £ | 3 |
Saturation Index -

Saturation indices are exceeded. A red message will appear that tells the user when saturation limits are exceeded. Recommended limits for various indices and salts
are B=ystem recovery can be reduced when saturation limits are eed
strearn so that the concentration of bicarbonate ion educed; this reduc he risk of precipitating o
stream. YWhere high concentrations of sulfate salts in the ntrate stream presents a risk of sulfate
sulfuric acid when acidifying feed may be an acceptable alternative.

ey

LSI (Langlier Saturation Index): LSl is a method of reporting the scaling or corrasive potential of low TDS brackish water based on the level of saturation of calcium
carbonate. LSl is important to boiler water and municipal plant chemists in determining whether a water is corrosive (has a negative LS1) or will tend to scale calcium
carbonate (has a positive LSI). L3l is important to RO chemists as a measurement of the scaling potential for calcium carbonate. The L3l value is calculated by
subtracting the calculated pH of saturation of calcium carbonate fror the actual feed pH. Calcium carbonate solubility decreases with increasing termperature (as
evidenced by the liming of a teakettle), higher pH, higher calcium concentration, and higher alkalinity levels. The LSl value can be lowered by reducing pH by the
injection of an acid (typically sulfuric or hydrochloric) into the RO feed water. A recommended target LS in the RO concentrate is negative 0.2 fwhich indicates that the
concentrate is 0.2 pH units below the point of calcium carbonate saturation). A negative 0.2 L3I allows far pH excursions in actual plant operation. A polymer-based
antiscalant can also be used to inhibit the precipitation of calcium carbonate. Some antiscalant suppliers have claimed the efficacy of their product up to a positive L3I
value of 2.5 in the RO concentrate (though & more conservative design L3 level is +1.8). Sodium hexametaphosphate, an inarganic antiscalant, was used in the early
days of RO but the maximum concentrate LS was +0.5 and it had to be made in shont-lived batches as the air easily oxidized it.

According to Reverse Oarmosis, A Practical Guide for Industrial Users (Byrnel, LS1 is estimated as the difference between the current pH of the water { pH ) and the pH
at which calcium carbonate reaches saturation { pHLS! )

LSl = pH - pHLSI

YWhere
pHLEI= B3 +A+B1—-(C +0)

where

A= (log(TDS) — 13410

B =-13.12 * log{ Termp@C) + 273} + 34.55
C=log[Caas CaCO3] -04

D = lag[Alk as CaCO3]

Concentrations in brackets are moles/L and TDS is in mg/L.

'

'y Staﬂ = B
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File Edit Bookmark Options Help

Euntentsl Index l Back i Print i £ i 3 I

Minimize

Saturation Limits

Saturation Limits for Sparingly Soluble Salis in the Concendrale:
Salt Saturation %o

Casod 230

Srsod 00

Ba=04 E000

Si02 100

Limits of Saturation Indices:

Condition® L5 Yalue
LS and 505! without scale inhibitor =-02
L] & SDSwith SHMP (sodium hexametaphosphate) = 05
L5l & SDSlwith organic scale inhibitor = 158

*Langelier and Stiff & Davis Saturation Indices
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&8 Hydranautics RO Projection Program, - [RO Design]

File Analysis Treatment  Calculation  Graphs  Help
Project (BLEND1 | Calculated by | | Date [11728748
pH | .71 Membrane age | 0 |year5 ﬂ Chem type | H2504 J
Temp | 2% 0 | C ﬂ Chem dozing rate | ppm J Chem concentration, % 1|]|]E|
Flux decline % per year 7.0 Feed water type |5urla-::e Water J
5P increaze ¥ per pear 10,0 Permeate blending [~ Permeate throttling [
Product recovery, % GO0 Concentrate recirc. [ Booster pump [
Permeate flow | m3hr ﬂ| .00
Awverage fux rate |I.-'m‘_J‘-hr j 22 4
Feed flow mihr L| 8.3
Concentrate flow mihr L| 313
— Calculation Results——— fasses
Pressure m - Flow/veszel |n13.-hr - |I.-'m‘_-’-hrj 1 [=1
Arrav/Vessels| Feed | Conc. | Feed | Conc Fluz | Beta |~ -
1-1 1 9.6 9.0 8.1 585 253 1.14
1-2 1 9.4 | 5.5 33 19 117
1-3 0 0.0 0. 0.0 0.0 0.0 0.00 Run
1-4 ] 0.0 0.0 0.0 0.0 0.0 000 Mext
Permeate concentration [ppm] Flow diagr.
Ca 0.07|K 3.76|5r 0.00|504 1.36|ND3 0.06CO2 | 106.76||(———
Mg 0.00|MH4 1.13|C03 0.00|CI 8.56|5i02 0.20(pH 5.2 L
Ha 6.21|Ba 0.00|HCO3 9.85|F 0.01|Total TDS | 31.2||1|rm - Clipboard
Concentrate parameters Analysis
Ca504 zat, X 5 (5504 sat, ¥ 0 |[lonic strength 0.09(pH FA1l—
Ba504 zat, % 05102 zat, % 35 |0 smotic pressure 3.3 bar [] AutoDisplay
| Saturation Index: Langelier | 0.2 [Stiff & Davis | 0.01|Total TDS| 5235 2|PPm
¥ v
A o 9/[1 = I ﬂ o 9 3 1 ll 1 Y, =
23, UDNMINITUN LUATUN LU TUDTULUSHULRAIISLIUUIT LUNDAIQUTLLAN
1 cl 9 . 1 . 9 .
a1 OK 1y mouse click 1Ju Check box Auto display a2 Click
1 o411 el
1y Run e 14 lUsunsun1anuae
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% Rodesign Quick Results Screen

File Close

Hydranauticse Membrane Solutions Design Software. ». 8.5 {c) 2003 281172548 -
BASIC DESIGH
RO program licensed to:
Calculation created by:
Project name: BLEHD1 Permeate flow: .00 m3-hr
HF Pump flow: 8.3 nlshr Raw water flow: 8.3 m3-shr
Recoamended pump press. : 10.5 bar
Feed pressure: 9.6 bar Permeate recovery ratio: 60.0 X
Feedwvater Temperature: 25.0 C{7?7F)
Feed water pH: 6.71 (0_00) Element age: 0.0 yvears
Acid do=sage, ppa (100X%): 0.0 H2504 Flurx decline ¥ per wyear: 7.0
Acidified feed CO2: 106_8 Salt pas=sage increase, <7yr: 10_0
Average flux rate: 22.4 1lsm2-hr Feed type: Surface Vater
Stage Perm. Flows¥Yeszel Flux Beta Conc . &Throt . Element Elemn. Arravy
Flow Feed Conc Pressures Type Ho.
mn3l hr m3- hr =3 hr 1l-mZ2-hr bar bar
1-1 2.8 8.3 5.5 25.3 1.14 9.0 0.0 CPA3 3 1x3
1-2 2.2 5.5 3.3 19.6 1.17 g.4 0.0 CPA3 3 1x3
+—t— Rawv water——+———Feed water———+——Peracate———— +——Concentrate——+
|Ion | mg-1 megsl | mng-1 meqg-sl | ng-1 neqgqsl | ng-1 megsl |
Ca 24 .9 1.2 24 .9 1.2 0.07 0.0 62.1 3.1
Hg 0.6 0.0 0.6 0.0 0.00 0.0 1.5 0.1
Ha 453 .2 19.7 453 .2 19.7 6.21 0.3 1123.7 48 .9
K 220.0 L 220.0 5.6 3. 76 0.1 L44 4 14.0
HHA4 66.0 3.7 66.0 3.7 1.13 0.1 163 .3 9.1
Ba 0.000 0.0 0.000 0.0 0.000 0.0 0.000 0.0
Sr 0.000 0.0 0.000 0.0 0.000 0.0 0.000 0.0
Cco3 0.2 0.0 n.2 0.0 0.00 0.0 0.5 0.0
HCO3 374 .5 6.1 374 .5 6.1 9.85 n.2 921.% 15.1
504 39 4 7.7 Ing 4 7.7 1.36 0.0 921 .5 19.2
Cl L83.2 16.5 583 .2 16.5 8.56 0.2 1445 2 40.8
F 0.4 0.0 0.4 0.0 0.01 0.0 1.0 0.1
HO3 0.6 0.0 0.6 0.0 0.06 0.0 1.4 0.0
5102 19.8 19.8 0.20 49 2
|TDS | 2112.8 2112 .8 31.2 5235.2 |
|pH | 6.7 6.7 .2 7.1 |
Raw water Feed water Concentrate
CaS04 ~ Ksp = 100: 2% 2% L
S5r504 7 KE=p = 100: 0% 0 0¥
Ba504 - K=p = 100: 0% 0 0¥
5102 =zaturation: 14 14 35%
Langelier Saturation Index —0.95% —0.95 0D.18
S5tiff & Davis Saturation Index —0.96 —0.96 0.01
Ionic =trength 0.03 0.03 0.09
Ozsmotic pressure 1.3 bar 1.3 bar 3.3 bar

F
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Project |BLEND1

pH | BT

Temp [ 250|cC
Flux decline X per year
5P increaze X per pear

| Product recovery, %

Permeate How

=

mihr i

| Calculated by |
Membrane age ]

. Flow Diagram

.0 |years ‘:J Chem type

| Date [11/28/48
H2504 -
Chem dozing rat&i 0 | ppm L] Chem concentration, 100

TWO STAGE SYSTEM

| Average flux rate ]Ia’m?-hr |
Feed How m3hr
| Concentrate Flow m3hr

— Calculation Results

Pressurs
Arrav/Vessels| Feed |
1-1 1 9.6
1-2 1 a.0
1-3 ] 0.0
1-4 1] 0.0
Permeate concentration [ppmi
Ca 0.07|K 3.7
Mg 0.00|HH4 11
Na 6.21|Ba 0.0}
Concentrate parameters I
CaS04 sat. % 5[5i504
Ba504 zat, % 0|5iD2 1

—@--Q'@_’

@.

| Saturation Index: Langelies

TDS (ppm)

_ 1 2 3 ' 5 3 7
Flow m3/m | 83| 83| 55| 33| 28] 22| =50
Pressure bar | 0| 98] 90| 84 0| 0 0

| 2tza| 2m128] mez0| s23s2| 23] 49| w2

Clipboard 1
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=8 Hydranautics RO Projection Program - [RO Design]

File Analysis RO Design I Calculation  Graphs  Help
Project [BLEND1 | Calculated by | | Date [11/28/48
pH | 671 Membrane age | 0| vears ~| Chem type |H2504 ~|
Temp | 250 | C j Chem dosing rate o | ppm j Chem concentration, 1005
Flux decline % per year 7.0 Feed water type |5urfa-::e Water j
SP increase % per year 10L0 Permeate blending [~ Permeate throttling [
Product recovery, % 0.0 Concentrate recire. [ Booster pump [
Permeate flow | m3hr J| .00
Average flux rate |I m2-hr J 22 4
Feed flow m3hr - |
Concentrate flow mihr - | 3.3
— Calculation Results —— FerEs
Prezzure w - Flow/veszel | mihr - |I.-'n12-hrﬂ 1~
Arrav/Vessels. Feed | Conc. | Feed | Conc Fluz | Beta |~
1-1 1 9.6 9.0 8.1 B8 253 1.14
1-2 1 9.0 8.4 L 331 196 117
1-3 ] 0.0 0.0 0.0 0.0 0.0 0.00 Run
1-4 1] 0.0 0.0 0.0 0.0 0.0 000+ Mext
Permeate concentration [ppm] Flow diagr.
Ca 0.07 (K 3.76|5r 0.00(504 1.36|H03 006 CO2 | 106.76(|————
Mg 0.00(HH4 1.13|CD3 0.00(Cl1 8.56|5i02 0.20|pH 5.2 &
Ha 6.21(Ba 0.00HCO3 9.85|F 0.01|Total TDS | 31.2||1|1m - Clipboard
Concentrate parameters Analysis
Ca504 zat, % b (Sr504 zat, % 0 |lonic strength 0.09(pH i1
i i b
Ba504 zat, ¥ 05102 zat, % 35 |Ozmotic pressure 3.3 |bar AutoDisplay
| Saturation Index: Langelier | 0.2 [Shff & Davis | 0.01|Total TDS| 5235 1|PPM
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=8 Hydranautics RO Projection Program, - [Analysis]

File Analvsis RO Design Calculation Help
Project | Code [ROPERM  Feed [T T ~ | nate [28/11/254
pH h19 Turh li E cond R uS/cm CO2 lm ppm
Temp | 250 | J SDI | 0 | 15min J HZ5 lil] ppm  Fe lil] ppm
Ca | 1| =l .00 meq co3 0 [~ 00 meq
Mo [ o = o0 meq HCO3 9.9 -~ 16 meq
Na 6.2 27 meq 504 1.4 hd .03 meq

| |
| |
| |
K | 3.8 | 10 meq Cl | 8.6 | .24 meq
| |
| |
| |

NH4 11 = .06 meq F 0 =] .00 meg
Ba .000 | - .00 meq NO3 A | - .00 meq
S |  .ooo =l .00 meq 5i02 2 =] .00 megq
T otal Positive 43 meq Total Hegative 43 meq
Caclculated TDS | 31 ppm lonic stiength | 000 Print
Ca504 zaturation lil] -4 BaS04 saturation li % Clipboard
Silica szaturation |71 -4 S1504 saturation li b4 Save
Saturation Index | 6.5 |Langelier j Dsmotic pressure | .3 |I15i j

Dosing rate of chemicals. ppm (1002 concentration)
MaOH MaHCOD32 NaZ2C03 Ca[0OH)2 H2504 HCI coz2

[ of | o [ o [ oF [ o [ of [ 10ssf
Hestore

25. n&anmiuzivealtldinauaz siiavesanaiiiielsuem pH ¥4
5 permeate 1ioldduavadlilugesi pH azlaou lausnavild
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=8 Hydranautics RO Projection Program, - [RO Design]

File #&nalysis RO Design Treatment  Calculation REEEN Help
Project [BLEND1 | Calculated by | | Date [11/28/48
pH | B6.71 Membrane age | K} |year5 ﬂ Chem type |H‘_JSD4 j
Temp | 25.0 | C j Chem dozing rate K] | ppm ﬂ Chem concentration & 1005
Flux decline % per pear 70 Feed water type |5urfa-::e Water ﬂ
SP increase X per year 10.0 Permeate blending [ Permeate throttling [
Product recovery, G0.0O Concentrate recirc. [ Booster pump [
Permeate flow | m3hr ﬂ| h.00
Average fux rate |I.-'m2-hr ﬂ 22 4
Feed flow m3hr L| 8.3
Concentrate flow m3hr - | 3.3
. Passes
— Calculation Results
Pressure|bar | Flow/vessel | m3nr »|[im2-nr | 14l
Arrav/Vessels| Feed | Conc. | Feed | Conc Fluz | Beta |~
1-1 1 9.6 9.0 8.1 5 2531 1.14
1-2 1 9.4 L | L] 33 196 117
1-3 0 0.0 0.0 0.0 0.0 o0 0.00 Run
1-4 ] 0.0 0.0 0.0 0.0 0.0 0.00] + Mext
Permeate concentration [ppm] Flow diagr.
Ca 0.07|K 3.76|5r 0.00|504 1.36|HNO3 0.06|CDZ2 | 106. 76| |———
Mg 0.00|HH4 1.13|C03 0.00|CI 8.56|5i02 0.20|pH 52 &
Ma 6.21|Ba 0.00/HCD3 9.85|F 0.01|Total TDS | 31.2|lr|m1 - Clipboard
Concentrate parameters Analysis
Ca504 sat. % 5(5r504 zat, % 0 |lonic ztrength 0.09pH FAL
i i b
Ba504 sat, % 0|5i02 zat, % 35 |0zmotic pressure 3.3 |bar AutoDisplay
| Saturation Index: Langelier | 0.2 [Stiff & Davis | 0.01|Total TDS| 5235.1|PPM
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&8 Hydranautics RO Projection Program, - [RO Design]

File Analysis

RO Design  UF Trezbment Calculation  Graphs  Help

i Pressure vs
i Temperature

Temperature, low limit

Temperature, high limit

Perm Salinity vs
Temperature

Prezsure wa Perrn S alinity ws
Recovery Recowvery

Feed temperature range

I 100 Plot |
I 50.0 Cloze |




=8 Hydranautics RO Projection Program - [RO Design]

File Analysis

RO Design Calculation  Graphs  Help

Feed pressure, bar

ELEND1 Pressure vs temperature 28/M11/2548
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=8 Hydranautics RO Projection Program - [RO Design]

File Analysis RO Design

Calculation  Graphs  Help

E)E)

Permeate salinity, PPM TDS

iy start

ELEND1 Salinity vs temperature 28/M11/2548
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=8 Hydranautics RO Projection Program - [RO Design]

E)E)

File Analysis RO Design Calculation  Graphs  Help
ELEND1 Pressure vs recovery 28/11/2548
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&8 Hydranautics RO Projection Program, - [RO Design]

File Analvsis RO Design

Calculation  Graphs  Help

Permeate salinity, PPM TDS

14 start

ELEND1 Salinity vs recovery 28/M11/2548
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