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1 General WAVE Features

The Water Application Value Engine (WAVE) is a new modeling software program that integrates three of the leading
technologies (ultrafiltration, reverse osmosis and ion exchange resin) into one comprehensive platform. The WAVE
software is used to design and simulate the operation of water treatment systems using the UF, RO, and IER component
technologies.

The following Introductory section includes description of the following general WAVE features:

1.1 Defining the User Information ... . . 10
1.2 Defining the Project Information ... . 14
1.3 Currencies and EXChange Rates ... ... oo e e 15
T4 Chemical Library .. e 17
15 OPerating COStS ... 21
1.6 PUMP EffiCI NGO . . 23
17 Units of M@asSUre .. L 25
1.8 Specifying the System Feed and Product FlowsS ... . . iil.. 27
1.9 pH Adjustment of the Final ProdUCt .. ... 28

1.1 Defining the User Information

When starting a project in WAVE it is advisable to put in user information including name, company, customer etc. This
can be done as follows:

1. Click on “User Settings” in the top ribbon

@' kd » | Untitled Project - Case 1 (E=SNE=
] ;
Fils ¥ Configul User Settings Feed Setup Report Help 5 WAVE Answer Center | (g Quick Help
gl =8 @
=N =1
Water  Chemical Project  Currency Oparahng Pumps Enable/  Backup  Restors Apply
Library Library Info Dissble Log  Database  Database License
Program Settings Project Settings Application Settings License Key Settings

Home | Feed Water | Utrafiltration | Reverse ©smosis | IX MB Polish | Summary Repert |

Untitled Project - Case 1 -
Wielcome! To get started on your new project: Technologies
1.5peacify the feed flowrate or product flowrate,

.Select the technologies by dragging and dropping the corresponding process icons between the two biua amows. 4 ) Pre-treatment

3.5elect = water typs from the dropdown list for UF, RO or ROSC. @ @

# | Bulk Demineralization

000

~ ) Polishing

@

| Split and Mix Points

=

Figure 1. Selection of User Settings to specify User Information
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2. Click on “User Info."

@ ' kd » | Untitied Project - Case 1 (=la] % |
File + Configuration User Settings Feed Satup Report Help % WAVE Answer Center | () Quick Help

00 0000 © # &

Water chuact Currency Opaaung Pumps: Ensble/  Backup  Restore

Libeary ublary Dissblelog Datshase  Database
Project Settings Application Settings
Untitled Project - Case 1
‘Welcome. To get started on your new project: Technologies
1. Speciy sither your water inputs or desired output o
2. Add processing steps from the tool palets (4 Pra-tastmant

3. Mousa aver items for help and hints @ @

() Bulk Demineralization

000

('~ Polishing

©

('~ Split and Mix Points

¥ ne PG

/:,

Design Guidelines Based On:

|

Figure 2. Selection of User Info button to specify User Information

3. Specify the User Information and click on ‘Save’

Page 11 of 226

@ ' |d | Untitled Project - Case 1 (= [E] s ]
BEES configuration  UserSettings | Feed Setup Help 5 WAVE Ansyer Center |l Quick Help
o L=
9 00 0606 9 & &
P!an:t Currency ogmhng Pumps Ensblel  Backup  Restors
I.an lenry Disable Log Database  Database
Program Settings Project Seltings Application Settings

Home | Feed Water | Summary Repart

Untitled Prof User Information
1. Speciy either yof Contact Information Aiddriics:

S e First Name: | John Street Address:

Last Name: | Smith City:
Company: |DOW Cauntry:
E‘ E-mail; [WAVE@dowcom
% offce; 8021 ] —_—

Mobile: | 123-456-78%0 User Interface Language:
e Report Language:

Figure 3. Specification of user information
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Note:

The following fields are used to pre-populate the ‘Project Information” window:

o First Name and Last name (these are combined to give the “Prepared by:” field)

« Company

« Country

« UserInterface (Ul) Language - Currently, the User Interface (Ul) Language choices are English, Spanish,
Portuguese, and Chinese. The Report Language is the same as the Ul language.

1.1.1 Defining the User Language

This can be done by the following steps:

1. Click on “User Settings” in the top ribbon

@ | ld » | Untitled Project - Case 1 L | 0
Filt v Configul User Settings Feed Setup Report Help 7 WAVE Answer Center 16 Quick Help
[ s L=}
O060 0000 @ « &
User Watsr  Chemical Projsct  Cumancy Opsrsbng  Pumps Ensbls/  Backup  Restors Apsly
Info Ubrary  Library Info Costs DissbleLog Dstsbsss  Datsbase License
Program Settings Project Settings Application Settings Licsnse Key Settings
Home | Fesd Water | Ultrafiltration | Reverse Osmosis | 10 MB Polish | Summary Report |
Untitled Project - Case 1 -
Welcome! To get started on your new project: Technologies

1.5pecify the feed flowrate or product flowrate,

3.Select 2 water type from the dropdown list for UF, RO or ROSC.

¥ aeN D

A= 600

Viater Type:

2.Sslect the tachnalogies by dragging and dropping the comasponding srocass icons betwasn the two blus smoms,

# | Pra-treatment

U s

| Bulk Demineralization

000

~) Polishing

@

| Split and Mix Points

Figure 4. Selection of User Settings to specify User Information
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2. Click on “User Info.

@ ' kd » | Untitied Project - Case 1 (=la] % |
File + Configuration User Settings Feed Satup Report Help % WAVE Answer Center | () Quick Help
o oy £
00 0000 @ & &
Water chuact Currancy Opetatlng Pumps Enable/  Bacup  Restors
Library ublary Dissblelog Datsbase  Database
Project Seftings Application Settings

Untitled Project - Case 1
‘Welcome. To get started on your new project: Tednnlngis

1. Specify sither your water inpurs or desired ouout
2. Add processing sweps from the tol paletis ~) Bra-traatmant

3. Mousa aver items for help and hints @ @

| Bulk Demineralization

000

~) Polishing

e

~ | Split and Mix Points

=

Figure 5. Selection of User Info button to specify User Information

¥ ne PG

ﬁ_

Design Guidelines Based On:

|

3. Select a language from the lower right hand side and click on ‘Save’

| User Information
Contact Information Address
L First Name: | Wave ] Street Address: | )
| LastName: [Tango ] ciy: | J
Company: | DOW ) Country: | )
E-mail: [ WAVE@dow.com i
o 65 W
Mobile: | ] User Interface Language: | English-United States -
Fax: | J Report Language: English-United States

Figure 6. Specifiying a language

Note: Currently, the User Interface (Ul) Language choices are English, Spanish, Portuguese, and Chinese. The
Report Language is the same as the Ul language.
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1.2 Defining the Project Information

When starting a project in WAVE it is advisable to put in project information including project name, date, description
etc. This can be done as follows:

1. Click on “User Settings” in the top ribbon

2. Click on “Project Info.”

o | | » | Untitled Project - Case 1

T
Filc » Configuration I User Settings Feed Setup Report Help T WAVE Answer Center 18 Quick Help
g
2 »
Q00 QO Q0 0 © ¢ &
User Water  Chemical Project  fMCumency Operaing  Pumps Enable/  Backup  Restore Apply
Info Library Library Info Costs DissbleLog Database  Datebase License
Program Settings Project Settings Application Settings License Key Settings

Home | Feed Water | Uttrafiltration | Reverse Osmosis | Ix ME Polish | Summary Report

Untitled Project - Case 1 Technologies
Welcome! To get started on your new project:

1.Specify the feed florate or product fowrate.

2,Select the technologies by dragging and dropping the corresponding process icons between the twa blue amows,
3Select 2 water type from the drapdown list for UF, RO or ROSC,

A | Pre-treatment

0O

| Bulk Demineralization

Qo0

. | Polishing

O

) Split and Mix Points

-

¥ ASN PG

3. Specify the Project Information and click on ‘Save’

Page 14 of 226

Project Information ]
Project Name: [UF + R0 - Bx 1 - Surface Water_v2 ]
Preparad by: [WAVE ] WAVE Version: 1.,48.483 Database: 8.0 Cale Engine:l 01.10.11.00

Company: [DOW ] Date Created: ~ 10/08/2017 Date Last Revised: 10/08/2017
Customer: [ ] Country: I

Project Motes:

Case Names ; | Cas= 1: Worst cass scenario in terms of rejection (highest temperature + highest flow factar)

(Case Notes; | C352 L Worst case scenario in terms of rejection {highest Key Words:
temperature + highest flow factor)

Case Name: ik - af: 2

= | B sz

Figure 8. Specification of the Project Information

Figure 7. Selection of the Project Info button to specify Project Information
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Notes:

« The following fields are taken from the ‘User Information’ window: ‘Prepared by’, ‘Company’ and ‘Country’ by
default. The user can update them on the ‘project Information” window.

« The 'WAVE version’, 'Database’, ‘Calc Engine’, 'Date Created’ and ‘Date Last Revised’ are not user inputs.

« The number of cases is determined by the Case Manager. Users cannot update the number of cases at the
Project Information window.

« The Case Notes are displayed in the Case Manager and Quick Nav windows as well as the Detailed Report.

1.3 Currencies and Exchange Rates

WAVE allows the user to specify currencies for cost calculation. The steps involved are:

1. Click on “User Settings” in the top ribbon
@ I | Uniitied Project - Case 1 (=5 it

e—e—— = =
Filt v Configul User Settings Feed Satup Report Help @ WAVE Answer Center 1) Quick Help
ki g =
=T =11
User Water  Chemical Projecc  Cumency Operaing  Pumps Enable/  Backup  Restore Apply
Info Library Library Info Costs Dissblelog Datsbase  Datsbase License
Program Settings Project Settings Application Settings Licanse Key Settings
Home | Fesd Water | Ultrafiltration | Reverse Osmosis | DOMB Polish | Summary Report |
Untitled Project - Case 1 [ Tedmologies
Welcome! To get started on your new project: echnologies l—
L5pecify the feed flowrate or product flowratz, | Pra-traatment

2.5elect the technologies by dragging and dropping the corresponding process icons betwaan the two blue armoms.
3.Select 2 water type from the dropdown list for UF, RO or ROSC.

# | Bulk Demineralization

@00

~ | Polishing

(%)

~ | Split and Mix Points

-

v Feadw:lnr

¥ ABNPIND

Water Type:

Figure 9. Selection of User Settings to specify Currencies and Exchange
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2. Click on “Currency”

-.IH

» | Untitled Project - Case 1

= | B ]

Filc

Conﬁguﬂ User Settings

Water Project
Library um.—, Info

Program Settings

Home

Untitled Project - Case 1
‘Welcome! To get started on your new project:
1.5pecify the feed flowrate or product flowrate.

3.5elect a water type from the dropdown

¥ neNpnd

WWater Type:

LUFLRO{nc)

Feed Water | Ultrafiltration | Reverse Osmosis | I ME Polish | Summary Report |

Feed Setup Report Help
rE
Q0|19 O © & &
Currency | Operating Pumps Enable/ Backup Restore
Costs Disable Log  Database Database
Project fettings Application Settings

% WAVE Answer Center 16 Quick Help

Apply
License
License Key Settings

2.5elect the tchnclogies by dragging and dropping the comrasponding procass icans betwesn the two blus smoms.
list for UF, RO or ROSC.

Teuuwhogies
~ | Pre-treatment

0O

| Bulk Demineralization

# | Split and Mix Points

@

Figure 10. Selection of Currency to specify Currencies and Exchange Rates

3. Select a currency and update the conversion rate to the USD. If necessary, make these values the default

values.

4. Click "Save”

Page 16 of 226

@ | |d » | Untitled Project - Case 1 (==
Filc v Configuration User Settings Feed Setup Report Help F WAVE Answer Center i) Quick Help
L] Lg=]
9 oQ Q|0 © © & &
Water Currency OpEratmg Pumgps Enable/ Backup Restore Apgly
Library uh-ary Dissble Log Datsbase  Database Licenss
Program Settings Project fettings: Application Sattings License Key Settings

Home | Fesd Water | Ultrafiltration | Reverse Gsmasis | 1 M5 Polish | Summary Report |

Untitled Project - Case 1

Welcome! To get started on your new project:
1.5pecify the feed flowrate or product flowrate,
2.5elect the tachnelogies by dragging and dropping t
3.Select 2 water type from the dropdown list for UF,

¥ AR PID

.
ﬂ,.: ﬂ

Currency
gf:j:‘; — Symbol  Exchange Rate

© | S Dollr 3 1.00 e
Ewro € 0.77 (]
Jzpaness Yen ¥ 80.24 a
Chinese Yuan Renminbi CNE 6.24 %]

) Braziian Real RS 203 =]

[ addCumeney | [ Canal | Save )

Technalogies
# | Pre-treatment

0o

» | Bulk Demineralization

000

~ Polishing

b

# | Split and Mix Points

@

Water Type:

Figure 11. Specification of Currencies and Exchange Rates
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Notes:

« The currency selected in the ‘Currency’ window will be used in subsequent cost calculations and in specifying
the Operating Cost.

o Users can add a new currency by clicking on “Add Currency” in the ‘Currency’ window.

1.4 Chemical Library

Multiple chemicals are used in WAVE to adjust pH, coagulate solids, clean UF modules, prevent scaling, regenerate ion
exchange resins etc. In WAVE, these chemicals can be common substances (e.g. NaOH, HCl) at various concentrations or
user defined chemicals. These chemicals can be defined as shown below:

1. Click on ‘User Settings’ in the top ribbon

@ ' |1 » |Untitled Project - Case 1 l = Q
Filt v Configui User Settings Fead Setup Report Help 5 WAVE Answer Center | () Quick Help
[ g re
OO0 000 0 © « &
User Water  Chemical Project  Cumency Operaing  Pumps Enable/  Backup  Restore Apply
Info Ubrary  Library Info Costs DisableLog  Database  Database License
Program Settings Project Settings Application Settings License Key Settings

Home | Fesd Water | Ultrafiltration | Reverse Osmosis | DOMB Polish | Summary Report |

Untitled Project - Case 1 -
Welcome! To get started on your new project: Technologies
1.5pecify the feed flowrate or product flowrate, v

2 Salect the technologies by dragging and dropping the corresponding process icans between the two blue amows. ) Pre-trestment

35elect 2 water type from the dropdown list for UF, RO or ROSC. @ @

# | Bulk Demineralization

000

~) Polishing

@

~ | Split and Mix Points

@

.

®
v Feadw:lnr

¥ ABNPIND

Water Type:

Figure 12. Selection of User Settings to specify Chemicals
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2. Click on ‘Chemical Library’

'O‘H

w | Untitled Project - Case 1

= | B

Configuration
‘Water
Library ubmry
Program Settinls

User Settings Feed Setup Report Help £ WAVE Answer Center 16 Quick Help
o S
© 00 O ¢ ¢
Project Currency Dpa(ahng Enable/ Backup Restore
Info Disable Log Datsbase  Database
Project Settings Application Settings License Key Settings

Stream Definition
Stream 1

Feed Water | Ultrafiltration | Reverse Osmesis | 1x MB Polish | Summary Report |

Feed Water - River - Mean Europe

Total Dissolved Solids : 192.37 m,

Total ppm CaCOs: 114.66

Feed Parameters Solid Content
- Temparature
15 Water Type:
Surface Water - Tutsgty: [ 000 Jwu [ 50 ][ 150 Jc[ @ e
Water Sub-type: N e
Toral Suspended Solid : - L L
s e
E ‘Organic Content Additional Feadwatar
§ Organics (TOC) | 0.00 | malL
B>
Cations. Anions Neutralz
Symbol mg/L ppm CaCo, meg/L Symbal gL ppm CaCo, meg/L Symbol ma/L
NH. 0.00 0.00 0.00 CO. .09 0.14 0.00 Si0; ‘ 7.50
K 1.70 2.18 0.04 HCO, 93.61 76.77 153 B ‘ 0.00
Na 540 1175 0.23 NO; E] 5% 0.06 CO; ‘ 9.78
Mg 5.60 23.06 0.48 Cl 6.90 5.74 0.19
Ca 31.10 77.67 1.55 F 0.00 0.00 0.00
Sr 0.00 0.00 0.00 50: 24.00 25.01 0.50
[ 0.00 0.00 0.00
Total Cations: 43.80 114.66 229 Total Anions: 128.29 114.65 2.29 Tatal Neutrals: 17.28

Total Dissolved Solutes: 179,600.21 mg/L

gL

Charge Balance: -0.000001 meq/L Estimated Conductivity: 242 46 pSfcm

Figure 13. Selection of the Chemical Library to specify Chemicals

3. Select which chemicals would appearin dropdown boxes and which chemicals are to be included in cost

calculations

g R
@' kd v | Untitled Project - Case 1 ol o
Configuration User Settings Feed Setup Report Help 5 WAVE Answer Center | g} Quick Help

f= 4]
@ o & 000 © ¢« ¢
Water  Chemical Project  Cumency Operatmg Ensble/  Backup  Restore
Library Library Info Disable Log Database  Database
Program Seftings Project Settings Application Settings
Ho™ WAVE Chermical Library g
Hide from  Alweysshowin Symbol Name Displayed as Categery Bulk Concentration Bulk Density Bulk Price Cost Type
Drop-down  Operating Cast
Selections st % Kait s
=] =] GHeD»  Ciric Acid Citric Acid(100) | Organic Acd 100.00 1.6650 152 kg .
] Fefl, | Femic Chloride Fecl{100) Cozgulan: 100.00 28380 167 i
e =] HE0. | Sulfuric Acd H.50.(58) Acd 98.00 18400 0.06 g
g =] HO Hydrochloric Acid WOl (32) = 3200 1.1800 0.10 kg
g
:) ] HO Hydrochloric Add Hd (35) acid 35,00 1.1800 B0 ™
=] Me:C0: | Sodium Carbonate MazC0s (15) Base 15,00 11535 010 kg
=] Na;5:0y | Sodum Metahisulfite Na:5:0{100) SMES 100.00 1.4800 2.07 kg
=] MagPeCy | Sodum Hexememphosphate | NaPDw(100) | Antscalznt 100.00 24840 1.00 kg
=] =] Nadl Sodium Chloride Nad (26) Salt 26,00 1.2000 010 kg
[} MeOC | Sodim Hypochkrite Na0CI(12) Onidant 1200 11550 032 ko
] ] NaOH Sodium Hydrozide NaOH (30) Base 30.00 13286 0.26 kg e
= (ol | [ s
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Figure 14. Specification of Chemicals
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1.4.1 Adding a New Chemical

www.abpsoil.com

1. To add a new chemical, click on “Add Chemical”

Lo | B o]

WAVE Chermical Library

User Settings

Feed Setup

.6@@

Pk Carency Operthg  Pumes

Project Settings

° | | » | Untitled Project - Case 1
Configuration
User Water
Info Library ubm
Program Settings
Home L

5 WAVE Answer Center ) Quick Help

u
;’f’ Iidatrom  Mmamshowia | Symbol Name Displayedas Cstegod
§: Selectiont Nist |
B8 B CHO, | Cuiched Caric AGE{100) | Goganic |
B Bl ek |reme londe ETRE=
] ® S0, |Sufieizted | wsolan s
g_— il il 0| ydrochorc Acd | sl
f [ 3] Ho b, e | Haizs) e
» | m B NaicD: | soduen carborate |necs 1) | ess
‘ =] 1] Na:5:0 | Sodhum Meabisifite | MasS:0u{100) s
il @ a0 | Sodum Hemersprospizre | 1R0(100) | ancscall
| B B Nl | S e |t (281 s
=] @ NaOC | Sodum thypechiorie namn oiced
B ] NaOH | Sodum syeronice | nace () Eard
—
|

Sulk Concentration | 100.0] 55

Bukc Density: 28980 ka/l
Bulk Price: | 187
Displayed as: | FeCl, (100 %)

Visibiity
[] Hde frem dropdowms.

[T Aaays show in aperating costs

s[es)

l_J\_\ iF

Figure 15. Click on add chemical

2. Click on the “Chemical” dropdown arrow and select from the different categories ‘Antiscalant’, ‘Organic Acid’,
‘Coagulant’ and ‘Oxidant’ are generic categories while the rest of the categories refer to specific substances.

Page 19 of 226

Q' H

» | Untitled Project - Case 1

= 8 =

BEEE convguraton

w.u Ch-rd

User Settings

© 06 .0@0@

Feed Setup  Report

Prmct Currency Op!ntng

Help

Z WAVE Answer Center | Quick Help @)

e

Untitled | wigefrom  AlwaysShowin Symbol Name Displayed As Category Bulk g~ Chemical gl
Welcome. To{ Drop-dewn  Operating Cost
1. Specify et  Selections st Definition
iﬁ..w. E CHO- | Cric Acd Ciric Aca(100) | Organic Acd Chemical :Mt i
Ll s Felly Ferric Chioide | FeCi(100) Coagulan: Hame: | Organsc Acid
] Il S0, | SufuricAcd | H:S50,(98) Acd Symbel: m
g q @ wa sycochioric A Wol(32) = Catagory: | Femic Chloride
3 Sulfuric Asid
..... @l Nax00; | Sodum Carborate a0, (15) Base Bl Hydrochloric Add
§ B ¥ MNaiS:0y | Sodum metabisulfite Ne:5:04(100) Suas ms"d"' m&wm
Buk Densty’ | o im heametaphosphate
» 3] i NaPeis imwm KacPi0{100) | Ancecalant P v
| pricns | Sl
i ] N0 | Sodum Chorde Nadl (26) sax 22 ‘:d"°'°°
L @ eon | t ) Displayed As: | Oxalic Acid
a el MeOH | Sodum Hydrode | NaOH (50) Base visibility
B S0, |M:.s\dd Cralc ACE(100] Organc Acd [] rede From DropDewns
[ Always Show In Opacating Costs
Design § | Add Chemical
— e Cow |
|

WAVE Chemical Library

Figure 16. Selection of a chemical category
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3. Fill out information on the Chemical as shown in and click “Add Chemical”.

@ | b » | Untitisd Project - Case 1 =)
Fik v | Configuration User Settings Feed Sstup Report Help 5 WAVE Answer Center ) Quick Help
o L=
O 0O O Q0 © ¢« &
User Water Chemical Project Currency  Operating Pumps Enablef Backup Restore
Info Library Library Info Costs Dissble log  Datal Database
Program Sattings. Project Settings Application Settings
Home. || wave Cnemscl Lirory [
ol
W : = : -
P pore e DN R o oo 2
=4 Selection: Nist. |
B ] cHO, |Cuichd im»sqm)- g f -
B ] FeCl | Fermic Ciloride | Fech{1on) Soag
] W HS0.  |sufirc acd | Hsodss) asd Chemial Symbol: (Fed;
E ] ¥ WO |Hydrochianic Acd w32} s —T
f ) 3l nd Myl ded :m(m il Bulk : mou:' “ 2 hal
» ] MO0y | Sodum Carbonstz | Naz00: fra—
1 L o ] = [ Buk Densty: 2,8980 | kgl
V! Na:5:0p | Sodum Mesabisufite | a5 SMES — \ f
‘ 8 ® + ) Bulk Price: | 167 s L -
(] [F] POy | Sodum Hermmerprosphate | MaPi0u{(100) | Antsaal m :
i 3 100 %) =
| =] B fucl | Siahiais ek sl (26) sl Displayed as: | Fedl (100 %)
B [ NaOC | Sodium Hypochloriz | Mm0ctri2) ot visibility
& 5} MOH | Sodum s ) sand 1 e i dacpdcnne o¢
[T Aaays show in aperating costs
»
|

Figure 17. Specification of a new chemical

Notes:

US currency) in the ‘Operating Costs’ window.

calculations in the “Add Chemical” window

added chemicals.
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By default, WAVE uses chemical prices of $/kg. Users can also specify prices in $/lb, $/L and $/gal (when using

The user can specify whether the chemical should be shown in dropdown lists and if it is to be included in cost

Added Chemicals can be removed from the Library by clicking on the red circles which appear next to the
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1.5 Operating Costs

To calculate operating costs in WAVE, water purchase, wastewater disposal and electricity rates can be specified in the
‘Operating Costs’ window. The steps involved are:

1. Click on “User Settings” in the top rib

° | |l » | Untitled Project - Case 1

bon

= | B st

|

Info
Program Settings

User Settings

Project

Feed Setup Report Help

O 00 O «

Curency Opersing  Pumps Enablef/  Backup
Costs Dissble Log  Database

Application Settings

5 WAVE Answer Cenber

e @

Apply
License

1) Quick Help

Project Settings License Key Settings

Home | Feed Water | Uttrafiltration | Reverse Osmosis | I MB Polish | Summary Repert |

Untitled Project - Case 1
Welcome! To get startad on your new project:
1.5pecify the feed flowrate or product flowrate,

¥ ARN PIND

Water Typet

2.5elect the technaiogies by dragging and dropping the corresponding process icons between the twa blue amoms.
3.5elect = water type from the dropdown list for UF, RO or ROSC.

Technologies
# | Pre-treatment

U s

# | Bulk Demineralization

000

# | Polishing

@

| Split and Mix Points

Figure 18. Selection of User Settings to specify Operating Costs

2. Click on “Operating Costs”

@' H

w | Untitled Project - Case 1

— = =
- Configuration User Settings Feed Satup Report Help 7 WAVE Answer Center 1) Quick Help
g 7S
0 06O 09|00 & &
User Water  Chemical Project  Curency | Operating | Pumps Enable/  Backup Restore Apply
Info Library Library Info Dissblelog Datsbase  Database License

Program Seftings

Project [zt Application Settings License Key Settings

Feed Water | Ultrsfiltration | Reverse Osmosis | ¢ MB Polish | Summary Report |

‘Stream Definition

Feed Water - River - Mean Europe

Total Dissolved Solids : 182.37 mg/L
Total Dissolved Solutes: 179,600.21 mg/L
Total ppm CaCOy: 11466

SIE= L Feed Parameters Solid Content.
& Temperature
Water Type:
— e [am o ([0 Je[ 50 Je[ ® Je
Water Sub-type: Minie Desit Maziem
Toral Suspended Solid : - L e =5 i
i T
o o [
E Organic Coment Addrionz| Feedwater
§ Organies (TOC): | 0,00 | mafL
»
Cations Anions Neutrals
Symbol mag/L ppm CaCO, meg/L Symbol ma/L ppm CaCo, meq/L Symibol mag/L
NHs 0.00 0.00 0.00 COy Q.09 0.14 0.00 Si0; ‘ 7.50
K .70 2.18 0.04 HCO: 93.61 7677 1.53 B ‘ 0.00
Na 5.40 11.75 0.23 RO 3.70 259 0.06 €O ‘ 9.78
mg 5.60 23.06 0.45 cl ©.90 9.74 0.19
Ca 31.10 7767 1.55 F 0.00 0.00 0.00
Sr 0.00 0.00 0.00 S0, 24.00 25.01 0.50
Ba 0.00 0.00 0.00
Total Cations: 43.80 114.66 213 Total Anions: 128.29 114.65 219 Total Neutrals: 17.28

Charge Balance: -0.000001 meg/L Estimated Conductivity: 242.46 pSiem

Figure 19.
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Selection of the Operating Costs window
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3. Specify operating cost values and, if necessary, make them default values

4. Click "Save”.

|l=2|B3| =/ )

18 Quick Help

@ | | » | Untitled Project - Case 1
- Configuration User Settings Feed Setup Report Help S WAVE Answer Center
= JE
& g @B
User Water  Chemical Project  Curency | Operating | Pumps Ensble/  Backup  Restore Apply
Tnfo Library Library Info Costs Disable Log Database  Database License
Program Settings Project et Application Settings License Key Settings
Home | Feed Water || Project Operating Costs
i Costs.
:;"E"‘t'tl‘e_‘rj Py Note:The i fon on this screen is i
i icome! m: g;; Raw Water: 01078 | &me and the only chemicals shown are those that have been
sl selected for this project
ST Waste Water Disposal | 0.5313 | &/m?
Elecricity: | 0.0693 | €/kwh
e Make These Costs the New Defauit ]
&
= Chemical
g
» Symbol  Name Category  Bulk Concentration Bulk Density Bulk Price Cost Type
% ka/L £
Hel Hydroehloric Acid Acd 3200
HiS0, Sulfuric Acid Acid 5800
NaCH Sodium Hydroxide Basz 0.00
Naocl Sodium Hypochlorite xidant 12.00
‘Water Typg NagPeliu Sodium Hexzmetaphosphate Antisealant 100.00
S NaS:0s Sodium Metbisulfite Dechlarinator 100.00
[ 12k These Chemical prices the New Defauit

Figure 20. Specification of Operating Costs.

Note: The information on this screen is project specific and the only chemicals shown are those that have been
selected within this project
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1.6 Pump Efficiencies

Mechanical and electrical efficiencies of the pumps and compressors used for UF, RO and IX can be specified in WAVE.
This is done as follows:

1. Click on “User Settings” in the top ribbon

. | |l » | Untitled Project - Case 1

= | B st

User Settings Feed Setup Report Help

® O © 0 © & £

User Water  Chemical Project  Cumency Operaing  Pumps Enable/  Backup  Restore
Info Library Library Info Costs

DissbleLog Database  Database

Program Settings Project Settings Application Settings

¥ ARN PIND

Home | Feed Water | Ultrafiltration | Reverse Osmosis | IX MB Polish | Summary Report |

= WAVE Answer Center 1) Quick Help

Apply
License
License Key Settings

Untitled Project - Case 1

Welcome! To get startad on your new project:

1.5pecify the feed flowrate or product flowrate,

25elect the technologies by dragging and dropping the comesponding process icons between the twa blus amows,
3.Select 2 water type from the drapdown list for UF, RO or ROSC.

Water Typet

Technologies
_~ ) Pre-treatment

A

000

# | Polishing

@

| Split and Mix Points

2. Click on “Pumps”
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@ | | » | Untitled Project - Case 1

¥ ABNPIND

Filt v

Figure 21. Selection of User Settings to specify Pump Efficiencies

Report Help

© O € olo ¢ &

User Water  Chemical Project  Cumency Operating | Pumps Enable/  Backup  Restore
Info Library Library Info Costs

Dissblelog Datshase  Datsbase
Application Settings

Program Settings Project Settings

Home | Fesd Water | Ultrafiltration | Reverse Osmosis | D MB Polish | Summary Report |

Apply
License
License Key Settings

Untitled Project - Case 1

‘Welcome! To get started on your new project:

1.5pecify the feed flowrate or product flowrate,

2.5elect the technologies by dragging and dropping the corresponding process icons betwaan the two blue armoms.
3.Select 2 water type from the dropdown list for UF, RO or ROSC.

Water Type:

Technalogies
|~ | Pre-treatment

0O

» | Bulk Demineralization

000

~ | Polishing

Q@

) Split and Mix Doints

@

Figure 22. Selection of the Pumps window
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3. Specify efficiency values and, if necessary, make them default values

4. Click "Save”.
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.
@ | 4 » | Untitled Project - Casc 1 l=l=] = |
Filc v Configuration User Settings Feed Setup Report Help 5 WAVE Answer Center | g} Quick Help
: &7 @
= =
User Water  Chemical Project  Cumency Operating [| Pumps Ensble/  Backup  Restore Apaly
Info Ubrary  Library Info Costs Dissblelog Database  Database License
Program Settings Project Settings Application Settings License Key Settings
Home | Feed Water | Ultrafiltration [l Pumps
Untitled Project - Case|
Welcome! To get started on your ned — S
1. Specify the feed florats or produ Tertrroms P P Motor il
2 Select the technologies by draggin: bk Efficiency Efficiency ot
Akt s Ry il g (3 Feed 0.5 092 0782 “|
UF Backwash 0.80 0.92 0.736
i3 0.80 052 0738
g: UF Air Compressor .50 0.92 0.460 @
= o
g R uF Mevering 0.80 092 0738
’ /-_> RO Feed = 27.58 bar 84 0.95 0.738
Feed Water -mu | =
4 "o Feed < 27,58 bar 084 095 0.738
4 lix Points
RO Booster .84 0.95 0.798
RO Marering .84 0.95 0.798
jrs Feed 0.80 0.92 0.738
™ Backwash 0.80 0.92 0.736
Water Types
jid Regeneraton 0.80 0.92 0.738
[=—————— p— = — —
| m ] >
[ Miake Thess Pump Efficiences the New Defauit Save and Clase.

Figure 23. Specification of Pump Efficiencies
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1.7 Units of Measure
The WAVE user can switch between different units of measure. The steps are:

1. Click on “Configuration” in the top ribbon
= [ = g

@ | | » | Untitled Project - Case 1
"= WAVE Answer Center Quick Help

User Settings Feed Setup Report: Help

Configuration

UF TOC Rejection

Add Case | | [==Add ©

Manage Adjust RO TOC Rejection

Cases ‘Water Chemistry Adjustments RO Special Features |~ UF Special Features

Home | Feed Water | Ultrafiltration | Reverse Gsmesis | Ix MB Polish | Summary Report |

Untitled Project - Case 1 '77*5.5\—

Welcome! To get startad on your new praject:
1.5pecy the feed flowrate or product flowrate, ) Pre-treatment

2:Selec the technolagies by dragging and drsping the corresponding process icons betwesn the two blue smows.
3 Select 2 water typs from the dropdawn list for UF, RE or ROSC. @ @ @

» | Bulk Demineralization

000

| Trace Contaminants Removal

00

~ Polishing

WO

~ ) Split and Mix Points

‘Water Type! G

i AeN PIND

(o]

7 Fecd viorer TR

Figure 24. Selection of Configuration to specify Units of Measure

2. Switch units as needed by clicking on the radio buttons
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3. Click onthe "More” button at the bottom right corner of the box to expand the list of units

@ ld » | Untitled Project - Case (=& =
File Configuration sei 6 Quick Help

¥ AN PING

Home | Feed Water | Ultrafiltration | Re

Untitled Project - Case 1
Welcome! To get started on your new o
1.5pacy the feed flowrate or product fi
2.:Select the technologies by dragging a
3.Selact 2 water typs from the d

Prassure:

Temperature:

Flux

Area:

Concentration (gases):

Conductivity

Density:
Length;

Power:
Specific Velocity:

Volume (solution);
Volume [resin):

Volume {common):
Regeneration Dose:
Linear Velocity:
Weight:

Gas Flow:

Organics:

Make These Units the New Default

Units

Metric
@i
O ma

I s
@ bar
O kpa
@
B LMH
@ me
@ patm
@ pSem

majem

@ g/em*
Dem

@ mm

@ kW

@ Bvin

oL

8 m*

oL

@ m*

@ By

®gn

© msh

@kg

@

@ mg/L TOC
© mg/L KMnOs

[ ok

lg WAVE Answer Center

Iechnologres

~ | Pre-treatment

U

| Bulk Demincralization

000

~ | Polishing

&

~ ) Split and Mix Points

4. Select the appropriate units and click “OK”".

Notes:

Figure 25. Selection of Configuration to specify Units of Measure

« Users can make the selection the new default by clicking on "Make These Units the New Default”

« Users can switch between US and Sl units by clicking on the radio buttons at the top
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1.8 Specifying the System Feed and Product Flows

Feed and product water flowrates can be specified using the text boxes in the middle of the blue arrows

Q' H

Filc ¥+

o

w | Untitled Project - Case 1

Lo | @ o

Configuration User Settings

® 0O

Water  Chemical Project
Library Library Info
Program Seftings

Home | Fasd Water | Ukrafiltration | Reverse Osmosis | ¢ M8 Polish | Summary Report |

:
& = ?
Backup Restore

Dissblelog Datshase  Datshase

Application Settings

'Z WAVE Answer Canter | (ig} Quick Help

apaly
License

License Key Seftings

Untitled Project - Case 1
Welcome! To get started on your new project:
1.5pecify the feed flowrate or product flowrate,
2.5elect the technologies by dragging and dropping the comesponding process icons batwasn the two blus smows,
3.5elect 2 water type from the dropdown list for UF, RO or ROSC.

¥ neNpD

.

Feed Water | 1uu

Water Type:

Technologies

jies
A | Pre-treatment
# | Bulk Demineralization

Q00

. | Trace Contaminants Removal

Figure 26. Specification of feed flowrate in a system design

First, Feed or Permeate flow option should be selected using the radio button in the upper part of the arrow, later the

flowrate can be specified.

Notes:

Page 27 of 226

WAVE would display a warning if the Feed or Product flowrates are specified as O or a negative number.

Given a feed water flowrate, WAVE would calculate a product flowrate based on a default recovery. Given a
product water flowrate, WAVE would calculate a feed flowrate based on a default recovery.
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o Users can define a preliminary recovery for each icon and thus define either the feed flowrate and recovery or
product flowrate and recovery (as shown in Figure 27).

. .
@ | ld » | Untitled Project - Case 1 L= o -
Filc ¥ Configuration User Settings Feed Sstup Report Help = WAVE Answer Center Quick Help
L= g -]

9 O OO0 © « &

Wiaker Dm]ed Currency opmung Pumps Enable/  Backup  Restore Apply

Library ubcary Dissblelog Datsbase  Database License

Program Settings Project Settings Application Settings License Key Settings

Home | Feed Water | Ultrafiltration | Reverse @smesis | Ix MB Polish | Summary Report |

Untitled Project - Case 1 -
‘Welcome! To get started on your new project: Technologies
1.5pecify the feed flowrate or product flowrate, y

2.5elact the technologies by dragging and dropping the comespending process icons betwesn the two blus smows, o/ P mroatmant

3.5alect = water type from the dropdown list for UF, RO or ROSC, @ @

# | Bulk Demineralization

Q00

) Polishing

e

~ | Split and Mix Points

¥ AN PIND

Configure

Define Recovery

Delete

Figure 27. Specification of preliminary recovery

« Detailed system design with a user defined recovery is currently only possible for RO and ROSC. For other
technologies recovery is known only after all the calculations are completed.

« WAVE does not allow simultaneous specification of the feed and product flowrates.

1.9 pH Adjustment of the Final Product

This involves adjustment of the pH of the Permeate. This feature, as described in SectionT, is available to all three
technologies (UF, RO, IX). The steps are as follows (Figure 28):

1. Click on the Home Tab if you are in a different Tab or Window.
2. On the Configuration Ribbon, in the Water Chemistry Adjustments section, click on “"Adjust Final pH”.

3. Click on the “pH” button.
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4. Specify the pH of interest then click “OK”.

Notes:

(@ | 14 » |ROSWEL-CaseFirst

Welcome. To get started on your new projact:
1. Specy either your water inputs or desired output
the tool palette

2. Add
3. Mouse over items for help and hints

[ | [Lx ]

Configuration User Settings Feed Setup Report Help ) WAVE Answer Center | g} Quick Help
Flow: O gom @ m'/h R I z
© god 6 o Add Case | == Compaction
Pressure: ) @ bar
Temperature: (j ?:‘ @ -c Manage | | A Adjust Final pH RO TOC Rejection
i Fuc O gft @ LMK I
Units Cases Water Chemistry Adjustments = RO Special Features = UF Special Features
Home | Feed Water | Reverse Osmosis | summary Report | ol i = |
RO SW Ex 1 - Case First ApH

o0

Ll

¥ ARN YIND

T —

Product water EEEEI i gk N
(2 Polishing

~ Split and Mix Points

f Design Guidekines Based On: .o l

B

=

Figure 28. Specification of RO/NF/ROSC System Pass Feed pH Adjustment

« In WAVE, pH adjustment can be deactivated by choosing “pH” button a second time. The green dots would turn

gray.

« In WAVE, pH specifications are limited to between 0 and 14.

« The list of chemicals used for pH adjustment is defined by the user as described in Section 1.

« WAVE allows the simultaneous selection of “pH” without an intermediate degasification step. Thus the useris
urged to review the pH adjustment selections carefully.
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2 Specifying the Feed Water Composition

2.1 Defining the type of water

The Water Types and Subtypes used in WAVE are shown in the WAVE Water Types and Subtypes visible in UF. below. As
WAVE is a3 multi-technology platform, the same Water Types would be used for the UF, RO and IX. The Subtypes may be
named differently depending on the technology.

2.2 Specifying Water Types and Subtypes

The Water Types and Subtypes are used in WAVE to determine design guidelines. These water types and subtypes are
dependent on technology. In WAVE, there are two locations to specify Water Types.

3 -
© | | » | Untitled Project - Case 1 l=le =
e Configuration User Sattings Feed Satup Report Halp E WAVE Angwer Center | I Quick Help
Add Solutes Adjust Sohutes
|l 5ave To water Ubrary | Adjust Add Sod 4d Chioride | | |Adjust Cati Adjust AN 1 o] |mgit hact
* Open Water Library
‘Water Library . Charge Balance Adyustmant Quick Entry
[ Horme | Fed Water | Summary Report |
Struar Cwfintion Feed Water - Stream 1
semnt [10020] % Feed Parameters Scbid Contert
2d e Vistes Type: St
= om0 w100 Jee[ 30 e[ w0 |
Co ) rsweisoarss (G5 Jon [0 Towe e

S0Ly: PH BT BH B25.0°C: | 7.00

Organic Content. Additional Feed Water Information
ovaanes (10€) [ 000 | malt l l

¥ KRN PIND

Cations Anions Neutrals

Symbel maL ppm CaCo, meal | Symbol mgiL pom Caco, meq/L | |s,mw |

[NH, 0000 | oo 0.000 0: | oo nooo | ooon | |50 0.000

K 0.000 0.000 0.000 HEO 0.000 0.000 0.000 8 0.000
Na 000 2,000 000 | NGy 000 2.000 000 (D 0.000
Mg 000 000 000 d 000 000 000

) 000 000 000 | F 000 1000 |

[se 000 3,000 000 | (50 000 .00 500

B 2.000 0.000 0.000

Total Cations: 0.000 0.000 Total Anions: 0.000 0.000 Total Neutrals: 0.000
Total Dissolved Solutes: 0.000 mpL. Charge Balance: 0000000 meqiL Estimated Conductivity: 0.00 pSicm
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2.2.1 Specifying the Water Type in the Home Tab

The steps needed to specify the water Type in the Home Tab are given below and shown in Figure 29:
1. Select the "Home" tab
2. Select the appropriate Water Type from the dropdown menu.

3. Select the “Feed Water” Tab

T » | UF Exemple 2 Surface Wiaie: - E=TRal™ "

User Settings Feed Setup Report Help = WAVE Answer Center 9 Quick Help

Add Case | | |=f= Add Chemicais/Degas Compaction UF TOC Rejection

Manage | | A Adjust Final pH RO TOC Rejection

Cases | Water Chemistry Adjustments | RO Special Features |~ UF Special Features
| Sumemary Report |

UF Example 2 - Surface Water -
Welcome. To get startad on your new project:
1. Specify either your water inputs or desired output

Figure 29. Choosing the Feed Water Type in the Home Tab in WAVE
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2.2.2 Specifying the Water Type and Subtype in the Feed Water Tab

The steps needed to specify the water Type in the Feed Water Tab are given below.
1. Select the “Feed Water” tab
2. Select the appropriate Water Type from the dropdown menu.

3. Select the appropriate Water Subtype from the dropdown menu

'@ k| Untitied Project - Case 1 o)
B2 Configuration Usersettings | FeedSetup | Report  Help 5 WAVE Answer Canter | Quick Halp
Add Sclutes Adjust Solutes
ke Save To Water Ubrary | Addiust A - A A " A T | 0| | ma/L Naci
* Open Water Library
Water Library : Charge Balance Adyustmant Quick Entry

Seream Defintion &
semnt [10020] % F::dh‘r'::m‘f: o Scbid Contert
— || v —
- om0 w100 Jee[ 30 e[ w0 |
e T m A

Dyt BH 225.0°C: sHesec | 7.0

Organic Content Addzional Feed Water Infoemation
Organies [TOC): @ mall [

¥ ARNPIND

Cations Anions Neutrals
Symbol mgL pem Cal0, meg/L Symbol ma/L ppm CacO, megL | |Symbd mgil

[NH, 0000 | 0.000 0.000 0: | o000 noon | oo | |50 |___nooa

K o000 | 0.00 0.000 HCO: | o000 o000 | om0 | |8 | oo
Na 29 200 0.000 Ny 0.000 0.000 | 1o | 0000
Mg 20 000 [ d 0.000 0.000 000

[ o001 0 boen | F N T | 05

[5r 000 | 500 0.000 50, | o000 0000 | 0%

Es 2.000 0.000 0.000 |

Total Cations: 0.000 0.000 Total Anions: 0.000 0.000 Total Neutrals: 0.000
Total Dissolved Solutes: 0.000 mg/L Charge Balance: 0000000 meqiL Estimated Conductivity: 0.00 pSicm

Figure 30. Choosing the Feed Water Type and Subtype in the Feed Water Tab in WAVE

Notes:
o There isonly one location to select Water subtypes in WAVE: the Feed Water Tab.

« In WAVE, the water type selected in the Home Tab is reflected in the Feed Water Tab. A Water Subtype (one
suggesting the most conservative design) is picked by WAVE by default. The user can change the water subtype
in the Feed Water Tab.

o Changing the Water Type in the Feed Water Tab would also automatically change the Water Type in the Home
Tab. However, changing the Water Type in the Feed Water Tab would not change the Water Subtype in the
same Tab.

« WAVE would allow the user to proceed to the Feed Water tab without selecting a water type for RO and ROSC. It
would not allow this for UF

o The choice of a water profile from the Water Profile Library does not necessarily correlate to the choice of an
appropriate design guideline. For instance, one can select a Seawater Profile from the Library but, after the
Water Profile is copied to the Feed Water Tab, the design guidelines do not change to Seawater guidelines
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Specifying the Water Type and Subtype for Ultrafiltration

For UF, the NTU Turbidity and TSS are key differentiators.

Table 1. WAVE Water Types and Subtypes visible in UF.

Source Water Turbidity (NTU) TSS (mg/L)
Well Water <2 <5
Softened / Municipal Water <2 <5
Surface Waters <2 <5
<5 <10
5-15 <20
15-50 <30
50-75 <50
Seawater <5 <5
<10 <20
<20 <40
Wastewater (Industrial, Secondary, Tertiary Effluent) <3 <5
<5 <10
5-10 <20
10-20 <30
<30 <40

Notes:

o RO permeate is not included as a Water Type because it is considered unlikely that RO permeate would need

UF treatment.

o Depending on the values introduced in the water characterization, WAVE already gives the water subtype

recommended.
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Defining RO/ROSC Design Guidelines, Water Types and Subtypes

DuPont Water Solutions provides design guidelines based on the element selected and the type of water fed to the
RO/ROSC system. These guidelines apply to:

o« Recommended recovery for each element

o Maximum feed flow to each element

o Maximum permeate flow from each element

o Minimum concentrate flow from each element
These guideline values are aligned with specific feed water types; thus a choice of feed water type is effectively a
choice of which guideline to use.

The Water Types and Subtypes used in WAVE are shown in the Table 1below. For RO/NF/ROSC, the SDI (silt deposition
index) is a key differentiator.

Table 2. WAVE Water Types and Subtypes visible in RO/NF/ROSC.

Source Water Subtype

RO/NF Permeate SDI <1

Softened With DUPONT™ UF, SDI < 2.5
SDI<3

Municipal With DUPONT™ UF, SDI < 2.5
SDI<3
SDI<5

Well water With DUPONT™ UF, SDI <25
SDI<3

Surface Water With DUPONT™ UF, SDI <25
SDI<3
SDI<5

Seawater With DUPONT™ UF, SDI < 2.5

With membrane pretreatment, SDI<3

With conventional pretreatment, SDI<5
Wastewater With DUPONT™ UF, SDI <25

With membrane pretreatment, SDI<3

With conventional pretreatment, SDI<5

2.3 Defining the Feed Water Composition for UF

There are three ways to specify water compositions in WAVE for UF.

WAVE does not require a complete feed water composition to model UF. However, there are a few points to keep in
mind:

o If noions are specified in the feed water composition, WAVE would ask for mineral acid and alkali doses for CEB
and CIP in mg/L. However, if the composition of even a few ions are specified, WAVE would request mineral
acid and alkali doses in terms of target pH values.

o If there are RO or IX processes downstream of the UF process, then WAVE would ask for a charge-balanced feed
water composition.

Form No. 45-D01378-en, Rev. 5

Page 34 of 226 January 2020



2.3.1 Specification of Feed Water for UF design

The amount of each component can be specified as shown below.
The suggested order is:

1. From the Feed Water tab, select the water type.
2.

Enter the temperature values and pH.

Adjust the pH value using “Adjust pH™ button

Enter the solid content properties (NTU, TSS, SDI) and the organic content (TOC).

» | Multi-Tech Example 2 - UF + RO + IXMB - Surface Water - Case 1: Without Degasifier

FG'H

m@g

Filc + Configuration User Settings Feed Setup Report Help 5 WAVE Answer Center 18 Quick Help
Add Solutes Adjust Solutes
| Save To Water Library  Adjust pH Add Sodium | |Ac Chiorid= | | |Adjust Cations | Adjust Anions | Adust All Tons | | | 0] [ma/LNact
% Open Water Library Add Calcium | | Add Adjust botal CO4/HCO4/CO;
Water Library Add Ammenia Charge Balance Adjustment Quick Entry
Faa:lWats W Raverse Osmasis | I MB Polish | Summary Report |
Strezm Definition Feed Water - Stream 1
Zr=i 1‘"’ o] % Feed Parameters Solid Contant
Temparature
Water Typs:
— Seto = i oo o[ Je[ =0 e
Suggested Sub-type: _ ~
NTU = 15, T55 < 20 Total Suspended Solids (T35). RS e R
* Supgestion based on usar Turbidity
and TS5 input, The selectad Water DLt BH @15.0°C: oH B25.0°C:
e Sub-type determines the Design
g Guideling to be used. Organic Cantent Additional Feed Water Infarmation
z Vister Sub-type: Organics {TOC): malL
< INTU = 15, TS5 < 20 -
» 3
5,
NTU = 50, TS5 = 30
Cations MTU < 75, TS5 < 5 s Neutrals
NTU 2 75, TSS = 50
o[ [symbet mg/L ppm GaCO, meg/L Symbol ML ppm CaCO; meqiL Symbol ML
H 0.000 0.000 0.000 co, 0.086 0.143 0.003 sio. | 7500
K 1700 2176 0.043 HED, 53.605 76771 1534 8 | o.000
Ha 5.400 11755 0.235 NO= 3.700 2.386 0.050 co: | a7
g 5.600 X 0.461 d 5.500 9.720 0,155
M= 31100 77666 1552 F 0.000 0.000 0.000
E3 0.000 0.000 0.000 0. 24.000 25008 0.500
B 0.000 0.000 0.000
Total Cations:  43.800 114.657 2.291 Total Anians: 128291 114,645 2.291 Total Neutralss 17,274
Total Dissolved Solids : 179.600 mg/L. . »
Total Dissolvad Solutes: 163.271 mgiL Charge Balance: -0.000001 meq/L Estimated Gonductivity: 242.46 uSicm
Total ppm CaCOy: 114657

Figure 31. Entry of UF specific feed composition

Notes:
o  WAVE limits the minimum temperature to 1°C and the maximum temperature in the Feed Water temperature
entry fields to 40°C for UF.
o WAVE does not have a correlation between the Turbidity, SDI and Total Suspended Solids (TSS) fields. The user is

expected to putin the correct values for each field.
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2.3.2 Quick Entry of NaCl concentration only

To enter a feed water stream containing only Na and Cl, the Quick Entry methods described below should be followed.

1. Inthe 'Feed setup’tab put an appropriate value of Total Dissolved Solids in the “mg/L NaCl" field

2. Click on the “mg/L NaCl” button. This populates Na and Cl entries

['s
@ | I » | Multi-Tech Example 2 - UF + RO + I¥MB - Surface Water - Case 1: Without Degasifier

P

e
Filc v Configuration User Settings Feed Setup Report Help

= WAVE Answer Center

6 uick Help

Suggested Sub-type:

* Suggestion based on user Turbidity

NTU < 15, T55 < 20 Total Suspended Salids (TS5} —

Add Solutes Adjust Salutes
| Save To Water Library  Adjust pH Add Sodium | 424 Adjust Cations | Adjust Anions | Adjust »
7 Open Water Library Add Caldum || Ac Ei Dy/00:
Wiater Library Add Ammonia Charge Balance Adjustment Quick Entry L\)
Fe=d Water | Ultrafiltration | Reverse Osmesis | DX ME Polish | Summary Report |

Stream Defnition Feed Water - Stream 1

Swreami [ 100.00) % Faed Paramaters Solid Contant

T E— . Temperature.

Water Type:

Minimum Design

o e T

aximum

Total Dissolved Solids : 2,000.002 mg/L
Total Dissolved Solutes: 2,000.002 mg/L Charge Balance: -0.000036 meq/L
Total ppm CaCOy: 1,712.576

and TS5 ingur, The sslectad Wazer soLs [ 0.0 oH @15.0°C: oH @250
° Sub-type determines the Design
e Guideline to be ussd. Organic Content 2dditional Feed Wizter Informasion
~ Wi "
z Water Sub-typei Organics (TOCH mall
5
»
Cations Anions Neutrals
Symbol mo/L pem CaC0, meq/L Symbal ma/l ppm CaCO, =il B molL
NHs 0.000 0.000 0.000 €0,y 0.000 0.000 0.000 Si0; | 0.000
K 0.000 0.000 0.000 HCOs 0.000 0.000 0.000 ] | 0.000
Wa 785,745 1,712,576 34,222 NO: 0.000 0.000 0.000 CO; | 0.000
kg 0.000 0.000 0.000 cl 1,213.251 1.712.576 34.222
Ca 0.000 0.000 0.000 F 0.000 0.000 0.000
Sr 0.000 0.000 0.000 50, 0.000 0.000 0.000
Bz 0.000 0.000 0.000
Total Cations: 786.749 1,712.576 34222 Total Anions: 1.213.251 1712576 34.222 Total Neutrals: 0.000

Estimated Conductivity: 2,871 08 pSicm

Figure 32. Quick entry of NaCl composition

Notes:

o The water composition entered through the Quick Entry method is always charge balanced.

o Using the Quick Entry method immediately clears the Cations, Anions and Neutrals tables.

o In WAVE, one can clear all the cells by putting in “0 mg/L" in the Quick Entry field.
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2.3.3 Detailed lonic Content

The amount of each dissolved component can be specified.. The suggested order is:

1. From the Feed Water tab, select the water type.

2. Enterthe solid content properties (NTU, TSS, SDI) and the organic content (TOC).

3. Enterthe temperature values and pH.

4. Enterthe cations, anions and neutrals.

Notes:

-
@ | I » | Multi-Tech Example 2 - UF + RO + IXMB - Surface Water - Case 1: Without Degasifier

PFT=CS)

Filt v Configuration User Settings Feed Setup Report Help 2 WAVE Answer Center | (i@ Quick Help
Add Solutes Adjust Solutes
| Save To Water Library  Adjust pH Acd Sodium | |add Chloride | | |Adjust Cations | Adjust Aniens | | Adjust Al lons | | | 0] /gyl Nac
% Open Water Library Add Calgum | | Add Adjust total CO2/HCO/C0y
H Water Library Add Ammonia Charge Balance Adjustment Quick Entry
Fe=d Water | Ultrafiltration | Reverse Osmosis | Ix MB Polish | Summary Report | b

Stream Cefinition Feed Water - Stream 1
Stream 1 % Feed Parameters solid Content
T Vister Typer Temperature

Surface Water =

Suggested Sub-typet
NTU < 15, TSS < 20

rusie, (T Ng [ e 5 Jo[ = Je
Total Suspended Solids (T55): 3 Minimum Design Mazimum

* Suggestion basad on user Turbidity

Total Dissolved Solids : 175.600 mg/L.
M} Total Dissolved Solutes: 193.371 mg/L
Total ppm CaCOs: 114.657

Charge Balance: -0.000001 meg/L Estimated Conductivity: 243 46 pSlcm

d and T5S ingut, The selected Water SOl [ 000 [ PHEIS0C [ 720 |sHemo | 71 ]]
o Sub-type decarmines the Design
& Guideline to be used. Organic Ganant Addition| Fed Vizter Infarmasion
z Vizter Sub-type: Organics [TOCK ma/L
g
»
Cations ‘Anians Netrals
Symbol mg/L ppm Caco, meq/L symbal mg/L ppm CACO, meqiL Symbol marL
e 2000 0.000 0.000 cos 0.085 0143 0003 si0; | 7500
K 1700 2178 0.043 HCO: 53605 76771 1534 B | oo
i 5.400 11755 0235 W05 3.700 2988 0060 co: | o
g 5.600 .061 0.461 d 6500 5,740 0155
B 31100 77566 155 F 0.000 0.000 0.000
H E G000 0.000 0600 EN 34000 5008 0.500
B 2,000 0.000 0.000
Total Cations:  43.800 114657 2291 Tatal Anions: 128291 114645 2291 Total Neutrals:  17.274

Figure 33. Detailed entry of the ionic feed composition

o WAVE limits the minimum temperature to 0°C and the maximum temperature to 100°C. Warnings will be
generated in the Feed Water temperature entry fields based on the water treatment options that were selected.

« Populating the HCO3/CO3 field automatically populates the HCO3/C0O3/CO2 fields.

o The definition of TDS depends on the water treatment option. In RO, TDS refers to “Total Dissolved Solids” and
excludes dissolved CO2. In the IX modules, TDS refers to “Total Dissolved Solutes” and includes dissolved CO2.
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2.4 pH Specification

In WAVE, pH is defined as -log,, of the H* concentration (in mol/L). For a solution of fixed composition, the H*
concentration and thus the pH will be a function of the temperature due to the temperature dependence of
equilibrium constants. As an example, the ionization constant of water is a function of temperature, with pK values of
14.94,14.00, and 13.26 at 0, 25, and 50 °C, respectively. This implies that the pH of pure water is 7.47,7.00, and 6.63 at O, 25,
and 50 °C, respectively. The equilibrium constants for carbonate alkalinity reactions

(H,CO; & HCO5 + H* & CO5% + 2H*)

and ammonia reactions

(NH3 + H* & NH4+)
are also functions of temperature. Thus the concentrations of all of these species will be a function of pH and
temperature.

In WAVE, when pH is given as an input, it is assumed that this corresponds to the H* concentration at the design
temperature. If the solution is charge balanced by adding solutes or adjusting solutes, the H" concentration at the design
temperature is fixed. Only if the solution is charged balanced by adjusting pH will the H" concentration at the design
temperature vary. After a solution is charge balanced, WAVE displays on the feed water screen the pH at both the
design temperature and at a standard temperature of 25 °C.

Once you have a charge balanced solution at the design temperature, if 3 computation is run at a different temperature
then WAVE will automatically determine the correct pH for that temperature and adjust the water chemistry
appropriately. This occurs when the user selects a computation temperature on the RO screen or the summary screen
other than the design temperature (for example, minimum or maximum).

In some cases the pH is known at one temperature, but the design is to be run at a substantially different temperature.
This commonly occurs in condensate polishing, where the pH at 25 °C is known but the system design temperature is
substantially higher. When this situation occurs, the following protocol is recommended to get the most accurate
results.

o Initially determine the water composition at the temperature where the pH is known.
o Enterthe known pH.
o Enterthe known pH temperature (25 °C) as the design temperature.
o Enterthe remaining constituents of the feed water.
o Charge balance the solution using one of the Add Solutes or Adjust Solutes options.

o Determine the water composition at the design temperature
o Enterthe actual design temperature
o Charge balance the solution using the Adjust pH option. The total moles of related species will be held
constant, but all of the equilibrium constants will be recomputed for the new temperature and then the
H* concentration and thus the pH will be adjusted to charge balance the solution.

As an example, assume that the pH of an ammonia solution is known to be 9.50 at 25 °C. Inputting those values and
using the Add Ammonia option gives a total NH;/NH,* concentration of 1615 mg/L as NH,". If a design temperature of
55 °C is entered, using the Adjust pH option will give a pH at that temperature of 8.65. Note that the pH at 25°C is
correctly displayed as 9.50.
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-
o Il » | Multi-Tech Example 2 - UF + RO + IXMB - Surface Water - Case 1 Without Degasifier
Configuration User Settings Feed Setup Report Help
Add Sclutes Adjust Solutes
| Save To Water Library | Adjust pH Add Sodium Adjust Cations | | Adjust Anions | |Adjust AllTons | | | o] | mg/L e
. Open Water Library Add Calcium Adjust total CO/HCO,/CO,
Wiater Library Add Ammonia Charge Balafife Adjustment Quick Entry
Feed Water | Reverse Osmesis | Ix MB Polish | Summary Report |
Sream Definiion Feed Water - Stream 1
ELE Feed Parameters Salid Content
I — N Temparsture.
Water Type:
— S v - T o
Suggested Sub-type:
NTU < 15, TS5 = 20 Toual Suspended Solids (T3] mgll
* Suggestion based on user Turbidity
1t o ot Vo s o ot i @257
2 Sub-type determines the Design
Q: Guideline to be used. Organic Content Additional Fead Water Information
i typer .
= WVizter Sub-type Organics (TOC): - ma/L
g —
»
Cations Anians Meutrals
Symbol ma/L ppm Caco, meq/L ma/L ppm CaCo, meg/L. Symbol ma/L
HH. 0000 0.000 0.000 0.086 0.143 0.003 i | 7500
K 1.700 2176 0.043 33605 76.771 1534 B | o000
N 5400 1175 0.235 3.700 2.986 0.060 co: | s
g 5800 73.061 0.461 6,300 5.740 0,155
= 31100 77666 1552 0.000 0.000 0000
Ei 0000 0,000 0.000 23000 25,005 0500
B 0000 0.000 0.000
Total Cations: 43.800 114,657 2.291 Total Anions: 128.201 114.645 2.291 Total Neutrals:  17.374
b Total Dissolved Solids : 179.606 mgiL. . .
Total Dissolved Solutes: 183.377 mgiL Charge Balance: -0.000202 meg/L Estimated Conductivity: 242 48 pSicm
Total ppm CaCOs: 114.657
i

Figure 34. pH entry
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2.5 Condensate Polishing Additional Parameters

In case of Condensate Polishing Feed Water tab allows to include additional parameters specific for this technology as
Amines and CRUD: pH Control anions, 12-diaminoethane, 2-amino-2-methyl-1-propanol, 3-methoxypropylamine, 5-
aminopentanol, ammonia, cyclohexylamine, ethanolamine, morpholine.

© ' | » |XCPEemple - Casel l=a] & |
—— - - I -
Filc ¥ Configuration User Settings Feed Setup Report Help & WAVE Answer Center 6 Guick Help
Add Solutes Adjust Solutes
| Save To Water Library | Adjust pH Add Sodium | [Add Adjust Cations | Adjust Anions | Adjust Al Tons| | | 0| |mafL nsct
. Open Water Library Add Calgium | | Add ate Adijust total COz/HCOs/CO:
i
| Waker Library Add Ammonia Charge Balance Adjustment Quick Entry
Feed Water | D¢ Cond. Polish | Summary Report |
Stream Dfinition _ -
- - N Feed Water - Stream 1 ines and CRUD “j'l
Strear m Feed Parametars
Water Typs: Dose Dose
Add Stream pH Control Amines
Name {mg/L) (meq/L)
(S o Jpu— oo (G =
2-Aming-Z-methy-i-prapanal | oco0 o000 e
e 3-Methoxypropylamine oo 0000
[ e
= —
z S-Amincpentancl 0gao| 0000
H —
Ammonia 1000 o053
bl - _l
Cyclohexylamine acon| 0000
3 Ethanclamine [ uouo-| 0000
Cations )
Morpholine 0gao| 0000
Symbol mg/L Ppm CaCO, meg/L /L
HH. 1573 4.363 0.087 repgen Seavanger N o 010
K 0.000 0,000 0.000 ose == 000
Wa 0.010 0.022 0.000 Name (ma/L) (meqfL} 000
g 0.000 0.000 0.000
B 1.000 0,000 0.000 Hydrazine 0000 0000
Es 0.000 0.000 0.000 CRUD oo |
e 0.000 0.000 0.000
Amines
ons: p.oto
Total Cations: 1.583 4.385 0.088 Total Al Total Amine as NH.(mea/L) -
Total Dissolved Solutes: 2.102malL Charg ——— ——— Sicm
[ save | [ cancel
Total ppm CaCO,: 4.385

Figure 35. Detailed entry of the condensate polishing additional parameters
Note:

o The Condensate Polishing Popup window will automatically estimate the Total Amine content in the feed water.

2.6 Balancing the Feed Water

In WAVE, the feed water must be charge balanced before the user is allowed to either simulate or specify the system
design. There are several paths for charge balancing the feed water:

2.6.1 Charge Balancing by Addition of Specific Solutes

In WAVE, one can perform charge balancing by adding the following ions
o (Cations: Sodium, Calcium, Ammonia
« Anions: Chloride, Sulfate
Depending on whether the specified water has a net positive (requires anions) or negative (requires cations) charge,

WAVE would display buttons to add the appropriate ions (Figure 36 and Figure 37). The user should click on the
appropriate button. The Charge Balance value will drop to a very small number.
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@ | | » | Muiti-Tech Example 2 - UF + RO + IXMB - Surface Water - Case 1 Without Degasifier (o 0 |
Configuration User Settings Feed Setup Report Help 5 WAVE Answer Center 18 Guick Help
Add Solutes Adjust Solites
| Save To Water Library | Adjust pH dd Sodium | [z Adjust Anions | |Adjust AllTons | | | o] | mg/L e
| 7 Open water Library * Add Calcium | ||dd Adjust total CO/HCO:/CO:
Water Library Add Ammonia Charge Balanca Adjustment Quick Entry
Feed Water | Ultrafiltration | Reverse Osmasis | I MB Polish | Summary Report |
Sream Definiion Feed Water - Stream 1
ELE Feed Parameters Salid Content
T EE— N Tempersture
s Water Type:
Turi WY
Suggested Sub-type:
NTU < 15, TS5 < 20 Total Suspended Solids (TS5 mall
* Suggestion based on user Turbidity
and TS5 input. The selected Water 50
e Sub-rype determines the Design
& Guideline to be used. Organic Contant Additional Feed Water Information
i ayper ) ,
= Vizter Sub-ype: Organics (TOC): mall
g
»
Catians Anicns Neatrals
Symbol ma/L ppm Caco, megq/L Symbol mg/L pPm Caco, meq/L Symbol mg/L
HEL a.000 0.000 0.000 o, 0.086 0.143 0.003 510 | 7500
K 1700 2176 0.043 HCO: 535605 76771 1534 B [ o000
Ha 4,400 5578 0.151 NOs 3.700 2.386 0.060 o [ s
Vg 5800 23061 0461 d 6.300 95.720 0.135
B 31100 77668 L1552 F 0.000 0.000 0.000
E 2,000 0.000 0.000 EN 24,000 25,008 0.500
B 2,000 0.000 0.000
Total Cations:  42.800 112,481 2.248 Total Anions: 128.251 114.645 2201 Total Neutrals:  17.274
||| Tot! Dissolved Solids : 172600 mgiL . » i
Total Dissolved Solutes: 192.371 mgiL Estimated Conductivily: 240.43 pSicm
Total ppm CaCOs: 114.645
r = N
@ | |d » | Muiti-Tech Example 2 - UF + RO + IXMB - Surface Water - Case 1 Without Degasifier ==
Configuration User Settings Feed Setup Report Help 5 WAVE Answer Center 18 Quick Help
Add Solutes Adjust Solites

| 5ave To Water Uibrary | Adjust pH Add Chloride | | |Adjust Cations IAdjust Anions I Adjust All Tons | | | 8] |ma/L Nac

Add Sulfate Adjust total CO:/HCO/CO.

. Open Water Library

Wiater Library Add Ammonia Charge Balance Adjustment Quick Entry

Feed Water | Ultrafiltration | Reverse Gsmosis | ¢ MB Polish | Summary Report |

Strezm Defintion Feed Water - Stream 1

Fead Parametars Salid Contenz Ik

T Temparature
Water Typa:
Add Sream bl

Surface Water hJ Turbid

Suggested Sub-type:

NTU = 15, T35 < 20 Tors! Suspended Solids (T55) mglL
= Suggestion based on user Turbidity
and TS5 input. The selectad Water SDL
2 Sub-type cerermines the Design
= Guideline to be used. Organic Content Additional Feed Water Information
i ayper ) ,
= Vizter Sub-ype: Organics (TOC): mall
:
»
Cations Anins Nestrals
Symbel mgiL PP CaCO, meq/L symbal marL ppm Caco, meq/L Symbol marL
e 2000 0.000 0.000 cos 0.086 0.143 0002 si0; | 7500
K L1700 1178 0.043 HCO, 33605 8771 1534 B | oo
s 6400 1331 0278 NOs 3.700 2985 0.080 co: [ o
g 5600 23061 0461 d 6500 9.740 0.195
[ 31.100 77666 L1552 F 0.000 0.000 0.000
Bl 0,000 0000 0.000 0. 24,000 25,005 0.500
B 0.000 0.000 0.000
Total Cations: ~ 44.800 116.834 2.335 Total Anions: 128251 114.645 2.1 Total Neutrals:  17.274
|

Total Dissolved Solids : 180.600 mgiL . »
Total Dissolved Solutes: 194.371 mgiL Charge Balance: 0.043496 meqiL. Estimated Conductivity: 244.50 uSicm
| Total ppm CacO,: 116.834

Figure 37. Charge balancing a stream by adding anions
Notes:
« Charge balancing with addition of solutes does not affect the ammonia equilibrium

o The buttons used for Charge Balancing (Adjust pH, Adjust Solutes, Add Solutes) would be grayed out under most
circumstances. However, after several attempts, the buttons are still not greyed out, it means that WAVE is as
close to charge balance as possible. Users can then proceed with the design.

o This method is the simplest charge balance method and is commonly used.
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2.6.2 Charge Balancing by Adjustment of Solute Compositions

Another method to balance the feed charge in WAVE is by adjusting solutes. This would involve proportional

adjustment of cations, anions or both. Three options are given in WAVE:
1. Cations: NH4, K, N3, Mg, C3, Sr, Ba
2. Anions: CO3,HCO3,NO3, Cl, F, S04

3. Both (Cations and Anions)

As shown, the user can pick the appropriate option.

-
@ | W » | Multi-Tech Example 2 - UF + RO + IXMB - Surface Water - Case 1: Without Degasifier

=E)

Filc Configuration User Settings Feed Setup Report Help 5 WAVE Answer Center ) Guick Help
Add Solutes Adjust Solites
| 5ave To Water Uibrary | Adjust pH g” Adijust Cations | |Adjust Anions | |Adjust All Tons 0| [ma/L Nact
L Open Water Library Add Sulfate Adjust total CO:/HCO/CO.
Water Library Add a Charge Balance Adjustment Quick Entry
Feed Water | Ultrafiltration | Reverse Osmosis | Ix MB Polish | Summary Report |
Stream Dafiniion Feed Water - Stream 1
i EET % Feed Parameters Salid Content I}
EEE— . Tempersture
s Water Typs:
Surface Water - Turbidy: [s0 e[ ma Je Bs
Suggested Sub-type: - N N
NTU = 15, TS5 < 20 Total Suspended Solids [TS5) Minimum Design Maximum
¥ :
Suggestion based on user Turbidity
and TS5 input. The selectad Water oL [ Do PHB15.0°T: sHesrc| 7.2
e Sub-rype determines the Design
= Guideline to be used. Organic Content Additional Feed Water Information
= Vizter Sub-typet Organics (TOC): m mall
g
»
Cations Anians Neutrals
Symbol mgiL ppm Caco, megq/L symbol mgrL ppm Caco, meg/L symbol mg/L
et 2000 0.000 0.000 o 0.086 0.143 0.002 si0; | 7500
K L700 1178 0.043 HEO: 33605 8771 1534 B | oo
Wa 6400 1331 0.278 NO; 3.700 2985 0.060 co: [ s
g 5600 23.061 0461 d 6500 9.720 0.135
= 31.100 77.666 1552 F 0.000 0.000 0.000
Bl 0,000 0.000 0.000 0. 24000 25.005 0500
B 0.000 0.000 0.000
Total Cations: ~ 44.800 116.834 2.335 Total Anions: 128251 114.645 2.1 Total Neutrals:  17.274
|
Total Dissolved Solids : 180.600 mg/L . »
Total Dissolved Solutes: 194,371 mgiL Charge Balance: 0.043496 meqiL. Estimated Conductivity: 244.50 uSicm
| Total ppm caco,: 115.834
|

Figure 38. Charge balancing in WAVE by adjusting solutes

Notes:

« Charge balancing with addition of solutes does not affect the pH

o The carbonate equilibrium is affected by “Adjust Anions” and “Adjust All lons” options.

o The ammonium equilibrium may be affected by “Adjust Cations” and “Adjust All lons” options.

« The buttons used for Charge Balancing (Adjust pH, Adjust Solutes, Add Solutes) would be grayed out under most

circumstances. However, after several attempts, the buttons are still

not greyed out, it means that WAVE is as

close to charge balance as possible. Users can then proceed with the design.
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2.6.3 Charge Balancing the CO,/HCO3/CO5; composition for a given feed pH

The WAVE calculation engine would determine the equilibrium CO5/CO, composition given a feed pH using proprietary
equations. Thus the composition of the three species can be adjusted to achieve charge balance. The user can click on
“Adjust total CO,/ HCO5/CO5" as shown.

Notes:

)
@ | Id » | Untitled Project - Case 1 = |5 e
Filt v Configuration User Settings Feed Setup Report Help ' WAVE Answer Center &) Quick Help
Add Solutes Adjust Solutes
|l save To Water Library | Adjust pH + | |Add Chleride | Adjust Cations | Adjust Anions | | Adjust All Tons zmu] mg/L Nacl
" Open Water Library Adjust total CO-/HCO/COs
Water Library Charge Balance Adjustment Quick Entry
Feed Water | Ulkrafitration | Reverss Osmesis | IX MB Polish | Summary Report |
Stream Dafinition Feed Water - River - Mean Europe
e e Feed Paramaters Salid Cantznt
T . Temparature
5 Water Type:
Surface Water - Turbidity: [ 0.00 ] NTU [ 50 ]“c [ 150 ]wc [ 200 ]vc
Water Sub-type: Mini N N
Total Suspendad Solick (TSS): " inimum Design Maximum
SDLs [ 0,00 pH: | 720
g: Organic Contant Additional Feedwater
§ Organics (TOC): 0.00 ma/L
bl
Cations Anions Neutrals
Symbol mg/L Pppm Caco, meq/L Symbaol mag/L ppm Caca, meg/L Symbol ma/L
NH. 0.00 0.00 0.00 s | 0.03 | 0.05 | 0.00 itz 7.50
K 170 218 0.04 (= 30.00 24.60 0.43 8 0.00
Na 20.00 4354 087 NO: 370 259 3 C0: 31
Mg 5.60 .06 045 El 20.00 2823 056
Ca 3110 7767 1355 F | 0.00 [ 0.00 | 0.00 |
El 0.00 0.00 0.00 50. [ 2800 | a1 | 0.50 |
Ea 0.00 0.00 0.00
Total Cations: 58,40 146,44 283 Total Anions: 77.73 80.87 1.62 Total Neutrals: 10,64
Total Dissolved Solids : 143.60 mg/L
Total Dissolved Solutes: 143,636.86 ma/L I Charge Balance: 1.309917 meqlL. I Estimated Conductivity: 255.83 pSlem
Total ppm CaCOjy: 146.44

Figure 39. Balancing the CO,/HCO3/CO3; composition for a given feed pH

« WAVE automatically calculates the equilibrium CO,/HCO,/CO; composition given either the HCO; or CO,

o The carbonate equilibrium in the feed water is affected by pH, temperature and TDS. Thus if the user changes
the amount of otherions by a large extent, the carbonate equilibrium will be affected.
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2.6.4 Charge Balancing by Adjusting the pH

The specific composition of several species (e.g. carbonates, ammonia) is affected by pH. Thus by adjusting pH, users
can charge balance the water. This is done in WAVE by clicking on the “Adjust pH” button as shown below.

r N
@ | kd » | MultiTech Example 2 - UF + RO + IXMB - Surface Water - Case 1; Without Degasifier o= [ 0 ]
L e
‘Configuration User Settings Feed Setup Report Halp = WAVE Answer Center 16 GQuick Help

Add Solutes Adjust Solites
|l save o Wale» Add Chioride | |Adjust Cations | | Adjust Anions | Adjust All Ions [ u] ma/L NaCl
7 Open Water Library Add Sulfste | | |Adjust total CO-/HCO./CO,
| Water Library Charge Balance Adjustment Quick Entry
Feed Water | Ultrafiltration | Reverss Osmasis | I MB Polish | Summary Report |
Strezm Definition Feed Water - Stream 1
i e Feed Paramaters Solid Content I}
Water Type: Temperature
Surface Water - Turbidity
Suggestad Sub-type: - - -
NTU < 15, T55 < 20 Total Suspended Solids (TS5) AR = ~EE
* Suggestion basad on usar Turbidity
and TS5 input, The selected Water SOL. oH 22507
e Sub-type determines the Design
& Guideline to be used. Organic Content Adéitional Feed Wter Information
z Viater Sub-type: Qrganics {TOC) malL
g
»
Cations Anians Neatrals
Symbol ma/L pPm Caco, meq/L Symbol ma/L ppm Caco, meq/L Symbol ma/L
[N a.000 0.000 0.000 co, 0.08 0.143 0.003 si0; | 7500
K 1700 2176 0.043 HCO: 33805 %771 153 B | o000
W 5400 13331 0.278 NO; 3.700 2.386 0.080 c0; [ e
¥ig 5,800 23081 0.461 El 6300 9.720 0,195
B 31100 77566 1552 F 0.000 0.000 0.000
E w000 0.000 0.000 EN 24000 25008 0.500
B [ 0.000 0.000
Total Cations: ~ 44.800 116.834 2.335 Total Anions: 128.251 114.645 2.291 Total Neutrals: 17,274
I
Total Dissolved Solids : 180.600 mg/L . »
Total Dissolved Solutes: 194,371 mgiL Charge Balance: 0.043496 meqiL. Estimated Conductivity: 244 50 uSicm
| Total ppm caco,: 116.834
|

Figure 40. Charge balance by adjusting pH
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2.7 Import from the Water Library

If 3 water profile is available in the Water Library, then it can be copied to the Feed Water Tab using the following steps:

1. From the Feed Water tab, click on “Open Water Library” and click on the dropdown list.

['s
@ | I » | MultiTech Example 2 - UF + RO + IXMB - Surface Water - Case 1: Without Degasifier

P =)

= WAVE Answer Canter

/L dacl

6 Guick Help

—— .
Filc + Configuration User Settings Feed Setup Report Help
Open From Water Profile Library .;-I
| save To Water Libras
B Onen Viater Library Open From Library: = ]
I Water Library
Vister Type:
| Home | Feedwster | Ultrafilr
Stream Definition .
i Stream 1 . Tubidry: | 0.00 IN11J i
| ded Solics (T35): | ] pm{ o |
Total Suspended Solids (T55): | 0.00 ]mg L —
Add Stream L Temperature
onganics (Toc): | 0.00 ]mgfL l 0o JECI 0o IT{ e },C
sk | 000 ] Minimum Dasign Maximum
%
3
i
g
b
Cations
Symbol ma/L
e a.000
K 1700
Wa €400
Mg 5600
B 3L100
B 0000 Total Dissolved Solids :0.00mg/L chorne Balance: 0.00mealL
B2 0.000 Total Dissolved Solutes:0.00mgiL arge Balance: 0.00meq
Total Cations:  44.800
|
Total Dissolved Solids : 130,
Total Dissolved Solutes: 194)
|| Total ppm caco.: 116.834
fl

ﬁ“c 150 =C BC

Fead Water Information

bted Conduetivity: 244.50 pSiem

s

Design Mazimum

Nautrals

Symbol ma/L
Sio: 7.500
8 | 0.000
CO: | 8.774

Total Neutrals: 17.274

dropdown for water profiles

2. Select a water profile from the drop down list and click on “Copy to Feed Water”
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P =)

Total Dissolved Solids : 120.4
Total Dissolved Solutes: 194,

B |

|
Filc + Configuration User Settings Feed Setup Report Help % WAVE Answer Center { quick Help
Open From Water Profile Library “l
|l save To Water Library  Adj mgfL NaCl
[ Open Water Library Open From Library: [R'wer - Mean Asia ! ']
I Water Library Entry
Water Types Surface Water
[Home | Faed Water | Uitrafitra "
Stream Definition )
i Stream 1 % Tutidty: | 0.00 ]NTU . [
i ded Solids (T55) | /I i { 2 I
Toul Suspended Solids (TS5): | 0.00 ]mg L —
‘add Stream L Tempersure
v rocl | o9 |t e o ss2 Jo[ =2 Jo
L [ 50 Jec[ 10 Je[ 400 Jc
; N g Uil ) Wl Design Mazimum
soLs | 040 ] Minimum Design Maximum
g i
2 Cations Anions Neutrals Feed Wizter Information
=
El Symbol mg/L Symbol mg/L Symbol ma/L
> NH. 0.00 CO: 0.07 Si0: | 1170
K 200 HOO: 20.14 ©0: | esa
MNa 7.3 NO5 070 ] | oo
Cations. Mg 5.60 <l 6.70 Neutrals
s 1840 F 0.00
Symbol mg/L St 0.00 50, 8.40 Symbol ma/L
HH. 2.000 Ba 0.3 il 7.500
K 1700 ) _ 8 | 0.000
e S0 Total Cations:  33.30 Total Anions:  98.01 Total Neutrals:  20.24 o o
Hg 5600
C: 31100
Sr 0.000 Total Dissolved Solids :143.01mg/L h Bal 000 "
B 4.000 Total Dissolved Solutes:155.05mgiL large Balance: 0.00 meq
Total Cations: 44.800 Total Neutrals:  17.374
i

|| Total ppm CaCOs: 116.834

ted Conductivity: 24450 pSiem

Figure 42. Accessing the dropdown for water profiles

Figure 41. Accessing the Water Library from the Feed Water tab and opening the
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3. The water profile is now copied over to the Feed Water Tab.
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» | UF Example 2 - Surface Water -

mﬁlg

Stream Definition

. Open Water Library

Water Library

Stream 1 IOD..

Configuration

H Save To Water Library

Add Stream

o

=

o

=

»
Cations
Symbal mgy/L|
MNH: 0.00 |
K 59.00
|Ea 6,755.01
Mg 120.00]
Ca 543.001
Sr 0.00
Ba 0.00 1

Total Cations:

Total Dissolved Solids :

7.517.0

User Settings Feed Setup Report Help F WAVE Answer Center (g Quick Help
Adjust pH Add Sclutes Adjust Solutes
2 Chlorids | 844 5o Ackinct Catinne | Adinst Sninne | Adivet 81l Tnne
Open From 'Watar Profile Library lgj_u] mg/L NaCl
Quick Entry
Opent Frurn Lilvarys (Wl Wetss - Meu Hasuress -
Water Typa: Well
Tubidty: [ 000 | N ) )
- pH: [ 770 H: -
Toul Susperded Solids (T55): | 0.00 | meL |—] P m
. Temparsture Temperature
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A1 Total Neutrals: 50.23
Cancel Copy To Fead Water |
w Conductivity: 31,757.66 pSicm

Figure 43. Transferring the water profile to the Feed Water screen
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2.8 Chemical Addition and pH Adjustment to the UF feed

WAVE enables the following modifications (from what was entered in the Feed Water Tab) to the UF feed stream:

2.8.1 pH Adjustment of UF Feed

This is done by following the steps below:

1. Click on the "Add Chemicals/Degas” button. The Chemical Adjustment Popup Window will appear).

@ | k4 » | UFExample 2 - Surface Water - [E=E
P — E
File v Configuration User Settings Feed Setup Report Help % WAVE Answer Center | Quick Help
i @
Pressure: () psi @ bar - -
Temperature: i °F @ s A ! Hon
Fuc(iold @LMH__
Units Mare Cases Water Chemistry Adjust RO Special Features | UF Special Features
| Home [ Feed Water | ‘ Summary Report |
Design ey T
Desgn UF Product Flow Rate
Configuration Automatic: 3 ﬁ‘ | ot | Cegulant | @
More ¢ Straines Specification
Strainar Racovery! L
§ Swrainer Sae
§ Module Selection
» [1 only show modulss e Mevinerrt | e

e

DOW™ UF Module | Intzg|

T

.....

g o

Membrane Integrity Testing:

=
Offine Time par i
Wa Ll ( o|miniday

ste
5B

Figure 44. Opening "Chemical Adjustment” window

2. Click on the “pH” button to enable pH reduction. An acid addition line (named “ACID”) would automatically
appearin the UF System Diagram and an additional column (named “After pH”) would appearin the table
inside the Chemical Adjustment Popup Window.Figure 47. Feed pH specification for UF

3. Click on the dropdown arrow and select an acid. The selected acid, along with its concentration in the ACID
stream, would be shown in the UF System Diagram.

4. Specify a pH. The values in the “After pH” column in the in the table inside the Chemical Adjustment Popup
Window would be updated. In addition, the concentration of the acid in the UF stream needed to achieve the
specified pH is displayed in the UF System diagram.
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5. Click "OK".

@ | 14 » |UFExample 2 - Surface Water -

" Filc ¥ Configuration User Settings Feed Setup Report Help 5 WAVE Answer Center 6 Quick Help
Flowi € @ "‘;::: » =} Add ChemicalsDegas Compaction UF TOC Rejection |
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Bl O o T
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D&ign Fhemdral Arjushon s ﬁ
Design UF Product Flow Rate
” i ) ) [ | » et | cosman | @
More 3 Strainer Spacification _ ! ._ '.-

Strainer Recovery: 59 = =
Strainer Sze: i i

&
il Module Selection
= s Mcaaraners Aexer 4 pH
#* | Cnly show modules aporp #H v It
i o L _—
DOW™ UF Module | Int=grf ~ o Torsesnme e =
D
53] %
L e,
o
— 0
T U Treoas s —
UF Modubes: 3x 12 = 36 o
Flux: 75 LMo 0 L]
System Recovery: 57.2% ] ]
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Figure 45. Feed pH specification for UF

6. The tool allows also adding Oxidant and Coagulant.

Note: The acid is selected from the list of chemicals defined by the user as shown in Sections Chemical Library and
Adding a New Chemical.
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2.8.2 Temperature Adjustment of Feed

This is done by following the steps below:
1. Click on the “Add Chemicals/Degas” button to get the Chemical Adjustment Popup Window.

2. Click on the dropdown box in the Temperature Specification Box. The following options appear: Minimum,
Design, Maximum and Specify

3. Select “Specify” and enter the temperature of interest.

4. Click "OK".

‘. Chemical Adjustrient | |

» ten ) o | come | @

Befors

Massuresert A v

Iemaeranre

019
3% Temperaturer |2min

R0

150 ¢

Figure 46. Specification of feed temperature for UF in WAVE

2.8.3 Oxidant Addition to the UF Feed

This is done by following the steps below:
1. Click on the “Add Chemicals/Degas” button. The Chemical Adjustment Popup Window will appear.

2. Click on the “Oxidant” button to enable oxidant addition. An oxidant addition line (named “OXIDANT") would
automatically appear in the UF System Diagram.

3. Click on the dropdown arrow and select an oxidant. The selected oxidant, along with its concentration in the
OXIDANT stream, would be shown in the UF System Diagram.

4. Specify the target concentration of the oxidant in the UF feed stream. The target concentration of the oxidant
in the UF stream is displayed in the UF System diagram.
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5. Click "OK".

Water Chemistry Adjustments

@ | L4 » | UFEemple 2 - Surface Water - (=l s
R8N Configuration User Sattings Report Help 5 WAVE Anwer Center | g Quick Help

UF TOK Rejection

Features | UF Special Features

Configuration

Strainer Specification
Strainer Recovery: E
Strainer Size:

Moduls Ssiaction

More 3

¥ AeNPIND

[T nly show madules apg]

DOW™ UF Module |Integ

Feed Water
Average Fest Fiow: 2088 mh
Tyze: viel

T 00
TOC: 0.0mst
Tartiy: 0.0 MTY

U

Theriml Arameent

-~

s | T e |
=
24 gl

sra
Torsewwees  Owiyn i
53
soen | [
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Membrane Integrity Testing:
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:;ﬁlh Traie o|miniday

Figure 47. Specification of Oxidant addition for UF in WAVE

Notes:

« The oxidantis selected from the list of chemicals defined by the user as shown in Sections Chemical Library and

Adding a New Chemical.

o The user can add a coagulant from any of the UF windows by clicking on the “Add Chemical/Degas” option.
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2.8.4 Coagulant Addition to the UF Feed

This is done by following the steps (as shown in Figure 48):

1. Click on the “Add Chemicals/Degas” button. The Chemical Adjustment Popup Window will appear.

2. Click on the “Coagulant” button to enable oxidant addition. A coagulant addition line (named “COAGULANT")

would automatically appear in the UF System Diagram.

3. Click on the dropdown arrow and select a coagulant. The selected coagulant, along with its
concentration in the COAGULANT stream, would be shown in the UF System Diagram.

4. Specify the target concentration of the coagulant in the UF feed stream. The target concentration of the
coagulant in the UF stream is displayed in the UF System diagram.
5. Click "OK".
[ @1 14 = | UF Bamphe Sunfoce Watea s L ]
GLRAM  Configuration User Settings Feed Setup Report Help = WAVE Answer Canter i Quick Help
Flow: ﬂ 92:;: ‘ UF TOE Rejection
Pressure: () psi @ bar - =
Temperature: () 5F (@ °C & djust Final pH
Flux: () gid  © LMH
Units @ Cases \Water Chemistry Adjustments RO UF Special Features
[[Fiome | Fasd water| | Sumemary Rep] iemim s P
Design * 31
Desgn umf&nr!wme @
Configuration N
More 3 Suainer Spcification
saines ey |9
g Strainer Sizat PRE— A-::::—,“
EZT Moduls Selection Ay R
» IZ] only show madules apg TwxTme  cwn -
DOW™ UF Madule @ =
=
v
@ 4 =5 352 man neca 110 122 L ap: [jd
BW 924 T!T?mﬁsimxfr. % Membrane Integrity Testing:
AL S | Offfine Time pes | minday
Figure 48. Specification of Coagulant addition for UF in WAVE
Notes:

o The coagulant is selected from the list defined by the user as shown in Sections Chemical Library and Adding a

New Chemical.

o The user can add a coagulant from any of the UF windows by clicking on the “Add Chemical/Degas” option.
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2.9 Mixing Feed Streams

By default, WAVE always defines a feed stream (“Stream 1) regardless of whether or not a process was selected.
However, WAVE provides a possibility for generating a stream combined from several streams.

2.9.1 Adding a Stream

To add another stream in WAVE:

1. From the Feed Water tab, click on “Add Stream”.

-
@ | I » | Multi-Tech Example 2 - UF + RO + I¥MB - Surface Water - Case 1: Without Degasifier

PREET=)

[
Configuration

Water Type:

Surface Water -
Suggested Sub-type:
NTU « 15, T55 < 20
* Suggestion based on user Turbidity

2nd TSS input. The selected Water

e (T[22 Je 9 Je[ 9 Je
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SDLs:

pH @15.0°C: pH 825.0°C:

User Settings Feed Setup Report Help T WAVE Answer Center ) quick Help
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|l Save To Water Library | Adjust pH Add Sodium | |Add Chloride | | |Adjust Cations | Adjust Anians | | Adiust &l lons | | | 0| | mafL pacl
125 Open Water Library Add Calcium | | Add Sufate Adjust botal COL/HCO,/CO:
Water Library Add Ammonia Charge Balance Adjustment Quick Entry
Feed Water | Ultrafiltration | Reverse Gsmosis | DX MB Polish | Summary Report | Ean
Stream Definition Feed Water - Stream 1
Feed Parameters Solid Contant
Temparaturs.

Minimum Design

Maximum

Total Dissolved Solids : 179.600 mgiL.
Total Dissolved Solutes: 193.371 mg/L
Total ppm CaCOs: 114.657

Charge Balance: -0.000001 meg/L

2 Sub-type cer=rmines th Design

= Guideline to be used. Organic Content Additional Feed Water Information

z Vister Sub-type: Grganies [TOC) ma/L

s

>
Cations Anians Newtrals
Symbol mg/L pAm CaCo, meq/L symbal mg/L ppm CaCO, meq/L Symbol marL
[ 2.000 0.000 0.000 co: 0.086 0143 0003 si0s | 7s00
K 1700 2178 0.043 HCO: 53603 76771 1534 5 | oom
s 5.400 11755 0235 WOs 3700 2988 2080 ) [ ss
g 5600 061 0.461 Gl 6500 9.740 0195
B 31100 77,588 1552 F 0.000 a.000 0.000
5 a.000 0.000 0.000 EN 24.000 25,005 0.500
B 9.000 0.000 0.000
Total Cations:  43.800 114657 2.1 Total Anions: 128251 114645 2,251 Total Neutrals:  17.274

Estimated Conductivity: 242.46 pSicm
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2. Specify the fraction (s) of the two (or more) feed streams which would be blended. The sum of the fractions
should always sum up to 100 %.

r N
@ | b » | Multi-Tech Example 2 - UF + RO + IXMB - Surface Water - Case 1 Without Degasifier =i ]
e — =

Filc v Configuration User Settings Fead Setup Report Help 5 WAVE Answer Center | g Quick Help
Add Solutes Adjust Selutes
|l Save To Water Library || Adiust ot Add Sodiumn mions | | & 0] |mg/L Nsal
" Open Water Library
Wiater Libeary Add Ammenia Charge Balance Adjustment Quick Entry
Home | Fesd Water | Ultrafil | Reverse Csmesis | IX MB Polish | Sumemary Report |
Stieam Definition Feed Water - Stream 3
W e’ " Fead Paramaters Selid Comant
8 stream2 % i Ty Tamparsure
Surface Waler - Tutidey [ 000 | WU w0 Jee[ 1m0 Jee[ w0 ]

Water Sub-type:
Toml Scspanded solds (15s}: [ 009 moft
el b IO o

Minimum: Design Maximum

DLt oH B25.0°C: BH @250°C: | 000 |

Organic Content Additional Feed Water Informaton
- ot

Catigns. Anigns Newarals
Symbol ma/L ppm CCO, meg/L Symbol mg/L ppm CaCo, meq/L Symbal mag/L
NH. 0.000 06.000 0.000 o 0.000 0.000 0.000 Si0: 0.000
K 0.000 0.000 0.000 HCO: 0,000 0.000 0.000 B 0,000
fia 0000 0.000 0.000 Oy 0.000 2.000 0.000 Co: 0.000
Mg 0.000 0900 0.000 d 0.000 9.000 o000

0.000 0.000 0.000 F 0,000 0.000 0.000
St 0.000 0.000 0.000 50. 0,000 2.000 a.000
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Tatal Cations: 0.000 0.000 0.000 Tatal Anians: 0.000 0.000 0.000 Total Neutrals: 0,000

Total Dissolved Solids : 0.000 mg/L
Total Dissolved Sclutes: 0.000 mg/L. Charge Balance: 0.000000 meq/L

Total ppm CaCOs: 0.000

Estimated Conductivity: 0.00 pSiem

Figure 50. Blending feed water streams

3. Click on “Blended Composite”

Notes:

in WAVE

« By default a new feed stream is not blended with the pre-existing feed stream. While “Stream 2" is selected, the
user can specify its composition or open the Water Library to load the water.

o Assoon as the ‘Blended Composite’ button is clicked, the combined water type is labeled ‘Blended Water'.
WAVE would mix the appropriate ionic content, solid content, TOC content and also estimate the pH and

temperature.
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2.9.2 Removing Feed Streams

To remove streams, the user would click on Red icon. The stream will disappear.

r N
@ | kd » | Multi-Tech Example 2 - UF + RO + IXMB - Surface Water - Case 1; Without Degasifier ==
File ¥ Configuration User Settings Feed Setup Report Help 5 WAVE Answer Center 16 Guick Help
Add Solutes Adjust Solites
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: s 100 ol
bed
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Total Dissolved Solutes: 0.000 mgiL Charge Balance: 0.000000 meqiL. Estimated Conduetivity: 0.00 pSfem
Total ppm CaCOs: 0.000

Figure 51. Deleting a stream

Notes:

in WAVE

o When a stream is deleted (when there are more than two streams), the fractions of the remaining streams would
not be recalculated automatically. The user would have to recalculate the fractions.

o« When astream is deleted, the combined stream is no longer named ‘Composite’.
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3 Ultrafiltration

3.1 UF System Specification in W AVE . e 55
3.2 ULTRAFILTRATION - FINAL CALCULATION AND REPORT GENERATION ... . e, 105

3.1 UF System Specification in WAVE

The Ultrafiltration system design in WAVE is a powerful tool that allows sizing of new systems or evaluating the
performance of existing ones. In order to design a new Ultrafiltration system it is important to understand the main
inputs needed to help get an accurate and optimized design. These inputs include information about the feed water
source (e.g, municipal, seawater, wastewater, well water or surface water), quality, temperature range and required feed
flow or net plant output. On the other hand, the final application of the project is of interest, as in the case of drinking
water applications, specific DUPONT™ UF modules must be used.

For a given feed water type and quality, the appropriate design guidelines must be applied. These design guidelines
have been created based on extensive experiences and references in similar waters. The design guidelines include
suitable operating flux, duration of the filtration cycles or frequency of the chemical cleanings.

Once all this information is introduced in the system design software, it will populate a detailed Ultrafiltration System
Design report, which includes a general process flow diagram, module selection, sizing and quantity of trains, sizing of
water and chemical tanks, process parameters and sequence tables, as well as estimations for chemical and energy
consumption, among others.

UF system specification includes the following steps:

3.1.1 Adding the UF Icon into the WAVE Home Window

The UF Symbol can be dragged and dropped on top of the gray spot to specify a UF process as shown in. If the gray spot
is not visible, simply dragging the UF icon between the two large blue arrows will make the gray spot visible.

@ | | » | Untitled Project - Case 1 b |
Configuration User Settings Feed Setup Report Help T WAVE Answer Center | (i) Quick Help

Flow: ) gpm @ m’/h [ B
puc g Add Caze dd €|
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1.5peci feed Rlowrate or product flowrate, ~ | Pre-traatment

the \
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Figure 52. Dragging and dropping UF icon
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3.1.2 Removing the UF Icon

There are two ways to remove the UF process icon:

1. Dragging and dropping the icons into the picture of the waste bin
© | 14 » | Untitled Project - Case 1 (= | B ]

Filt v Configuration User Settings Feed Setup Report Help 5 WAVE Answer Center | I Quick Help
Flow: O gem  ©) mifh YTy ——— T F ject
Ded O mid Add Case | | | == 3ls/D 2 UF TOC Rejection
Pressure: ) psi @) bar
Temperstures () °F @) oC Manage | | A Adjust Final pH
Fuc:( Jgfid @ LMH
Units More|  Cases Water Chemistry Adjustments | RO Special Features | UF Special Features

Home | Feed Water | Ultrafiltration | Summary Report | o

Untitied Project - Case 1 —
Welcome! Tngxsiﬁndmnurnﬂvumhm Technalogies |
1.5pecify the feed flowrate or product flowrate,

2.Salact the technologies by draggng and NG DICCRSS icons tws blue arows. &) Bee-menmmant
stmlmwﬁunﬂumnhfmm RO or ROSC. @@

‘ # | Bulk Demineralization

000

A Polishing

Figure 53. Dragging and dropping the icons into the picture of the waste bin

2. Right-clicking on the icon in question and selecting “Delete”

@ | ld | Untitled Project - Case 1 (=B

"5 WAVE Answer Center Quick Help

R
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fiowrate or product flowrate, )
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Figure 54. Right-clicking on the icon in question and selecting "Delete”
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3.1.3 Defining the Feed Water Flowrate and Recovery

Feed and Product water flowrates should be specified using the text boxes in the middle of the blue arrows. First, Feed
or Permeate flow option should be selected using the radio button in the upper part of the arrow, later the flowrate can

be specified.

. N
@ | ld » | Untitled Project - Case 1 (e
e — =

File + Configuration User Settings Feed Setup Report: Help T WAVE Answer Center 18 Quick Help
Flm"::-:.: = ?::':'"i": Add Case | | [ Add Chemicals/Degas e UFTOC Rejection
Mansge | | | A Adjust Final pH
Cases | Water Chemisiry Adjustments RO Special Features | UF Special Features
Home | Feed Water | Ultrafitration | Summary Report |
Untitled Project - Case 1 §
Welcome! To get started on your naw project: Technologies
1.5pecify the feed flowrate or product flowrate.
2.Salect the tachnologies by cragging and dropping the cormespanding proces icons between the two blus rows. ~ Pre-treatment
3.5elect 2 water type from the dropdown list for UF, RO or ROSC. @
~ ) Bulk Demineralizati
i (R0 Jws T
=
2 | Palishing
> (vc)
) Split and Mix Points
Water Type:
Surface Water A L]
1
-
Figure 55. Definition of feed or product flow for a UF system
Notes:

« WAVE would display a warning if the Feed or Product flowrates are specified as 0 or a negative number

o Given afeed water flowrate, WAVE would calculate a product flowrate based on a default recovery. Given a
product water flowrate, WAVE would calculate a feed flowrate based on a default recovery. For UF, a default

recovery of 95% is used.
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WAVE does give the user the possibility of defining a recovery that defines feed/product flow if product/feed flow is

known. This is done by:
1. Right-clicking on the UF icon
2. Selecting “Define Recovery”

3. Entering the desired recovery

Manzge | | | A Adjust Finsl pH

Home | Feed Water | Ultrafiltration | Summary Report |

H
Cases \Water Chemistry Adjustments | RO Special Features

UF TOC Rejection

UF Special Features

r
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Figure 56. Definition of recovery for a UF system in the Home page

The default recovery value for UF systems is 95% in WAVE. The recovery defined above is a system recovery and is

used- currently based on UF configuration and strainer recovery

3.1.4 Specifying Feed Water Properties

The way to specify the feed water characteristics is described in detail on Section Specification of Feed Water for UF

design.
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3.1.5 Defining the System Design

Fundamental UF System Design information can be specified on "Design™ window.
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Figure 57. UF Plant Design window

UF Feed Flow Rate

The feed flowrate to the UF is specified by the user at the Home Tab as indicated in Section Defining the Feed Water

Flowrate and Recovery.
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UF Module Selection

The UF module of interest can be selected from the Design Window. Once the module is selected, the table of

Recommended Configurations would be updated.

Drinking water modules are included in the list once the "Include drinking water modules™ box is checked.

@ ! I » |UFExempla 2 - Surface Water -

[towe: | el Weitew | Uksitration [ Samoersary Iteqani. |

Configuration Usier Sodings T Soiup Report
3 s Case | | |wfmAdd Chemicals/Dagas
A\ Adpust Finsi pH

Tidp

B VWAME: Aneowr (Xaier

UF TOK Rejection

Water Chemistry Adjustments = RO Special Features

UF Special Features

D uiice Ledpy

Design

Corhgeration S L)
More g Sirainer Specification

T
B

Filration TMP Enarcesa Beberoen Progisses
mbarth
aeid Gzt [ )| mbth
b ¢x3: [ 00| mbarth
an [ on|mbar

Dty Inssinganess (Groas) Fhos ane Flow Rios
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Filirane Pl (For 1.0 "C)e 100 - L20.00 LMH
Backwish Fhoc :luu.ml 120,00 LM

60.00 - 120.00 LM
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[ Gely show moduies spproved for drinking water spplications

DOW™ UF Module m:&um SEP2660 v
Ultrafiltration SFP-2660
X 21
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wﬁwg'r;}.nw (obsolete)
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Filtrate Valv
)
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IntegraPac D-S1P
P-TTXP
TW74-2100 (obsolete)
1¥4102-21.00 (cbsolaze)
0G50-1100

IntegraFla -
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Intearafio

value

O 502t B 3%

Modula Selectcn
(V] nly show modiles appreved for rinking witer applcators

Irtegrabac PD-77
IrtagraFlo DW74-1100 (cbsoleze)
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ItegraPac ID-51XP
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IncegraFio DW74-2100 (cbsolece)
Ltacrafe DAANI 10 (ool

e Py
Mex 233 miym

o (3 250 L A L 20085 L
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B9 3 { CE 554 e
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Figure 58. How to select a UF module type
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IntegraPac™ Ultrafiltration Skids

A subset of the DW&PS product offerings are the IntegraPac™ products. Sliders depicting the minimum and maximum
Skid Sizes would be displayed on the Recommended Configurations table that can be found in the "Configuration™ tab.

#
@ ' | » | UF Example 2 - Surface Water -

EE—\

Filc v

Configuration

User Settings Feed Setup Report
= Acd Chemicals/Degas

Cases

Water Chemistry Adjustments

| Home | Feed water | Ultrafilration | Summary Report |

Help

RO Special Features

UF TOC Rejection

UF Special Features

16 Quick Help

= WAVE Answer Canter

Configuration

Design

More ¢

¥ AeN PN

Design Options

Stancby Option: [mmnmpemnng fus, varizble system ouput ¥
Storags Tank Option: Bacwash + flrate

Maduls Selacion

[T cnly show modules 2poroved for drinking water applications

DOW™ UF Module | IntegraPac IP-51 -

Saleczad Configurssin

IntegraPac™
Skid Design

T
Modules/Skid:
T —

Number of Trains

S
R )
R
ModulesTrain:

Total Modules:

Operating Flus: -57 LMH

Show UF System Diagram
Recommended Configurations
Min. Tntegrapac ™ 6 | | 2 Max Integrapac™ 6 {Jz
Skid Size Limit: Skid Size Limits
Outi Online | Standby | Total MaxX IModules/ | Skids/ |Modules/| online Totl
ption Offline . " -
Trains | Trains | Trains Skid Train | Train | Modules | Modules
BW/CEB
1 1 0 1 1 5 4 22 23 24 .
2 1 0 1 1 ] 3 24 24 24 Wl
3 1 0 1 1 1z F 24 24 24
4 i 0 i 1 4 z 28 28 28 L
5 2 0 z 1 5 2 1z 34 24
[3 2 1] 2 1 12 1 12 24 24 B
7 2 0 2 1 TS 1 14 28 28 -
o 1 1 2a 2a

Note:

Figure 59. IntegraPac™ sliders in WAVE

WAVE may allow the user to set the Min IntegraPac™ Ultrafiltration Skid Size Limit to be larger than the

Maximum IntegraPac™ Skid Size Limit; however, the Recommended Configurations Table would be empty.

If the user enters a number of modules per skid higher than the maximum IntegraPac™ skid size limit (22), a warning

message will appear.

Q' H

» | UF Example 2 - Surface Water -

[=]@] = |

Filc ¥

Configuration

User Settings Feed Setup Report
=f= Add Chemicsls/Degas

Cases

‘Water Chemistry Adjustments

Home | Feed water | Ultrafiltration | Summary Report |

Help
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UF TOC Rejection
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‘= WAVE Answer Canter

6 Quick Help

¥ ARNPIND

Configuration
Design Options

Selected Configurstion

Standby Optiom: (constent opereting o, varizble sysiem out ¥ IntegraPac™
Skid Design
Storage Tank Option: Backwash + filtrate. Skids/Train:
Modules/Skid:
Module Selection Tatal toarmber
of Skids:

[C] only show modules approved for drinking water applications

DOW™ UF Module | IntegraPac IP-51 -

Humber of Trains

S
sy T3]

Medules/Skid Error

Show UF System Diagram

Recommended Configurati

™ 6

Y yourinput.
Min. TntegraPac

f@) Thevalue entered is outside the allowed range (1 to 22 ). Please revise
L

Skid Size Limit:
. Online | Stand| Torg
Option | rriing Train':‘ Trai oK

1 1 [ 1

2 1 0 1 T - == = =
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Figure 60. Warning message if the number of IntegraPac™
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UF Fluxes and Flowrates

WAVE allows the user to set the following values using text entry boxes.

1. Filtrate flux

2. Backwash flux

3. CEBflux

4. Forward Flush flowrate
5. Airflow

6. CIP Recycle flow rate

www.abpsoil.com

- - —
@ | 14 » | UEExample 2 - Surface Water - . - e —— [
Configuration User Settings Feed Setup Report Help H WAVE Answer Center | g Quick Help

+Md Chemicals/Degas

UF TOC Rejection

g
2
»

Aot
Casss  Water Chemistry Adjustments | RO Special Features | UF Special Features
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Soainar Racovers [ 995 |% Al ces: [ 00| mbarth
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Figure 61. UF Fluxes and Flowrates

WAVE populates the flow rates and fluxes by default based on DuPont Ultrafiltration — General Design
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Design Cycle Intervals and Membrane Integrity Testing

WAVE allows the user to set the cycle intervals for each mode in UF using the number
entry boxes.

1. Filtration Duration - span before interruptions

2. Airscour -span between each successive incidence

3. Acid CEB-span between each successive incidence

4. Alkali/Oxidant CEB- span between each successive incidence
5. CIP-span between each successive incidence

6. Membrane integrity testing

(@ kd » | UE Example 2 - Surface Water - -

H

User Seftings Feed Sstup Report Help  WAVE Answer Center gl Quick Help

=} Add Chemicals/Degas UF TOC Rejection

m Cases Water Chemistry Adjustments =~ RO Special Features UF Special Features

: I Fead Water | Ultrafiltration I___ ]

UF Fead Flow Rate Filration TMP Incraase Between Design {Gross) Flux and Flow Ranes

Automatic: | 45|m’.l'h = s 0.0 mbarfh Recommended Range:

Strainar Specificzton acid CEB: 0.0 mbarfh Filtrzte Flu (for 5.0 C)s 1.00 - 50.00 LMK
Serainar Resovery: 995 % Alkal CEB: mbarth Backwash Flux: 100.00 - 150.00 LK
g Strainer Szs: pm cip: mbarfh CEB Flux: 50.00 - 120.00 LMK
g Module Selaction Forward Flush Flow: 1.34 | 0.00 - 4.75 m*/himadule
=
» [Z] only show modules aparoved for drinking water applications Air Flow: 10.00 - 20.00 Nm?*/h/madule
N e RO
Ca Design Cycie Intervals
e T Gross Filtrate Net Filtrate
To Bockwash value om Air Scoury m'm
id CEB: 336
| | #— CEB 423 mg/L H01 35%: 43.9 U'h Acid CEB :] h
Alkalifvidant CEB: b
44— CHB 230 mal %03 £2% TTI LM CEP d

Backweash pump
Ew 714 mh [ CZE 428 mih
@ 12ber

Membrane Integrity Testing:

oy | S g

Figure 62. UF Cycle intervals

Note: WAVE populates the cycle intervals by default (based on DUPONT™ Ultrafiltration - General Design Guidelines)
and includes limits on the values that can be input by the user.

Membrane Integrity Testing

The integrity of membranes (made into fibers) is periodically tested in most UF systems. While the test itself involves
little water (mostly compressed air), the time taken during the test would affect the timing of all the other modes in UF.
For that reason it is considered in WAVE. It is possible in WAVE to specify if Membrane Integrity Testing is to be
considered and if so, its duration for each train.

Note: By default, WAVE assumes that Membrane Integrity Testing is not considered when looking at the timing of UF
modes of operation.
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Specifying the Filtration TMP Increase between Processes for UF

WAVE makes possible the specification of increases of pressure drop across the UF membrane (trans membrane
pressure or TMP) between successive Backwash, Acid/Alkali CEB and CIP steps per hour.

It will help to estimate the energy needed for ultrafiltration by taking into account solid accumulation/fouling of the UF
membrane during use. By using the appropriate rates of TMP increase and Backwash/CEB/CIP frequencies, one can
incorporate the effect of deteriorating membrane performance between cleanings.

The TMP increase between processes can be accessed as shown.

Notes:

@ | |d » |UFExemple 2 - Surface Water - Lm_LE_'lg
ﬂ R Configuration User Seftings Feed Setup Report Help  WAVE Answer Center | g Quick Help
3°<" :::: Add caca | | |wfAdd Chemicals/Dagas UE TOC Rejection
® bar
@ c 9
@ LH
@ Cases Water Chemistry Adjusiments | RO Special Features = UF Special Features

Canfigarssion

More 3

% ARNPIND

(o

Home | Fesd Water | Ultrafiltration | Summary Report |

Design

UF Feed Flow Rate. Fiftration TMP Increase Between Processes | Design Instantaneous (Gross) Flux and Flow Rates

e '"""h Backwash: 0.0 mbar/h Recommended Range:
Strainer Specification Acid CE8: 0.0| mbar/h Filtrane Flu (for 5.0 °C): 380 1.00 - sno0 L
Strainer Recovery: 995 |% Aleali CEB: mbarfh Backwash Fluc 100.00 - 150.00 LMH

swehersam| 150w : 0.0 mbarfh cmfoc [ 600)6000- 12000
Moduls Selection Forward Fush Flow: 131!0.00 - 475 m¥/himodule
[Z] Only show modules approved fur drinking water applications Air Flow: 120 2000 - 20.00 Hm*/h/module
A e
Intervals
Fews v ST bt

® Bacicwanh value
& == aaamg w0 3 38 Uy
| cum 230 marl. b0 130 773 Lm

Backwash pump
BW FL4mih / CEB 428 m3h
@12k

-3
Velve

|| waste
= Jaimm

o
'Dein Valve

Filtration Duration: mm
Air Seourt m‘m
Acid CEB: E]h
alkalifOxidant CER: b
ae [ enle

Membrane Integrity Testing:

=
Traim: min/day

Figure 63. The Filtration Specification Window in WAVE for UF modeling

« WAVE sets the values for transmembrane pressure drop (TMP) increase with time to zero by default. The useris
urged to use an appropriate value based on data and experience.

« The UF System Diagram is displayed automatically in the Filtration Window and is updated based on the
changes made in other Windows.
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Specifying the Strainer Size and Recovery

WAVE makes possible the specification of Strainer size and recovery (pretreatment for UF). The Strainer Specification
can be accessed as shown.

” - — —
@ | [ » | UFExample 2 - Surface Water - - - -— - - - g - @M
I Configuration User Seftings Feed Setup Report Help 5 WAVE Answer Cenfter il Guick Help
Hnw\’/ @m @ m’:: = o Add Chamicas/Dagas = — R
) oc A\ Adpust Finat pH
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swainer Rocoven: [ 995% wices: [ o0|mbarh Bachusth Fla: 100.00- 150,00 LW
‘g Sursiner Sc!:vln ap: mharfh CEB Pl co.uu - 120.00 LMH
F Wodide Selection Forvward Flush Flou: .00 - 475 m¥/himodule
» [ Only show modules approvad for drinking water applications HirFidan 10.00 - 20.00 Hem*/himedule
- 1P Recycle Fiow Rate: 15| 1+ 4 mefhimedule
o — R
= i Ineervsls
Total UF Trains: & - Gross Filtrate Filtriste
AL e e 57 e | N e 0
o i m—
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|| s ety rocm [ )
s AlkaifOxidant: CEB: "
i = I 230 maiL %00 124 773 LR CiP: d
wnnu’n rg‘,uu man Membrane Integrity Testing:
8 12 ber Offfing Time per
e Vaive

Figure 64. UF Strainer Specification
Note:

The Strainer Recovery is set to 99.5% by default in WAVE. A change in the Strainer Recovery would be
automatically reflected in the filtrate flowrate. However, the rest of the system design is not directly affected.
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3.1.6 Defining the System Configuration

The next window is for definition of the UF Plant Configuration (Figure 65).
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Pressure: () psi (@) bar
Temperature: () °F @ °c Sl
Flux: () gfd @ LMH
Units Cases

| Home | Feed water | Ultrsfiltration | Surnmary Report
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Figure 65. UF Configuration window
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Recommended Configurations

The recommended Configurations table is populated based on the flux, cycle duration and module selection (and
DUPONT™ Ultrafiltration — General Design Guidelines).

@ | kI » | UF Example 2 - Surface Water -

——
File ¥ Configuration User Settings Feed Setup Report Help ' WAVE Answer Centar | g Quick Help
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Standby Option: [mmmhﬂmm 'I Retipliss - T
TS P —
——
e

Module Selection Total Trains: | 1
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Figure 66. Recommended Configuration Table in UF for non-IntegraPac™
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It describes the system design as shown below. Modules/Skid and Skids/Train options can be edited for IntegraPac™

systems.

. —
© | b » | UF Bxample 2 - Surface Water - E=REET)
Configuration User Settings Feed Setup Report Help S WAVE Answer Center | (i Quick Help

= (B i L3
D ogpm @ :;::: Add Case +N:Id Chemicals/Degas | UF TOC Rejection
3 Manage !\_ Adjust Snaf pH
@ LMH
More Cases Water Chemistry Adjustments | RO Special Features | UF Special Features
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Mere . kg Onlinz Trai :l
¥ rans:
B Starage Tank Cption: i/ Ticki¢ :] E]
Standby Trains:
Moduies/Skid: ——
g Hoduis Salaction el Total Trains: | 1|
: b _ =
f [7] only show modules approved for drinking water applications Hodides/Train:
» Tota! Modules: 14|
S
Operating Flox: | 67| L
|Show UF System Diagram
Recommended Configurations
Min. IntegraPec ™ & U — T 22 Max.IntegraPac™ & U 2
Skid Size Limit: Skid Size Limit:
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3 Online | Standby | Total % Modules/ | Skids/ |Medules/| Online Total
Djiting Trains Trains Trains so\,ﬂg';a Skid Train Train Modules Modules
i i a 1 1 -] 4 24 24 24 -
2 2 [1] 1 1 8 3 24 24 24 T
3 i a 1 1 12 2 24 24 24 A
4 1 Q 1 1 14 2 28 28 2 3
5 z [ 3 1 6 2 12 24 24
6 2 Q 2 1 i2 1 12 24 4 B
7 2 1] 2 i 14 i 14 28 28 -
-3 a8 1 1 =1 24 24

Figure 67. Configuration Table in UF for IntegraPac™

Design options that include the number of Modules/Skid and Skids/Train are supplied by WAVE for IntegraPac™

systems.

Note:
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Choosing a Configuration

There are two ways to choose a UF system configuration:

1. Double clicking on one of the rows in the Recommended Configurations Table

2. Directly specifying the number of online trains, BW/CEB standby, CIP standby trains, modules per train, skids
per train (IntegraPac™), modules per skid (IntegraPac™) in the respective input fields in the Configuration
Window in the Ultrafiltration Tab as shown below.

Flux: T gld @ LMK

Units Cases

Water Chemistry Adjustments

RO Special Features

UF Special Features

[ Home | Feed Water | ¢ | Sommany Repart |
Configuration
Design Design Options Selected Configurztion
Standby Dption: Immncuperam-g fiox variable system output v! MR [T
Maore ¢ Crline Trains: i
Storage Tank Option: Backwash + filtrate
Standby Trains: | ]
g Sodude Selection Tol T | 1]
-4 =
2 = :
g 1] Gnly show modules approved for drinking water sppcatans Modules/Train: | L
» Total Modules: | 1]
DOW™ UF Module |Ukrafitration SFR-2660 =
Operaning Flax: | 1462 | LMk
Show UF System Diagram
Recommended Configurations
T ontine [ Standy | Toml | 2% odules/ | Skids! |Modules/| Onfne | Toml |
Option | rrins | Trains | Trains a?mm;"cn;e Skid Train | Train | Modules | Medules
1 i [ i 1 38 ES) ES)
2 2 (2] 2 20 40 40 W
3 3 [ 3 1 14 42 42 -
2 4 [ 4 1 10 4 40 a
5 5 0 s 1 8 40 0 A
£ 5. d'3 3 L £ -8 48
7 7 [ 7 i 3 P 2 |
2 a n a 1 5 a0 P |

@© | kd | UF Example 2 - Surface Water - =g =)
LR Configuration User Settings Feed Setup Report Help 5 WAVE Answer Canter | il Quick Help
H”‘”“:_:::“ ° :j: =} Add Chemicals/Degas UF TOC Rejaction
Prassurs: (sl @ bar
Temperature: () oF @ °C

Figure 68. Direct specification of the UF system configuration in the WAVE Configuration
Window.

Notes:

« By default, WAVE assumes 1online train with zero standby trains and 1 module per train to start the computation.
For IntegraPac™ systems, WAVE assumes by default 1skid per train

o« The Recommended Configurations Table appears in the Configuration Window. The user can choose a specific
configuration by double-clicking on a row in the Table.

o WAVE highlights the selected configuration in the Selected Configuration table in the Configuration Window
but it does not highlights the selection in the Recommended Table. The useris urged to check the entries in
the Selected Configuration section of the Configuration Window (as shown above) to ensure that the right
configuration is specified.
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Specifying Other Design Options
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In addition to flowrates, fluxes, UF mode durations and system configurations, there are additional design options that
can be specified in WAVE (Figure 69 and Figure 70). These options, which affect the size and number of storage tanks,

include:

1. Standby Options

2. Storage Tank Options

=
@ ' I » | UFExample 2 - Surface Water -
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L
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Operating Floz | 22|Lmy

Standby Options

There are two Standby Options:

1. Constant system output, variable operating flux

2. Constant operating flux, variable system output
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Figure 69. Additional UF system design inputs in WAVE (operating mode)
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Storage Tank Options

WAVE automatically selects Storage Tank Option once the Standby Option is selected. There are two options:

1. BW only: There is no storage tank for the filtrate to ensure constant flow to downstream processes. This might
require additional standby modules. Some of the filtrate is siphoned off to be stored for Backwash purposes.

2. BW +filtration: There is a storage tank for the filtrate to ensure constant flow to downstream processes. This
might require fewer standby modules. Some of the filtrate is siphoned off to be stored for Backwash purposes.
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Figure 70. Selection of the Standby option for UF modeling in WAVE

The UF Process Flow Diagram

Based on the information provided in the Design and Configuration Windows, WAVE generated the UF process flow
diagram as shown in Figure 71. It is shown interchangeably with the Recommended Configurations Table. One can
generate the UF System Diagram by clicking on the “Show UF System Diagram” button as shown in Figure 71. The user
can restore the Recommended Configurations Table by clicking on the “Show Recommended Configurations” button as

shown in Figure 71.
As shown in in Figure 71, The UF System Diagram displays:
1. Flowrates (feed, product, Backwash, CIP, air scour, chemicals)
2. Feed water composition (TSS, TOC, NTU, SDI)
3. Number of skids and modules
4. UF module type
5. UF system recovery and strainer recovery

6. Tank sizes (Backwash or Backwash + filtrate, CIP)

Form No. 45-D01378-en, Rev. 5
Page 71 of 226 January 2020



www.abpsoil.com

r
@ | | » | UF Bemple 2 - Surface Water -

—— -
Configuration User Settings Feed Setup Report Help 5 WAVE Answer Canter 16 Quick Help
4 - Acid Chemicals/Degas UF TOC Rejection
P A\ Adjuss Pl i
gid @ LMH
Units Cases Water Chemisiry Adjustments | RO Special Features | UF Special Features
Home | Feed water | Ultrafiltration | Summary Report |
Configuration
Dasign Design Options Selecred Configuration
St=ndby Option: [mwﬁm varizble sysemooutput . v PR
= g S
o Storage Tank Option: Backwash + fiktrate
SO —
g Module Selection Total Trains: | 1]
§ [] ©nly show moduies aperoved for drinking water applications: Modules/Train: [j
» Total Modules: | 1]

DOW™ UF Module | Ultrafilration SFD-2660  w

Opecamgnm-.[ 1462 |LMK

Rex ded C
= Online | Standby | Towml Max |yodules/ | Skids/ |Modules/| Online Total
Opon | yriine | Trains | Trains ngga Shkid Train | Train | Modules | Modules
1 1 a it 1 - - 38 32 ES] -
2 2 0 2 1 20 4“0 40 W
3 F3 a 3 1 14 42 a2z r
4 4 a 2 i 10 40 40
H 5 a 5 L [} 40 < L
5 5 a & L [} 48 a8
7 7 ] 2 L [ 42 2
a Fy n P 1 & an an
r = B
© ' L4 | UF Bample 2- Surface Water - E= e
Configuration User Settings Feed Setup Report Help 7 WAVE Answer Center | gl Quick Help
1 =2 m = cid Chemicals/Degas UF TOC Rejection

A AdstF
s

Cases | Water Chemistry Adjustments RO Special Features | UF Special Features
Home | Feed water | Ultrafiltration | Summary Report |
Configuration
Dasgn Dasign Options Selecred Configuration
Srzndsy Optian: [mwﬁm varizble sysmem vt ¥ Wumiber of Trains
= e
o Storage Tank Option: Backwash + fiktrate
o )
g Module Selection Total Trains: | 1]
§ [] ©nly show moduies aperoved for drinking water applications: Modules/Train: [j
» Total Modules: | 1]

DOW™ UF Module | Ultrafilration SFD-2660  w

Opecamgnm-.[ 1462 |LMK

Gross Nt Filteate
Fiitrabe Valve 43 mijn HTman
—
b Baciowesh welue psg;:
4 o= 423 ma v 3% 20w
4— =5 23 mo neo 1zt 35U
Backwosh pump
Bi¥ 33 mym / CEB 20 MM
@12t
Waste
3
. 0.1 mih
Droin Velve

Figure 71. Generating the UF System Diagram restoring the Recommended
Configurations Table

Notes:
« Specifications in the Configuration or Design Windows.

« The UF System Diagram can be generated from the Design Window as well as the Configuration Window using
the same procedure.

o There would be a CIP Tank even though there may not be a CIP (standby) train.

« When the Backwash (BW), CEB and CIP steps are specified, there would be changes to the UF System Flow
Diagram. These are discussed in more detail in upcoming sections.
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WAVE can technically model a UF system given only the system configuration information given in the two subsections
above (with all other required information supplied by default). However, it is possible to define the different modes of
operation of a UF system (Backwash, CEB, CIP) in more detail in WAVE. The windows for specifying the above are
revealed for use by clicking on the “More” button as shown in Figure 72. They can be hidden again using the “Less”
button as shown in Figure 72.
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Figure 72. Further options to specify a UF system in WAVE

Specifying the Backwash Mode for UF

Backwash (BW) Mode specification includes the following options:

1. Backwash Temperature

2. Backwash Durations

3. Backwash and Forward Flush Water Sources

4. Oxidant Selection and Dose Specification
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Backwash Temperature

WAVE uses the design temperature (specified in the Feed Water Tab) by default (Figure 73).
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Figure 73. Backwash temperature using the design temperature

Backwash Durations

WAVE populates the durations of the multiple steps within the Backwash mode; Air Scour, Drain, Top and Bottom
Backwash, Forward Flush by default based on the feed water type and subtype. However, users can also specify their
own duration values as shown in Figure 74.
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Figure 74. Backwash durations
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Notes:

Currently the effect of different temperatures on the system design (by affecting density/feed pressure) is not
included in WAVE.

Changes to the Top or Bottom Backwash durations would affect the operating flux and would be reflected
automatically in the UF System Diagram.

The WAVE user can specify the Backwash Flux and how far apart the Backwashes are in the Design Window. By
modifying the Top and Bottom Backwash durations, the user can effectively modify the amount of water used
for Backwash. This would be reflected in the UF system recovery.

Modifying the Air Scour and Drain durations would affect the Operating Flux, as these would affect the timing of
the UF system.

Modifying the duration of Forward Flush, with flowrate specified in the Design Window and source specified in
the Backwash Window, affects the Operating Flux and System Recovery.

If the user elects to make the CEB durations the same as Backwash durations (as would be discussed in a later
section), the effects of changes in Backwash durations, duplicated in CEB durations, would be magnified.

Backwash and Forward Flush Water Sources

A WAVE user can choose between the following options for backwash water source:

UF filtrate (product of the UF system being designed in WAVE)

Pretreated water (water that was passed through the Strainer but not the UF modules)

A WAVE user can choose between the same options for Forward Flush water source. The choice can be made as shown

in Figure 75.
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Figure 75. Backwash and Forward Flush water type selection
Note: The effect of choosing different options for Backwash and Forward Flush would be seen after WAVE completes
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Oxidant Selection and Dose Specification

WAVE allows for the addition of an oxidant for more effective cleaning of the UF module during Backwash. This is
separate from the use of an oxidant during CEB. An oxidant can be selected and its dose in the Backwash stream
specified by following the steps below (Figure 76)

1.

Notes:

Click on the “Oxidant” button to activate it. The grey area would turn green. In addition a line feeding Oxidant
to the Backwash line (hamed BW Oxidant) would appear in the UF System Diagram.

Click on the dropdown arrow.

Select the oxidant chemical of interest. The name of the chemical and its concentration in BW Oxidant stream
would be displayed in the UF System Diagram.

Specify the target oxidant concentration in the Backwash stream. The target oxidant concentration in the
Backwash stream would appear in the UF System Diagram.

Click over or tab to move elsewhere in the Backwash Window.
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Figure 76. Specification of an oxidant for Backwash (a) Activating the Oxidant option (b)
Selecting the Oxidant (c) Specifying the oxidant target concentration in the Backwash
stream

The list of oxidants is defined by the user as described in Sections Chemical Library and Adding a New Chemical.

In WAVE, NaOCl would appear as the oxidant chemical by default.

Clicking on the “Oxidant” button a second time would deactivate the input cell and remove the BW Oxidant line
from the UF System Diagram. Setting the target concentration to zero would not remove the BW Oxidant line
from the UF System Diagram.
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Specifying the Chemically Enhanced Backwash (CEB) Mode for UF

This is similar to the specifying the Backwash Mode.

1. CEB Temperature

2. CEB Durations

3. CEBMineral Acid Selection and Dose Specification

4. CEB Organic Acid Selection and Dose Specification

5. CEB Alkali Selection and Dose Specification

6. CEB Oxidant Selection and Dose Specification

CEB Temperature

WAVE uses the design temperature (specified in the Feed Water Tab) by default for CEB (Figure 77).
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Figure 77. UF CEB specification in WAVE, with default temperature highlighted

Note:
not included in WAVE.

Page 77 of 226

Currently the effect of different CEB temperatures on the system design (by affecting density/feed pressure) is

Form No. 45-D01378-en, Rev. 5
January 2020



CEB Durations

WAVE populates the durations of the multiple steps within the CEB mode; Air Scour, Drain, Top and Bottom Backwash,
Forward Flush by default based on the feed water type and subtype. However, users can also specify their own duration

values as shown in Figure 78.
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Figure 78. UF CEB durations specification in WAVE

Notes:

« Once the CEB durations are specified to be the same as Backwash durations, any changes in Backwash durations

are automatically reflected in CEB durations.

« Changesto the Top or Bottom Backwash durations would affect the operating flux and would be reflected

automatically in the UF System Diagram.

« The WAVE user can specify the CEB Flux and how far apart the CEBs are in the Design Window. By modifying the
Top and Bottom Backwash durations, the user can effectively modify the amount of water used for Backwash.

This would be reflected in the UF system recovery.

« Modifying the Air Scour and Drain durations for CEB would affect the Operating Flux, as these would affect the

timing of the UF system.

« Modifying the duration of Forward Flush, with flowrate specified in the Design Window and source specified in

the Backwash Window, affects the Operating Flux and System Recovery.
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CEB Mineral Acid Selection and Dose Specification

WAVE allows for the addition of a mineral (i.e. inorganic) acid for CEB. This is done by following the steps below (Figure

79):

1. Click on the “Mineral Acid” button to activate it. The grey area would turn green. In addition a line feeding CEB
Acid to the Backwash line (named CEB Acid) would appearin the UF System Diagram.

2. Click on the dropdown arrow.

3. Select the mineral acid of interest. The name of the chemical and its concentration in CEB Acid stream would
be displayed in the UF System Diagram.

4. Specify the target pH for pH reduction in the CEB stream (if the ionic composition of the feed water s
available) or target mineral acid concentration in the CEB stream. The target mineral acid concentration in the
CEB stream would appear in the UF System Diagram.

5. Click over ortab to move elsewhere in the CEB Window.

Specification of a Mineral Acid for CEB (a) Activating the Mineral Acid option (b) Selecting the Mineral Acid (c)
Specifying the target pH or concentration in the CEB stream
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Figure 79. Specification of a Mineral Acid for CEB (a) Activating the Mineral Acid option (b)
Selecting the Mineral Acid (c) Specifying the target pH or concentration in the CEB stream
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LSI and S&DI Entry during Acid Addition in CEB

If ionic composition is not defined on the feedwater screen, the LSI cell will be blank. Otherwise, if ionic composition is
defined, the LSl cell as a pH value is specified (Figure 80). The LSI (Langelier Saturation Index) is an indicator used to
determine the need for calcium carbonate scale control. This is important in UF because UF is usually a pretreatment for
RO feed. The LSl is applicable for water streams containing up to 10,000 mg/L of total dissolved solids. For water streams
containing greater than 10,000 mg/L of total dissolved solids, the Stiff & Davis Stability Index (S&DI) is preferredFigure 82).

Changes in Mineral Acid input in CEB with no lonic Composition
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Figure 80. Changes in Mineral Acid input in CEB with no lonic Composition
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Changesin Mineral Acid input in CIP with feed
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TDS < 10,000 mg/L
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Figure 81. Changes in Mineral Acid input in CIP with feed TDS < 10,000 mg/L

Changes in Mineral Acid input in CIP with feed

TDS >10,000 mg/L
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Figure 82. Changes in Mineral Acid input in CIP with feed TDS < 10,000 mg/L
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Notes:

The list of mineral acids is defined by the user as described in Sections Chemical Library and Adding a New
Chemical.

The target pH in the CEB stream for pH reduction (if the ionic composition of the feed water is available) or
target mineral acid concentration in the CEB stream interconvert automatically, i.e. if the user initially did not
have ionic composition data and entered target mineral acid concentration, but later enters some ionic
composition data, the target mineral acid concentration is converted to a corresponding pH and vice versa.

If the “Mineral Acid” button is activated, WAVE would require selection of 3 mineral acid and a corresponding
pH/target concentration.

Clicking on the “Mineral Acid” button a second time would deactivate the input cell and remove the CEB Acid
line from the UF System Diagram. Setting the target concentration to zero would not remove the CEB Acid line
from the UF System Diagram.

CEB Organic Acid Selection and Dose Specification

WAVE allows for the addition of an organic acid for CEB. This is done by following the steps below (Figure 83):

1

Click on the “Organic Acid” button to activate it. The grey area would turn green. In addition a line feeding CEB
Organic Acid to the Backwash line (nhamed CEB Organic Acid) would appear in the UF System Diagram.

2. Click on the dropdown arrow.
3. Select the organic acid of interest. The name of the chemical and its concentration in CEB Organic Acid stream
would be displayed in the UF System Diagram.
4. Specify the target organic acid concentration in the CEB stream. The target mineral acid concentration in the
CEB stream would appearin the UF System Diagram.
5. Click over or tab to move elsewhere in the CEB Window.
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Figure 83. Specification of an Organic Acid for CEB: Activating the Organic Acid option;
Selecting the Organic Acid and Specifying the target concentration in the CEB stream
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Notes:

The list of organic acids is defined by the user as described in Sections Chemical Library and Adding a New
Chemical.

If the “Organic Acid” button is activated, WAVE would require selection of an organic acid and a corresponding
target concentration.

Clicking on the “Organic Acid” button a second time would deactivate the input cell and remove the CEB
Organic Acid line from the UF System Diagram. Setting the target concentration to zero would not remove the
CEB Organic Acid line from the UF System Diagram.

CEB AlKkali Selection and Dose Specification

WAVE allows for the addition of an alkali for CEB. This is done by following the steps below (Figure 84):

1

Click on the “Alkali” button to activate it. The grey area would turn green. In addition a line feeding CEB Alkali
to the Backwash line (named CEB Alkali) would appear in the UF System Diagram.

Click on the dropdown arrow.

Select the alkali of interest. The name of the chemical and its concentration in CEB Alkali stream would be
displayed in the UF System Diagram.

Specify the target alkali concentration in the CEB stream. The target alkali concentration in the CEB stream
would appearin the UF System Diagram.

Click over or tab to move elsewhere in the CEB Window.
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Figure 84. Specification of a Alkali for CEB (a) Activating the Alkali option (b) Selecting the Alkali
concentration (c) Specifying the target pH in the CEB stream
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LSl and S&DI Entry during Alkali Addition in CEB

One can note the appearance of the LS| cell as a pH value is specified (note the difference between Figure 85 and
Figure 86). The LSl is applicable for water streams containing up to 10,000 mg/L of total dissolved solids (Figure 86). For
water streams containing greater than 10,000 mg/L of total dissolved solids, the S&DI is preferred (as seen in Figure 88).

CEB Water quality in Alkali input in CEB with feed with no ionic composition
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Figure 85. CEB Water quality in Alkali input in CEB with feed with no ionic composition

Changes in Alkali input in CEB with feed TDS <10.000 mg/L
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Figure 86. Changes in Alkali input in CEB with feed TDS < 10.000 mg/L
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Changes in Alkali input in CIP with feed TDS > 10,000 mg/L

Notes:
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Figure 87. Changes in Alkali input in CIP with feed TDS > 10,000 mg/L
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The list of alkali chemicals is defined by the user as described in Sections Chemical Library and Adding a New
Chemical.

The target pH in the CEB stream for pH reduction (if the ionic composition of the feed water is available) or
target alkali concentration in the CEB stream interconvert automatically, i.e. if the user initially did not have ionic
composition data and entered target alkali concentration, but later enters some ionic composition data, the
target alkali concentration is converted to a corresponding pH and vice versa.

If the “Alkali” button is activated, WAVE would require selection of an alkali and a corresponding pH/target
concentration.

Clicking on the “Alkali” button a second time would deactivate the input cell and remove the CEB Alkali from the
UF System Diagram. Setting the target concentration to zero would not remove the CEB Alkali line from the UF
System Diagram. (c)

CEB Oxidant Selection and Dose Specification

WAVE allows for the addition of an oxidant for CEB. This is done by following the steps below (Figure 88):

1.

Page 85 of 226

Click on the “Oxidant” button to activate it. The grey area would turn green. In addition a line feeding CEB
oxidant to the Backwash line (named CEB Oxidant) would appear in the UF System Diagram.

Click on the dropdown arrow.

Select the oxidant of interest. The name of the oxidant chemical and its concentration in the CEB Oxidant
stream would be displayed in the UF System Diagram.

Specify the target oxidant concentration in the CEB stream. The target oxidant concentration in the CEB
stream would appear in the UF System Diagram.

Click over or tab to move elsewhere in the CEB Window.
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Figure 88. Specification of an Oxidant for CEB (a) Activating the Oxidant option (b) Selecting the
Oxidant (c) Specifying the target pH or concentration in the CEB stream

Notes:

« The list of Oxidants is defined by the user as described in Sections Chemical Library and Adding a New
Chemical.

« If the “Oxidant” button is activated, WAVE would require selection of an oxidant and a corresponding target
concentration.

« Clicking on the “Oxidant” button a second time would deactivate the input cell and remove the CEB Oxidant line
from the UF System Diagram. Setting the target concentration to zero would not remove the CEB Oxidant line
from the UF System Diagram.

Specifying the Clean-In-Place (CIP) Mode for UF

This is similar to the specifying the Backwash and CEB Modes.

1. Number of Backwash (BW) steps within a CIP

2. CIP Source Water

3. CIP Recycle Flowrate

4. CIP Temperature
5. CIP Durations

6. CIP Mineral Acid Selection and Dose Specification

7. CIP Organic Acid Selection and Dose Specification

8. CIP Alkali Selection and Dose Specification

9. CIP Oxidant Selection and Dose Specification
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Number of Backwash (BW) steps within a CIP

The most thorough cleaning for a UF module requires the clean in place (CIP) process. The unit operations of a CIP

involve:
1. Aninitial Backwash sequence
2. Soak and Backwash for each chemical used

3. The number of Backwashes for the CIP can be specified as shown in .
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Figure 89. The CIP specification window for UF modeling in WAVE

Note: By default, WAVE includes 2 backwashes within a CIP
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CIP Source Water

A WAVE user can choose between the following options for CIP water source:

UF filtrate (product of the UF system being designed in WAVE)

Pretreated water (water that was passed through the Strainer but

The choice can be made as shown in Figure 90.

not the UF modules)
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Figure 90. The CIP Water Type specification window for UF modeling in WAVE

Notes:
the UF calculations.
o The default source water for CIP is UF Filtrate.
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The effect of choosing different options for Backwash and Forward Flush would be seen after WAVE completes

Form No. 45-D01378-en, Rev. 5
January 2020



www.abpsoil.com

CIP Recycle Flowrate

CIP chemicals are circulated (recycled) through the UF fibers and housing to clean the system. This flowrate can be
specified in the "Design™ window as shown in Figure 92. From the recycle flow rate and duration, the user can calculate

the volume of CIP chemicals needed per module.
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Figure 91. The CIP Recycle Flow Rate modification

Notes:

L]
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2 m3/h/module is used as the default CIP recycle flowrate in WAVE. It is limited between 1and 4.

The effect of changing the CIP recycle flowrate is seen after WAVE models the UF system.
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CIP Temperature
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The CIP solution can be heated to improve its effectiveness at removing contaminants from the UF membrane. It has
the same limits as CEB temperature (1-40°C). It can be specified as shown in Figure 92.
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Figure 92. The CIP temperature specification window for UF modeling in WAVE

Note:
not included in WAVE.

Page 90 of 226

Currently the effect of different CIP temperatures on the system design (by affecting density/feed pressure) is
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CIP Durations

Three durations can be defined for CIP in WAVE (as shown in Figure 93):

1
2.

Note:

Page 91 of 226

Chemical Soaking duration - the amount of time the UF module is soaked in each chemical during CIP
Heating Step duration - the amount of time taken daily to heat the CIP chemicals from the UF system design
temperature up to the CIP temperature (to calculate energy consumption)

CIP Recycle duration - the amount of time during which the CIP solution is circulated through the UF module
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Figure 93. The CIP duration specification window for UF modeling in WAVE

Additional energy will be required to maintain the CIP temperature; however, that is outside the scope of WAVE.
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CIP Mineral Acid Selection and Dose Specification

WAVE allows for the addition of a mineral (i.e. inorganic) acid for CIP. This is done by following the steps below (Figure

94):

1. Click on the “Mineral Acid” button to activate it. The grey area would turn green.

2. Click on the dropdown arrow.

3. Select the mineral acid of interest.

4. Specify the target pH for pH reduction for CIP (if the ionic composition of the feed water is available) or target
mineral acid concentration in the CIP stream.

5. Click over or tab to move elsewhere in the CIP Window.
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Figure 94. Specification of a Mineral Acid for CIP (a) Activating the Mineral Acid option
(b) Selecting the Mineral Acid (c) Specifying the target pH in the CIP stream
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LSI and S&DI Entry during Mineral Acid Addition in CIP

The LSl value cell appears as a pH value is specified (note the difference between Figure 95 and Figure 96). The LSI
(Langelier Saturation Index) is an indicator used to determine the need for calcium carbonate scale control. The LSl is
applicable for water streams containing up to 10,000 mg/L of total dissolved solids (TDS). For water streams containing
more than 10,000 mg/L of TDS, the Stiff & Davis Stability Index (S&DI) is preferred (as seen in Figure 97).
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Figure 95. CIP Water quality in Mineral Acid input in CIP with feed with no ionic composition

Page 93 of 226

@ | |d » | UF Eample 2 - Surface Water - frenirEh
. S e i -
Filt v Configuration User Settings Feed Setup Report Help T WAVE Answer Center 1 Quick Help
2 () gpm ?" :}:”: = acid Chemicals/Degas UF TOC Rejection
@) bar - -
@ c A\ Aciust Finst pH
(@ LMH II
Cases Water Chemistry Adjustments RO Special Features  UF Special Features
don | Summarny Report |
f cip
CIP Temperature i
o
- BW Cycles within 2 CIP: 2 |
Configuration Recycle Temparature: 50 e |
CIP Wister Type: [UF Filtrate
Backwash b |
o] D | s L) e [oee |
- Adduenal |
E Senings Hel (35) ~ | |
» Less o o _ |
r PH: ( | ] | Lsi: 95| |
|
Durations
Module:
i i Grias Filrate
it e s vetve ST 00 w3 Chemical Soaking: 50| min
Opersting Flux: 78 U4H pre——p
Fredii L s besing s 9] mi
Feed W Yot
Errage Fomt P 2648 mith Recyde: 30| min
TS5; 0.0 mgll
TOC: 0.0maL
Turbidty: 0.5 WU -
Fetd Pump i
1 Hax 277 ¥y B pump
B 924 m3/h | CEB S5.4 my/h
| @120
Waste
. 58 mih
Dirzin Valve

Figure 96. Changes in Mineral Acid input in CIP with feed TDS < 10,000 mg/L
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Notes:
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Figure 97. Changes in Mineral Acid input in CIP with feed TDS > 10,000 mg/L

« The list of mineral acids is defined by the user as described in Sections Chemical Library and Adding a New

Chemical.

« The target pH in the CIP stream for pH reduction (if the ionic composition of the feed water is available) or
target mineral acid concentration in the CIP stream interconvert automatically, i.e. if the user initially did not
have ionic composition data and entered target mineral acid concentration, but later enters some ionic
composition data, the target mineral acid concentration is converted to a corresponding pH and vice versa.

« If the "Mineral Acid” button is activated, WAVE would require selection of a mineral acid and a corresponding
pH/target concentration.

« Clicking on the “Mineral Acid” button a second time would deactivate the input cell
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CIP Organic Acid Selection and Dose Specification

WAVE allows for the addition of an organic acid for CIP. This is done by following the steps below (Figure 98):
1. Click on the “Organic Acid” button to activate it. The grey area would turn green.
2. Click on the dropdown arrow.
3. Select the organic acid of interest.
4. Specify the target organic acid concentration in the CIP stream.

5. Click over or tab to move elsewhere in the CIP Window.

© b v Uitedboge el (=] i

Configuration User Setdings Food Sofup Report Help T WAVE Areswer Confor 6 ik 1y

= @ uijh
D fd
@ ber -
@ oo Manzge || [ A Adjust Final oH RO TOC Relection
@ 1 I
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Figure 98. Specification of an Organic Acid for CIP (a) Activating the Organic Acid option
(b) Selecting the Organic Acid (c) Specifying the target concentration in the CIP stream
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CIP AlKkali Selection and Dose Specification

WAVE allows for the addition of an alkali for CIP. This is done by following the steps below (Figure 99):

1
2.
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Click on the “Alkali” button to activate it. The grey area would turn green
Click on the dropdown arrow.

Select the alkali of interest.

Specify the target alkali concentration in the CIP stream.

Click over or tab to move elsewhere in the CIP Window.
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Figure 99. Specification of Alkali for CIP (a) Activating the Alkali option (b) Selecting the

Alkali (c) Specifying the target pH in the CIP stream

Form No. 45-D01378-en, Rev. 5

January 2020



www.abpsoil.com

LSI and S&DI Entry during Alkali Addition in CIP

One can note the appearance of the LSI cell as a pH value is specified (Figure 100 and Figure 101). The LSl is applicable
for water streams containing up to 10,000 mg/L of total dissolved solids (Figure 102). For water streams containing
greater than 10,000 mg/L of total dissolved solids, the S&DI is preferred (as seen in Figure 102).

[ T IUnﬁHEgWaﬁaq{;-f:‘é@ji
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Figure 100. CIP Water quality in Alkali input in CIP with feed with no ionic composition
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Figure 101. Changes Changes in Alkali input in CIP with feed TDS < 10,000 mg/L
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Figure 102. Changes in Alkali input in CIP with feed TDS > 10,000 mg/L

Notes:

Chemical.

The list of alkali chemicals is defined by the user as described in Sections Chemical Library and Adding a New

The target pH in the CIP stream for pH reduction (if the ionic composition of the feed water is available) or

target alkali concentration in the CEB stream interconvert automatically, i.e. if the user initially did not have ionic
composition data and entered target alkali concentration, but later enters some ionic composition data, the
target alkali concentration is converted to a corresponding pH and vice versa.

concentration.
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If the “Alkali” button is activated, WAVE would require selection of an alkali and a corresponding pH/target

Clicking on the “Alkali” button a second time would deactivate the input cell.
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CIP Oxidant Selection and Dose Specification

WAVE allows for the addition of an oxidant for CIP. This is done by following the steps below (Figure 103):

1. Click on the “Oxidant” button to activate it. The grey area would turn green.

2. Click on the dropdown arrow.

3. Select the oxidant of interest.

4. Specify the target oxidant concentration in the CIP stream.

5. Click over or tab to move elsewhere in the CIP Window.

5 WAVE Answer Center 6 Quick Help

& mih c o 20 Chemicats Degar UF TOC Rajestion
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Figure 103. Specification of Oxidant for CIP (a) Activating the Oxidant option (b) Selecting the
Oxidant (c) Specifying the target concentration in the CIP stream

UF System Diagram for CIP

The UF System Diagram is displayed in the CIP Window as shown in Figure 92 and Figure 103. Currently, the CIP changes
would not be reflected in the UF System Diagram.
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3.1.8 Specification of Additional UF Equipment Settings

In addition to the various ultrafiltration modes and the system configuration, WAVE allows the user to specify the

following additional parameter values (as shown in Figure 104):

r
@ | |4 » | Untitled Project - Case 1

User Settings Feed Sstup Report

Filk = Configuration
Flow: ﬂ E :42 - Add Chemicals/Degas
Pressure: | psi (@ bar
Temperature: () °F @ °C s P
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[ Home | Feed water | 1 [ Summary Report |
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Additional Settings

Help = WAVE Answer Center e Quick Help.
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used for pump sizing
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O |
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Eackuash Only Tank Rafil Rate: 8] % of fitraca ow

Tank Size Factor
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BV Only Tank: wn] 9% of computed minimum
CIP Tank: 200 | % of module volume

Figure 104. Additional equipment specifications for UF modeling in WAVE
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Pressure Settings

WAVE allows the user to specify the following:

1. Maximum Air Scour Pressure

2. Filtrate Pressure

3. Filtration Piping Pressure Drop

4. Strainer Pressure Drop

5. Backwash Piping Pressure Drop

6. CIP Piping Pressure Drop

© | | »  UFExsmple 2 - Surface Water - [
ey Configuration User Settings Feed Setup Report Help & WAVE Answar Canter | Quick Help I
Fos! ':E °f ::;: = 4dd Cremicaiz/Degas UF TOC Rejection
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Backwash Piging Prassure Drop: [jpw
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used for pump sizing
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ke [ 0] sk e
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PLC Power Requirement per Traini 0] kw
Vahve Power Requirement per Vahat | 0.0 kv

Valves
Valves par Train: [ 5
Valve Opan/Close Action Duration: 0|8

Figure 105. Additional equipment specifications for UF modeling in WAVE

Specifying these values allows the user to better approximate the energy requirement for the system operation.

Notes:

« Default filtrate pressures and piping pressure drops are 0.5 bar in WAVE for UF modeling.

o The default Maximum air scour pressure is 2 bar.
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Power (Control Equipment Energy Consumption)

The UF control system contains multiple controllers, most of which would consume energy to operate. WAVE makes
possible specification of the controller and valve power consumption as shown in Figure 106.

.
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Tank Storage Paramaters
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Sackwash Only Tank Refill Rate: 0 | % of filtrate flow

Tank Size Factor
BW = Filtrate Tank: 100 | % of computed minimum
BV Only Tank: [—wu] % of computed minimum
CIP Tank: 200 | % of medule volume

Figure 106. Additional equipment specifications for UF modeling in WAVE

Notes:
« The default PLC power requirement per train in WAVE for UF is 0.5 kW

« The default valve power requirement per train in WAVE for UF is 0.0 kW
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Valve Timing

The valve open/close action durations of the multiple valves opening and closing in WAVE would affect the timing of

downstream steps and are thus included in the WAVE UF modeling as shown in Figure 107.

Note:
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WAVE assumes 6 valves per train and a valve open/close action duration of 10 seconds by default.
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Figure 107.

Additional equipment specifications for UF modeling in WAVE

Form No. 45-D01378-en, Rev. 5
January 2020



Specification of Tank Sizes
WAVE makes possible the specification of actual tank sizes vs calculated minima in the Tanks Window as shown in

Figure 108.
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Figure 108. Tank specifications for UF modelling in WAVE

This includes:
1. Tank storage times and refill rates
By specifying how long the chemicals used are stored, given the rate of chemical consumption, WAVE

can estimate the size of the chemical tanks.
In addition, given the Backwash tank refill rate, and the calculated Backwash flowrate, WAVE can

calculate the size of the Backwash tank

2. Tanksize factors
WAVE allows the user to specify how big a safety factor for the tanks the user needs as shown in
Figure 108. Any changes to these entries would result in recalculation of the tank volumes shown in

the UF System Diagram.
- Forthe BW or BW+Filtrate tank, WAVE defaults to a value of 100% of the computed minimum
tank size. This is based on an analysis of the flows into and out of the tank. A value <100% means

the tanks could be undersized and a value of >100% provides a safety margin.

-  WAVE defaults to a CIP tank which is 200% of the module volume to be cleaned: 100% is the
volume to fill the modules with cleaning solution, while the remaining 100% is assumed to fill

the tank, pump, or pipes.

Note: A larger refill rate (larger % of filtrate flow directed to the tank) would fill up the tank faster.
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3.2 ULTRAFILTRATION - FINAL CALCULATION AND REPORT GENERATION

Once the system design inputs are available in WAVE, WAVE can be run to model the system. The details of the
following actions that can be performed to generate, modify and handle the reports are described below:

3.2.1 Generation and Understanding of S

ummary report

Once all the required inputs are in place in the Ultrafiltration Tab, the UF system can be simulated by clicking on the
“Summary Report” Tab to generate the Summary Report and the “Detailed Report” button as shown in Figure 109.
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Figure 109. WAVE simulation and report generation for UF

In the Summary report the UF system diagram and some key output are described as shown below.
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This table provides an overview of the UF system.

Ultrafiltration

UF System Overview

Module Type

# Trains

# Modules

System Flow Rate  (m3/h)
Train Flow Rate (m3/h)
UF System Recovery (%)
T™MP (bar)

Utility Water

IntegraPac IP-51XP

Online = 1

Per Train = 14

Gross Feed = 36.35

Gross Feed = 36.35
91.24

0.43 @4.0°C

Forward Flush:  Pretreated water

Standby = 0

Total = 14

Net Product = 33.00

Net Product = 33.00
0.31 @ 15.0°C

Backwash:  UF filtrate water

UF operating conditions are also specified, as presented in the table below (Results may vary depending on specific
operating conditions).

UF System Overview

Madule Typ=

# Trains

# Madules

System Flow Rate  {m3/h)}
Train Flow Rate {m3/h}
UF System Recovery (96)
TMP {bar)

Liility Water

IntegraFlux SFP-2E80XP

Online = 3
Par Train = 12
Grass Fead = 207.22
Graoss Fesd = £9.07
97
0.75 @ 5.0=C

Forward Flush:  Pretrested water

Standby = o
Total = i)
Met Product = 200.00
Met Product = &6.67
0.57 @ 15.0 =C
Backwash:  UF filirate water

These tables provide a quick view of the UF water quality.
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UF Water Quality
Source Wastewater (4.0 - 20.0 °C)
Expected UF
Feed Product Water

Quality

Temperature (eC) 15.0 15.0

Turbidity (NTU) 5.9 <01

Organics (TOC) (mg/L TOC) 3.0 2.7

pH 7.2 7.2

UF Design Warnings

None
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3.2.2 Generating and Understanding the UF Detailed Report

UF Detailed Report can be generated as shown below.
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# Trains Online = 3 Standby = o
# Modules Per Train = 12 Total = 36
System FlowRate  (m?/h} Gross Feed = 207.22 Net Product = 200,00
Train Flow Rate {m3/h) Gross Fead = £9.07 Net Product = 66.67 ¥

Figure 110. Generation of Detailed Reports in WAVE
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Detailed Report Components are shown below. (Results may vary depending on specific operating conditions.)

UF System Overview

UF Water Quality

Module Type IntegraFlux SFP-2380XP
#Trains Online = 3 Standby = 1]
#Modules PerTrain= 12 Total= 36
System Flow Rate  [m*/h) Gross Feed = 207.22 Net Product = 200.00
Train Flow Rate [m*h) Gross Feed = 69.07 Net Product = BE.67
UF System Recovery [3) 97
TMP [bar) 0.75@5.0°C 0.57 @15.0°C
Utility Water Forward Flush: Pretreated water Backwash: UFfiltrate water
UF Operating Conditions
Duration Interval Fluse/Flow
Filtration: 50.0min 53.6 min -
Instantanecus
3 Online Trains B0LMH
3 Total Trains B0LMH
Average T4 LMH
Net J2ZLMH
Backwash 3.6 min 53.6 min 100 LMH
Acid CEB 16.3 min 336hr &0 LMH
Alkali CEB 16.3 min 168 hr &0 LMH
CIP 3132.3 min S0day 1.50m*/h
Membrane Integrity Testing 0.0min 24 hr -

Source Surface Water [5.0-40.0 °C)
Feed Expected UF Product
Water Quality

Temperature [=c) 15.0 15.0
Turbidity (NTU) 15.0 201

TS (mg/L) 20.0 -
Organics [TOC) [mg/LTOC) 5.0 45

50l (38/min) 50 225

oS (mg/L) 130 193

pH 7.2 7.2

UF Configuration Options

Standby Option:

Storage Tank Option:

‘Constant module flux, variable plant
filtrate flow

Storage Tank sized to maintain constant
net filtrate flow

Forward Flush Water Source:
BW,/CEB Water Source:
CIP Water Source:

Pretreated water
UFfiltrate water

UFfiltrate water

UF System Size and Module Details

Trains

Module Details

MName: IntegraFlux 5FP-2EB0XP

Online Trains.
Standby Trains
Mazx Offine Trains
Total Trains.
Modules/Train
Total Medules

Membrane Area
Length

Diameter

Wk oo w

Weight [empty)
Weight [water filled)

W
@R

Water Volume

77m?
2.360m
0.225m

Elkg
100kg
38.0L

B29ft*
92.9in
8.9in
1241b
22016
10.3 gal
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UF Flow Details

UF Flow Details

Stream Peak Flow Average Flow
Feed [Gross) {m*/h} 2218 207.2
Feed Water Used for [m*fh}
Pretreatment [m*h) 10
Forward Flush & Process Streams [m*h) 10
Feed [Net) [m2/h} 2208 205.2
Filtrate [Gross) [m*h) 220.8 205.2
Filtrate Used for Cleaning [m*h) 5.2
Filtrate [Net) [m*fh} 200.0
Air (N m*/h) 1440
Backwash [BW) [m*h) 92.4
Forward Flush Flowrate [m*h) 240
CEB 1 [Acid) {m*/h} 55.4
CEB 2 [Alkali and/or Oxidant) [m*h) 55.4
CIP Recycle {m*/h} 18.0
(CEB HCI [25%) Metering Pump Lk} 5E.8
CEB NaOCI[12%) Metering Pump Lk} 100.0
CIP HCI [35%) Metering Pump Lk} 18.5
CIF Oxalic Acid[100%) Metering Pump Lk} 138.5
CIF NalH [30%) Metering Pump Lk} 139
CIF NaQCl[12%) Metering Pump Lk} 259.7
Footnotes:

*Maximum possible flow rate

UF Pump Hydraulics and Electrical Cost

Pump Peak Flowrate Average Mechanical Electrical Energy Cost
Pressure Power Power
[m#/h) (bar) (kew) (kw) (kWh/d) 1S/d)
Feed 22183 207 11.88 16.15 387.59 3483
Backwazh 92.40 1.21 3.10 422 E.65 0.51
CEB 55.44 073 112 152 0.m 0.00
HCI (35% ) Metering Pump 0.06 0.00 0.00
NalCl(12%) Metering Pump 0.10 0.00 0.00
CIF 13.00 0.50 0.25 0.34 0.02 0.00
HCI (35% ) Metering Pump 0.02 0.00 0.00
Ocalic Acid[100%) Metering 0.19 0.00 0.01
Pump
NaOH (30%) Metering Pump 0.01 0.00 0.00
NalCl(12%) Metering Fump 0.26 0.00 0.01
CIP Solution Heating 0.00 0.00 0.00
Air Compressor 144 .00 2.00 5.23 11.37 511 0.46
Electrical Valves 0.00 0.00 0.00
PLCand Instrumentation 150 36.00 3.24
Total Electrical Cost 43439 39.10
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UF Pressure Ratings

Process T T™MPR Fouling | Piping AP |Filtrate | Feed Pres. oK
Max AP Pressur | Pres.® | Rating
e
q (bar) (bar) (bar) (bar) | (bar) | ([bar
Filtration
Minimum Temp. 5.0 0.75 0.00 133 0.50 259 6.25 '
Design Temp. 15.0 0.57 0.00 1.00 0.50 207 6.25 v
Maximum Temp. 40.0 0.32 0.00 0.57 0.50 1.40 475 '
BW 15.0 071 0.00 0.50 121 6.25 '
CEB 15.0 0.43 0.00 0.30 073 6.25 v
CIP 15.0 0.50 0.50 6.25 v
Footnotes:

* At actual, average flux

®Sum of TMP, fouling AP, piping AP and filtrate pressure. Does not include pressure drop at the strainer.

®Comparison of Feed Pressure to Pressure Rating—a conservative comparison due to piping losses between the feed pump

and module inlet.

Pressure drops are based on user inputs. Default values should not be used for pump sizing

UF Storage Tanks

Name Bulk Conc. Minimum Recommended Volume
(%) (m?)
Water" 33
CIP Tank 1
Chemical Storage®
Hydrochloric Acid [HCI) 35% 0.006
Oxalic Acid (C20sHz) 100% 0.010
Sodium Hypochlorite [NaOCl) 12% 0.033
Sodium Hydroxide [NaOH) 20% 0.001

Footnotes:

* Storage tank sized to maintain constant net filtrate flow

®The mimimum recommended volume for chemical storage tanks is sized for 30 days of storage.
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UF Design Warnings

Neone

www.abpsoil.com

Filtration Mode and Backwash Parameters

Operating Steps

1 2 3 4 5 & 7 2 -

Steps Forward |Filtration | Air Inlett Drrain Forward | Filtration Stop
Flush at Mode 1 2 Flush Mode
Start-up? {F/F)

Pump and Valve
Conditions

Feed o o o o
Pump
Backwash o o
Pump
Chem.
Dosing
Pump®
CEB
Dosing
Pump
CIP
Recycle
Pump
Feed o o o o
Valve
Filtrate o
Valve
Conc. o o o o o
Valve
Backwash o o
Inlet
Valve
Drain o o
Valve
AirInlet o
Valve

Duration | ~2.0-3.0 | 50.0min. 20s= 30s 30s 30s 45 50.0 min.
min.
Flow Rate | 2.0m%h | 80LMH 120N By gravity | 100 LMH | 100LMH [2.0m*/h| 80LMH
m*h

Remarks

1. The filtration mode follows Steps 2-3-4-5-6-7-8. Backwash can be repeated several times according to the
fouling degree of UF membrane modules.

2. The valve opening and closing time for each process step should be considered when programming is
designed.

3. "o"=valve or pump is opened or operating.

* Use of chemical dosing pump during backwash iz based on feed water source and quality. Refer to DOW UF
Design Guidelines.

® Forward flush flow rate displayed on per-module basis.

#Use of air scour and frequency iz based on feed water source and quality. Air flow rate displayed on per-
module basis.

#May need to waste a portion of permeate to remove residual chemicals, depending on design and
application.

*Iftaken out of operation, add preservative and close all valves. Stop should cccur only after backwash.
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CEB Parameters

1 2 3 4 5 & 7 B 9 10 1 1
Operating | Steps | Filtration |airindet® | Drain  |Backwash |Backwash | Soak | Airindet® | Drain | Bsckwesh | Backwesh | Forward | Filtration
Steps Mode 1 z 1 2 Flush [F/F}*| Mode
Feed L] L] L]
Fump
Backwazh L] L] L] L]
Fump
chem.
Dosing
Fump
CEB o o
Dosing
Pump®
CIP
Recyde
Fump
Feed L] L] L]
Valve
Pumpand | Fitrate o o
valve valve
Conditions
conc. o o o o o o o
Valve
Backwazh L] L] L] L]
Inlet Valve
Drain L] L] L] L]
Valve
A Indet L] L]
Valve
Duration | 50.0 min. 205 305 305 305 10,0 min. 205 305 305 305 453 50.0 min.
Flow Rate | BOLMH | 12.0N |Bygravity | S0LMH | 60LMH |0.0m*h | 120N By 100LMH | 100LMH | 20m%h | S0LMH
m/h mfh | gravity
1. Frequency of i feed water q y. Refer to DOW UF Design Guidelines.
Remarks (2. Fora CEE, follow Steps 2-3-4-5-6-7-5-8-10-11.
3. "o" =valve or pump is opened or operating.
i v ing Ibased on feed water d quality. Refer to DOW UF Design Guidelines.
& pir flow dispiayed on p dule basi
Footnotes | = Forward flush flow displayed on p dule bask
2 May need to waste 3 portion of dual ¥ design
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CIP Parameters

Steps  |Filtration

ir

www.abpsoil.com

Soak®

ciP

11

Aush
[

Pump and | Fittrate o
valve valve

conc.
valve
Backwazh
Indet
valve
Drain
valve
A Indet
valve

1. Frequency of CIP is 1-3 months, adjusted according to operating conditions.

2. Start CIP with bac

Remarks |3. CIP iz done manually.

4. "o" = valve or pump is opened or operating.

Footnotes | CIF recycle flow rate displayed on 2 per-module basis,

* &ir flow rate displayed on per-module basiz.
& This step should be repeated 3-8 times.

* Forward flush flow rate displayed on per-module basis,

* The duration of this step might be longer, up to ovemight (12 hours), if the fouling i severe.

& May need to waste a portion of permeate to remove residual chemicals, depending on design and application.
y por pe: , depending iz ppl

= Thiz step and duration i shown for a single chemical deaning. If acid and baze dleaning are both required, repeat Steps 6-13.

UF Utility and Chemical Costs

Service Water

Page 113 of 226

Average Flowrate Unit Cost Unit Cost Cost
(m?/h} (S/m?) (S/h) (S/d)
Neon-Product Feed Water 6.1% 0.14 0.87 2079
Waste Water Dizposal 6.19 0.69 427 102.46
Total Service Water Cost 123.25
Electricity
Peak Power (kW) 31.75
Energy (kWh/d) 43439
Electricity Unit Cost (5/kWh) 0.09
Electricity Cost (5/d) 39.09
Specific Energy [kWh,/m*) 0.09
Chemicals
Chemical Unit Cost Dase Volume Cost
(S/ke) (mg/L) (L/d) (s/d)
HCI [35%) 0.100 0.20 0.02
CEB1 423
CIP 423
NaOCl [12%) 0.330 111 0.42
CEB2 250
CIP 2000
NaOH (30%) 0.260 0.02 0.01
CIP 307
Oxalic Acid [100%) 0.940 033 0.58
CIP 20000
Total Chemical Cost 1.04
Utility and Chemical Cost [5/d) 163.39
Specific Water Cost [5/m*) 0.03

Form No. 45-D01378-en, Rev. 5
January 2020



3.2.3 Moadification of System Design after Calculation

WAVE makes possible regeneration of the report through:

Modification of the Feed Temperature

After the first simulation of the system, a WAVE user can rerun the simulation at a different temperature by following
these steps (Figure 111):

1. Click on the dropdown arrow under “Temperature” in the Summary Report Tab.
2. Select the appropriate temperature value:

a. Design temperature

b. Maximum temperature

C. Minimum temperature

d. Othervalues (using the ‘Specify’) option.

3. Click on the “Report” button.

File = Configuration User Settings Feed Setup Report Help i WAVE Answer Center | g Quick Help

Temperature: B E— Report Language:

Detailed Report —
Il Save To Water Uibrary | |Resign »|| 150 |°C | English-United States

Export to PDF

Calculations Water Library Temperature: pmary Report
| Home | Feed Woter | SIS summary Report | \ Temperature:
Ultrafiltration Design . ] 15.0 L B '

Minimum

o =
Valve
i
y & 05 bar
Feed P ir 4 CEB 250 g/l NeOD) 12% 1000 Lk
Max 221.8 m3/h Strainer <}
@396 50 i W
99.5 % Recovery | | awa Am',uh CEB 554 mifh Tank
H X0 aﬂf
- Waste
. 62 mifh

Feed Valve Drain vam

UF Summary Report

Module: IntegraFre 57728900

Total UF Trains: 3

UF Modules: 3x 12 = 36

Operating Flux: 50 L

UF System Recovery: 7%

Feed Water

Avaraga Feed Flous 207.2 mijh
Surface

Grass Filtrate
Filtrate Valve 3053 mih

Backwash valus

4 CIBanmgLHO I B L

4

UF System Overview

Module Type IntegraFlux SFP-2880XP

# Trains Online = 3 Standby = ]

# Modules Per Train = 12 Total = 36

System Flow Rate  (m®/h) Gross Feed = 207.22 et Product = 200.00 |
| Train Flow Rate (mz/h) Gross Feed = 60.07 1 Net Product = 656.67 bl

Figure 111. WAVE report regeneration and addition simulation by changing feed
temperature (a) Selection of the appropriate temperature (b) Initiation of calculation

4. The report will be updated with recalculated values.

Notes:
The same Minimum, Maximum and Design Temperatures specified in the Feed Water Tab would be shown in
the dropdown list in the Report Tab.

The temperature specified at this step would not be propagated to other windows (e.g. the Chemical
Adjustment Popup Window)
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Modification of the System Recovery

WAVE makes it possible to send the System Recovery calculated at the Report Tab to the Home Tab to be used for
additional work. This can be done through the following steps (as shown in Section Defining the Feed Water Flowrate

and Recovery):

1. Click on the “Update Estimated Recovery” button in the Report Tab.

2. Click on the Home Tab and right-click on the Technology symbol

3. Select “Define Recovery” from the dropdown list. The Define Recovery Popup Window would appear.

4. Select the radio button next to “Use Last Calculated Value” and click "OK”

5. Click on the Report Tab

Welcome! To gat started on your new project:
1:5peciy the fead Aowrate or product flowrate,

3i5elect @ water type from the dropdawn list for UF, RO or ROSC,

¥ ARNIND

Z.Select the technaiogies by dragging and dropping the cormespanding procass icons between the two blus amows.

- ™
© | Id » | Untitled Project - Case 1 [E =
|

Filc v Configuration User Settings Feed Setup Report Help @ WAVE Answer Center 18 Quick Help
Fiow: & oo @ /i Add Case | | [ Add Chemicals/Degas UF TOC Rejection
apd
Pressure: () psi
Temperature: () °F Manage | | | A Adjust Final pH
Flu: ©) ofd
Units Cases Water Chemistry Adjustments | RO Spedial Features | UF Special Features
Home | Feed Water | Ultrafiltration | Summary Report |
Untitled Project - Case 1 Technologies

~ | Pre-treatment

0O

| Bulk Demineralization

I’ 1 shing
() Basic Default: 95.00 %
() Specify: 95.00 %
& 5 s 4
1@ Based on UF Configuration 99.46] % £ and Mix Paints

and Strainer Recovery:

Water Type:
Municipsl Watss -

o]

©® 2017. The Dow Chemical Company. All ights reserved.

For Developmental Testing Only

‘Water Application Value Engine \AL

Dow Water & Process Solutions

Note: The “Update Estimated Recovery” button only updates the System Recovery.
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3.2.4 Handling the Reports (Saving and Exporting)

The Summary Report serves as a quick look at the results. The Summary Report can be exported as a PDF document to a
folder location of the user’s choice Figure 112.

lead to a folder location where the user can save the PDF, Excel or Word file.
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| ﬁ Configuration User Settings

e Configuration User Settings Feed Setup Report Help % WAVE Answer Center ) Quick Help
Detailed Report Temperature: 2 Report Language: E
lrd Save To Water Library | | Design v_] 150 |°C | English-United States RO Recoves Export to POF
Calculstions Water Library Temperature: Language Recovery Aﬂﬂ Project Summary Report
Home | Feed water | itrafiiration | Summary Report |
Uttrafitration |

UF Summary Report

Module: IntegraFlu SFP-2580:9
Gross Filtrate Net Filtrate
T T lrvw_« Pt v ST okl
Oparsti i S0 UK : H—
Bt ey [ Backwash value =) ol
Feed Water
Swerage Feed Fiow: 2072 mifh
Type: Surface 4 CERama MO 39N 588 LR
TSS: 20.0 gl
ToC: 5.0 mgl
Turbicity: 15.0 NTU
Feail Parag A 4 CEE 250 ma/l NeQ0I 42% 1000 Wh
Mo 2218
Backwash
©39ba B 924 mxf:,':"&ssm mifh
@ 12bar
‘Waste
6.2 m¥h
i Vabee
UF System Overview
| Module Type ‘ IntegraFiux SFP-2880XP
| # Trains [ Orline = 3 Standby = °
| # Moduies | Per Train = 12 Total = %
| system Fiow Rate  (m2/h) | Gross Feed = 207.22 Net Product = 200,00
| Train Flow Rate _ mzih L GrossFeed = 60.07 NetProduct = 66.67

m

Figure 112. Export of Summary Report in WAVE as PDF

The reports can be exported to PDF or to Excel, Word or PDF as shown in Figure 113 and Figure 114. All of these options

1@ |4 » | UF Example 2 - Surface Water -

=8 8

Feed Setup Report Help

i WAVE sinswer Center | g Quick Help

Detailed Report IT_E!".I?.E!_Uiﬂ.L_ — Report Language:
e 5ave To Water Library | Desion 150 [%C | English-United States Export to POF
Calaulations Water Library Temperature: Language Recovery Export Project Detailed Report
| Home | Feed water |
M 41 of 2 bl - Find | Next

WATER APPLICATION VALUE ENGINE
DOW WATER & PROCESS SOLUTIONS

WAVE Program Version: 1.37.373
Calculation Engine Version: 9.19
Database Version: 7.1

(UF)

Project Name: UF Example 2 - Surface Water
Case:

Customer:

Prepared by: Dow Water & Process Salutions
Company: Dow

Figure 113. Export of Detailed Reports in WAVE - selecting the dropdown
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@ | » | UF Example 2 - Surface Water - =@ %
|ﬁ Configuration User Settings Feed Setup Report Help i WAVE Answer Center | Quick Help
Temperature: Report Language:
Detailed Report =
I seve Towater Ubrary | [Pasign  w| | 150 [ | Engish-united States Export to POF
= =
Caleulations Water Library Temperature: Language Recovery Export Project Detailed Report
| Home | Feed water | Utrafitzation | Detailed Report |
H 41 of 2p M | = @ |- 100% . Find | Nedt
Excel &
POF \
Word

WATER APPLICATION VALUE ENGINE
DOW WATER & PROCESS SOLUTIONS

'WAVE Program Version: 1.37.373
Calculation Engine Version: 9.19
Database Version: 7.1

Project Name: UF Example 2 - Surface Water

Case:

Customer:

Prepared by: Dow Water & Process Solutions
‘Company: pow

El

Figure 114. Export of Detailed Reports in WAVE - selecting the option
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4 Reverse Osmosis

4.1 Reverse Osmosis and Nanofiltration system SpecCifiCation ... ... .. e 18
4.2 REVERSE OSMOSIS - FINAL CALCULATION AND REPORT GENERATION ..o e 144

4.1 Reverse Osmosis and Nanofiltration system specification

RO/NF/ROSC system specification includes the following steps:

4.1.1 Adding RO/NF/ROSC icon into the WAVE Home Window

The RO Symbol can be dragged and dropped on top of the gray spot to specify an RO/NF process as shown in Figure 115.
The same applies for the ROSC. If the gray spot is not visible, simply dragging the RO icon between the two large blue
arrows will make the gray spot visible.

. n
@ |l » | Untitled Project - Case 1 =l e
Configuration User Settings Fead Setup Report Help T WAVE Answer Center | Quick Help

Flow: O gpm @ m/h B i R P
B od o Add Case o Deg
Pressure: () psi 1@ bar
Terpeature: O %F @ °C Manage | | | A Adjust Final pH
Flux: afd 9 MH
Units More Cases Water Chemistry Adjustments | RO Special Features | UF Special Features

Home | Feed Water | Summary Report |

Untitled Project - Case 1 = =

A | Pre-treatment

2.5elect the technologies by dragging and dropping the corresponding process icons between the two blue amows, 5

‘Welcome! To get started on your new project:
1.5pecify the fead Aowrate or product flowrate,

3.5elect 2 water type from the dropdown list for UF, RO or ROSC,

» | Bulk Demineralization

Q00

~ ) Polishing

@

~ | Split and Mix Points

=

PREE

| Surface Water -

Figure 115. Dragging and dropping RO icon
o RO stands for Reverse Osmosis. With this option 8 inch elements designs can be performed

o ROSCstands for Reverse Osmosis Small Commercial. Wwith this option 4 inch and smaller elements designs can
be performed

« NF stands for Nanofiltration. With this option different sizes NF elements designs can be performed
« WAVE does not allow the inclusion of both RO and ROSC in the same system design.

o WAVE allows only one of RO or ROSC in a system design.
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4.1.2 Removing RO/NF/ROSC Process Icon from the WAVE Home

There are two ways to remove the RO/NF/ROSC process icons as shown in Figure 116 and Figure 117:

1. Dragging and dropping the icons into the picture of the waste bin

BEEE  coriguration

P pn @ m
wd 'l

UserSettirgs  FeedSetup  Report el

dse Cam | ==

Premune - & e
Temparsture: | °F L
Funi(jgd @ iMH
g =]

Adarage blquﬂl-u:p- B0 PO Rmpiestesn

Uintitled Project - Case 1
m'rnnarndmmu-ﬂm
Lipack e fowrsts o produc fosrees.
2 Salaer tha eechrolagen by draggng srd

sireppeny tha £xsiponding tvnoem wnne bansan tha TAT Sub BT
B.5tbern & e ype Ao T deapdoven T for UF. R or ROSC,

= WAVE Arawer Carfier B ik e

e Witer Chamishy Aduatmenis | BD Soncel Fashures  UF Spucial Fastures

Tacheadogha
A1 Bra basftrrant

(P L7

NP RERe——

(0 Lo o0

o) Friahing

= Sp' and Hiz Foingr

Figure 116. Removing an RO icon by dragging and dropping onto the waste bin

2. Right-clicking on the icon in question and selecting “Delete”

'. | |4 » | Untitled Project - Case 1 ([ESHE=R Oy
Filt v Configuration User Settings Feed Setup Report Help 5 WAVE Answer Center Quick Help
Add Case | | | == Add Chemicais/Degas Compactior UF TOC Rejection
Manzge | | | A Adjust Final pH RO TOC Rejection
Cases ‘Water Chemistry Adjustments RO Special Features UF Special Features
Untitled Project - Case 1 e —

Welcome! To get started on your new project:

1.5peciy the fasd fawrate or product flowrate,

2.Select the technologies by dragging and dropping the corresponding process icons between the two blus amows.
3.Select a water type from the dropdown list for UF, RO or ROSC.

3w AeN Pl

Configure

Define Recovery

Delete

~ | Splitand Mix Points

@

Figure 117. Removing an RO icon by right-clicking and selecting “Delete”
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4.1.3 Defining the Feed Water Flowrate and System Recovery

Feed and product water flowrates can be specified using the text boxes in the middles of the blue arrows as shown
below. First, Feed or Permeate flow option should be selected using the radio button in the upper part of the arrow, later
the flowrate can be specified.

@ | |d » | Untitled Project - Case 1 |= | o e

User Settings Feed Setup Report. Help 5’ WAVE Answer Center | i Quick Help

File v
Add Case | | = Add Chemicals/Degas
Manzge || | A Adjust Final pH RO TOC Rejection

Cases ‘Water Chemistry Adjustments =~ RO Special Features | UF Special Features

Untitled Project - Case 1
Welcome! Ta ger started on your new project: Technclogies
1.5pecify the feed flowrate or product flowrats,

- | Pre-treatment

2:Select the technalogies by dragging and dropping the comesponding process icans betwean th twa blue amaws,

Z.Select 2 water type from the dropdown list for UF, RO or ROSC. @ @

# | Bulk Demineralization

QOO0

~) Polishing

)

- | spht and Mix Points

3 ABN PG

Figure 118. Definition of feed or product flow for an RO system
Notes:
« WAVE would display a warning if the Feed or Product flowrates are specified as O or a negative number

« Given a feed water flowrate, WAVE would calculate a product flowrate based on a default recovery. Given a
product water flowrate, WAVE would calculate a feed flowrate based on a default recovery

« WAVE does not allow simultaneous specification of the feed and product flowrates
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o WAVE does give the user the possibility of defining a recovery that defines feed/product flow if product/feed
flow is known (shown in Figure 119).

This is done by:

Right-clicking on the RO/ROSC icon
Selecting “Define Recovery”

Entering the desired recovery

P " "
Clicking "OK
. -
@ | ld » | Untitled Project - Case 1 L= | e
File + Configuration User Settings Feed Setup Report Help 5 WAVE Answer Genter | () Quick Help
Flow: O gpm @) m/h Add Case | | | Add Chemicals/Degas
1d
9 °C Manage || | A Adjust Finsl pH RO TOC Rejection
Fi @ e
Units Cases Water Chemistry Adjustments RO Special Features ~ UF Special Features
Home | Fesd Water | Reverss Osmosis | Summary Report |
Untitled Project - Case 1 Technologies

‘Welcome! To get started on your new project:

1.5Specify the feed fowrate or produce flovirate,
2.5elect the tachnalogies by dragging and dropping the comesponding process icons batwean the two blus smows,
3.Select = water type from the dropdown list for UF, RO or ROSC.

PR

Configure
Define Recovary
Delete

~ | Pre-treatment

U

# | Bulk Demeralization

Define Recovery

(T} Basic Default:

) specify:

@ Basad on RO Configuration:

=DO

75.00 %

75.00 | %

75.00 %
J iix Points

-

=

Figure 119. Definition of recovery for an RO/ROSC system in the Home page

The default recovery value for RO & ROSC systems is 75% in WAVE. The recovery defined above is a system recovery,
not necessarily a stage/pass recovery.

Additional Information: System Design Guidelines

4.1.4 Defining the feed water type and composition

Please refer to section Defining the Feed Water Composition for UF.
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4.1.5 Defining the RO/NF/ROSC System Configuration

The Number of Passes

WAVE provides the option of adding a pass to set up a two-pass system. By default, every RO/NF/ROSC system would be
a single pass system. The additional pass can be added as shown below:

Click on “Add Pass” as shown in Figure 120.The additional pass (Pass 2) can be removed by:

1. Select the second pass (Pass 2)

2. Click on the red oval beside the Pass 2 button as shown in Figure 120.

Notes:

@ ' [ » | Multi Example 3; Surface UF + RO + X - Case 1

DIEM

Configuration User Settings

Flow: ) gom @ m'/h

Dopd O mirg

Pressure: () psl @ bar
Temperature: () *F @) °C

B

¥ ARNOPIND

Fuc () ofd @ LMH

Units. More: Cases
Home Ultrafiltration | Reverse Osmosis | Summary Regort

Reverse Osmosis Pass Configuration

| acd pass (B

O[pass2

D4+Os

Feed Setup

= Add Chemicals/Degas

Water Chemistry Adjustments

Report

Help

RO TOC Rejection

RO Special Features

i WAVE Answer Center | g8 Quick Help

UF TOC Rejection

UF Special Features

Temperature [omi ][ 380 ¢

Flows

Feed Flow
Recovery
Permeate Flow
Flux

Conc. Recycle Flow

Bypass Flow

"

mifh
LMH
mfh

mifh

[}

System Configuraticn

Concentrate

Stages

# BV per stage

2 Elspar Py

Stage 2

Permaate

Element Type
ey

Pre-gtage P (bor)

Total Els per Stage:

BWIOHR 4400

0.34

Back Press (bar)

0.00

Bacst Pressure (bar)

Feed Press (bar)

% Conc to Feed

0.00

Figure 120. Adding and removing passes in RO system

o Once asecond pass (Pass 2) is defined, the “Add Pass” button becomes inactive. It would be reactivated if Pass 2

is deleted

o Itisnot possible to delete Pass 1

Additional Information : Select the flow configuration and number of passes
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The Flow Factor

The Flow Factor is used in WAVE to account for flow loss due to fouling. It can be specified for each pass as shown
below in Figure 121

1.

Click on the Pass of interest (Pass 1 or Pass 2)
Update the Flow Factor

Note: The Flow Factor must be between 0 and 2.

© | i » | Multi Example 3:Surface UF + RO + IX - Case 1 [y
Configuration User Settings Feed Setup Report Help i WAVE Answer Center | (g Quick Help
» & =
f-). :,:: A Case || mhmAda Chemicals/Degas UF TOC Rejection
@ bar
g\ e A\ Adiust Final pi RO TOC Rejection
@ v
More. Cases ‘Water Chemistry Adjustments RO Special Features =~ UF Special Features
Home | Feed Water | Ultrafiltration | Reverse Osmosis | Summary Report |
Reverse Osmosis Pass Configuration
' Configuration for Pass 1 Flows System Configuration
- I
| acdd pass 0192030405 Recovery (I
S s
—
2 2
R L E—
z
] Bypass Flow El mih Concentrate
n [sage e
Stage 1 Stage 2
Permeate
40 20
] &
..Emw-«n - i v.
240 120 l
Pre-stage AP (bar] 0.34 0.34
Back Press (bar] 0.00 0.00
Boost Pressure (bar) N [
| Feed Press (bar) o WA ‘
% Conc to Feed 0.00 0.00
|

Figure 121. Specification of Flow Factor
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The Number of Stages

One can specify up to 5 stages for each pass. By default WAVE assigns a single stage per pass. The number of stages can
be specified for each pass as shown below in Figure 122:

1. Click on the Pass of interest (Pass 1or Pass 2)

2. Update the Number of Stages. Note the change in the Process Flow Diagram and Table.

© i = | Multi Example 3; Surface UF + RO + X - Case 1 (=] © ]
Configuration User Settings Feed Setup Report Help i WAVE Answrer Center | g} Quick Help
5§ @ n?
Fw’ :;T ° :,:: = dd Chemicals/Degas mpaciic UF TOC Rejection
Pressure: () psi @ bar
Temperature: O F @ °C RO TOC Rejection
Fux:(Dgfd @ LMH
\ Units (More] Cases Water Chemistry Adjustments = RO Special Features = UF Special Features
| Home Ultrafiltration | Reverse Osmosis ‘Summayﬁq;ul
Reverse Osmosis Pass Configuration
‘ ; Configuration for Pass 1 Flows System Configuration
T e
| Acd pass )1 @203 0405 Hactrvaiy %
R —
S—
i V—.
Temperature |Dasign x| 220 |«
R —
>
2 Bypass Flow I:] m3fh Concentrate
" [ Stages )|
Stage 1 Stage 2
Permeate:
# PV per stage 0 20
ZElsper PV & 3
Element Type | BWIOHR-4401 - -
Total Els per Stage 240 120 i
Pre-gtage AP (bar) 0.34 034
Back Press (bar) 0.00 0.00
Baast Pressure (bar) NA []
Feed Press (bar) 0 NA I
, % Conc to Feed 0.00 0.00
i

Figure 122. Specification of the Number of Stages in WAVE

Note: WAVE users can click on each box corresponding to a stage in the RO/NF/ROSC Process Flow Diagram and the
corresponding column in the table would be highlighted. By default, the 1st element (thus the 1st column in the
table) is highlighted.

Additional Information : Select the Number of Stages

Specifying Elements, Number of Pressure Vessels and Elements per Pressure Vessel
Standard Design

In WAVE one can specify the RO/NF/ROSC elements to be used in each stage, the number of pressure vessels in each
stage and the number of elements per pressure vessel. The number of pressure vessels in each stage and the number
of elements per pressure vessel can only be specified from the Reverse Osmosis Tab. By default, both of these values

are 1.
There are two ways of specifying the RO/NF/ROSC elements to be used in each stage.
1. Specifying the elements using the Drop down list

2. Specifying the elements using the Element Specifications Pop-up Window
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1. Specifying the RO/NF/ROSC elements using the Drop down list

One can specify the RO/NF/ROSC elements to be used in each stage, the number of pressure vessels in each stage and
the number of elements per pressure vessel as shown in Figure 123.

1. Click on the Pass of interest (Pass 1or Pass 2)
2. Foreach stage, click on the dropdown box under “Element Type”
3. Select the appropriate element

4. Update the number of pressure vessels and the number of elements per pressure vessel for each stage

@ | » | MultiExample 3: Surface UF + RO + IX - Case 1 i
Configuration User Settings Feed Setup Report Help i WAVE Answer Center | g Quick Help
; @
e gﬂ'; ° m,z; did Car s fiid Chemicals/Degas pacts UF TOC Rejection
Pressure: () psi @) bar =
Temperature: O °F @ °C 0 Ad RO TOC Rejection
Flw: () gfd @ LMH
Units [More] ~ Cases | Water Chemistry Adjusiments = RO Special Features | UF Special Features
Home | Feed Water | Ultrafiltration | Reverse Gsmosis | Summary Report |
Reverse Osmosis Pass Configuration
Configuration for Pass 1 Flows System Configuration
|Pass 1]
= Number of Stages. Feed Flow mifh
R
Pl Pache
s —_—
T Temperature | Design - °c
§ —I Conc. Recydle Flow mifh —
g N —
» < ‘ Feed
| Stages : _ Permeate
| Stage 1 | Stage 2 Stage 3 ‘ Stage 4 ‘ Stage 5
£ PV per stage “0 2 1 1 1
£ Els per PV 8 6 & 6 &
=> Elemeot Type [speofy  vlspechy v [specly v [speciy v |specky v

P2

5 Tty staged :
Intemal Dasign)
Total Els per Stage ECO PRO 400

ECO PRO 4000

Pre-stage AP (har) | £CO PRO 440 0.20 0.20 0.20
0 PRO 4401 =1
Back Pregs (har) | ECO PLATINGM 440 0.00 0.00 0.00
[ECO PLATINUM 4400
ECO-5001 {obsolet
Bosst Preasure (bar) | 20300 fobacieted 0 0 0
HLE-440
Feed Press (bar) || g-ss0i Nk NfA NfA
LE-4040
% Canc to Feed || 31E-2540 0.00 0.00 0.00

HRLE~440 {obsolete)
HBLE-440i (cbsclete)
BW30HRLE-340
EW0HRLE-440i
EBW3I0FR-JE5 (obsolete)

Figure 123. Specification of the RO/NF/ROSC elements, number of pressure vessels and
number of elements per pressure vessel for each stage in the Reverse Osmosis Tab in
WAVE

2. Specifying RO/NF/ROSC elements using the Element Specifications Pop-up Window

One can specify the RO/NF/ROSC elements from the Element Specifications Pop-up Window as shown below and in
Figure 124.

1. Click on the Pass of interest (Pass 1or Pass 2).
2. Click on “Specs” under the Element Type row header.

3. Foreach stage, click on the dropdown box under “Element Type”. The Element Specifications Pop-up Window
will appear.

4. Double click on the appropriate element.
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5. Close the Element Specifications Pop-up Window by clicking on the red box at the top right corner or clicking
on ‘Close Window".

@ I+ | Multi Example 3: Surface UF + RO + IX - Case 1

Configuration User Settings Foed Setup Report

Flow: ) g @ m'/h
ol O mid
Pressure: ) psi (@) bar
Temperature: () °F @ c
Aue: ) gid @ 1MH
Units (™ Cases Water Chemistry Adjustmants

= A Chemicais/Degas

Help

RO TOC Rejection

RO Special Features

UF TOC Rejection

UF Special Features

i WAVE Answer Cenor | (g Quick Help

| Home | Feed water | Ulsafiliration | Reverss Osmosis | Summary Raport: |

is Pass Confi
Configuration for Pass 1 Flaws Syster Configuration
Esl Number of Stoges Fesdl Flaw 43133 | myh
Add Pass ©1@020304+@5 e 750 %
[Product Specitications
Flow Factor E Element Aetive Ares Pressune Flow Rejection(®) Core. (pprm) | Saht
P - —————] &0 mo w0 400(372) | 150(103) | usooqans) | 997 tacl
= Temperaiore (Dotm XJE £CO PRO 500 9001372) | 150 (10.3) | 11500 (43.53) %97 wacl
= £C0 RO 40 H40(409) | 150(103) | 12650 (47.9) %7 hacl
§ ECO PRO 440 440(30.9) | 150(103) | 12,650 (47.9) 997 Nacl
» £CO PLATINUM 40| 440{40.8) | 150(103) | 12,650 (47.) 0.7 hacl
[Siages ECO PLATINUM 4401 | 440(40.9) | 150(103) | 13,650 (47.8) 97 Nacl
[ Ghaged | ECO-<OM (obsoiete) | 400(37.2) | 150(103) | 11,500 (43,53) | 987 ol
£co- H0(405) | 150(103) | 12650 (47.9) 5 200 Hacl
# PV per stage 20 MLE=40 H0(405) | 100(65) | 12,700 (48.3) 5.0 500 Wacl
- HLE-4408 H0(409) | 100(63) | 12,700 (48.1) %0 500 Nacl
£ Elspar ey HLE0H o7(8.1) | 100(63) | 2600(98) £ 500 okl
= HLE-2540 W28 | 100(69) 850(3.2) .0 500 Hocl
» L | THRLE 440 (absolete) | +40(40.5) | 150 (:03) | 12,650 (47.5) 5 2000 hacl
HRLE-3401 (cbeoiete) | 440(409) | 150(103) | 12.850(478) 85 2000 tact
Total Els per Stage 240 BWIOHRLE-HO H0(509) | 150(103) | 12,650 (47.8) 993 2000 hacl
- H0(509) | 150(103) | 12,650 (47.9) w5 L]
Bre . 034 BW30FR-565 (obsolete| 365(33.9) | 225 (155) 5,500 (36) 95 Hocl
BWIOXFR400/34 400(37) | 25(158) | 11,500 (a3) 5965 hacl
ok Froas () L) AwrERannina sonfan | msfes |y entan aa ks Nat
Boost Pressure (ar) NA
Active Area (square meter)
3 5 Pressure units: psi bar)
Feed oo (bl o Fiaw unit: gallons per day (cublc meters per day)
Double-click on a row above to select the appropriate product
% Conc o Feed .09

Figure 124. Specification of the RO/NF/ROSC elements from the Element Specifications

Notes:

Pop-up Window in WAVE

« Selecting an element by double-clicking on the appropriate element in the Element Specifications Pop-up
Window will apply for every stage in the pass. If different elements are desired for the different stages, the user
must individually select the appropriate elements for each stage.

« Once anelementisselected in the table in the Reverse Osmosis Tab, the same element is used as default in all

the downstream stages in the Pass unless specified otherwise.

Additional Information :

FILMTEC" Elements

Select the Number of Elements, Pressure Vessels
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Internally Staged Design (ISD)

WAVE allows the specification of different elements within a pressure vessel; essentially creating stages within a stage.
This is called Internally Staged Design or ISD. The following steps can be used for ISD:

1. Click on the Pass of interest (Pass 1or Pass 2)

2. Forthe stage of interest, click on the dropdown box under “Element Type”

© |J » | MultiExample 3: Surface UF + RO + [X - Case 1 o] 0.
Configuration User Settings Feed Setup Report Help {} WAVE Answer Center | g} Quick Help
Flow: (D gpm @ m’/h <
b4 3 Add Chemicals/Degas UF TOC Rejection
Dgpd Om'id + 29 e
Pressure: () pei @) bar
Temperature: O °F @ °C RO TOC Rejection
Fu:()gfd @ LMH
Units Mors]  Cases Water Chemistry Adjustments RO Special Features | UF Special Features
[ Home | Feed Water | Utsafilvation | Reverse Osmoss | Summary Report |
Reverse Osmosis Pass Configuration
Configuration for Pass 1 Flows System Configuration
B s R
e 0191030405 — %
Flow Factor
! ture | Design - =
£ et (Boim—" comeyirie [ il
=
2 Bypass Flow E mih Concentrate
» Feed
[
Stage 1 Stage 2
Parmeate
# PV per stage 0 20
£ Elsper PY L &
Element Type | specify. v | Specky -
SpeE
150 (Internalh Des
Total Els per Stage 120
| — -
Pre: AP (bar) | ECO PRO 440 034
ECo PRO <401 E
| Backpress ban) | E20 PUTREM S0 0.00
ECO-400i (obsclete)
Boost Pressure (bar) | ECo-440i (absolete) o
I XLE-440
Feed Press (bar) | XLE-4401 NfA
+ ALE-4040
LE-2540
% Canc to Feed HALEH0 0.00
HRLE-440i (shsclete)
EWIOMRLE-4<0
BWIOHRLE 4401
BW3IOFR-385 (obsolete)

Figure 125. Specification of ISD in WAVE (a) Selection of the ISD option (b) Selection of
the element in the first position (c) Selection of the element in an intermediate position (d)
Finalizing the ISD

3. Select “ISD”. The ISD Specification Pop-up Window will appear.

4. Select the appropriate element for the first position (Element 7). WAVE would use the selected element as the
default selection. The ISD Specification Pop-up Window will be filled with information on the selected
element.

| Bement Contiguration - Iemasy staged Design

Element 4 Element 5 Element 6

-l - -1 -

Element 1 Element 2 Element 3

Product: =] -
ECO PRO 400

Active Arga:

Max, Pressure:
Flow:

Salt Rejection (#):
Boron Rejection (%)
salt;

Test Prassure:
Concentratian:

Recovary (%):

ECO PRO 400i
ECO PRO 440
ECO PRO 440i

E£CO PLATINUM 440
ECO PLATINUM 440
ECO-400i (obsolete)
ECO-440i (obsolete)
XLE-440

XLE-440i

XLE-4040

XLE-2540

HRLE-440 (obsolete]
HRLE-440i (obsolete)
BW30HRLE-440
BW30HRLE-440i
BW30FR-365 (obsolete)

Diamatar:

BW30XFR-400/34 Hi
ETELVE FRTTTE Y ——
Active Area units: squars feet (sauars meters)

Prassure unit: psi (bar)
Flow unit- gallons per day (cubic meters per day)

| ok [ cancet

Figure 126. Edition of the ISD Specification Pop-up Window
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5. Select the appropriate element for the rest of the positions (2nd, 3rd etc.). WAVE would identify each element

with a different color.

6. A user can modify an ISD by clicking on the “Edit ISD” as shown in Figure 125 and Figure 126. The Specification

Pop-up Window will appear.

Notes:

« WAVE would not allow the user to specify an element in any other position unless he/she specifies the element

in the first position in ISD.

o« WAVE allows the user to specify a different element for every position in an ISD. However, the elements must

have the same diameter.

o WAVE allows the user to specify an ISD for every stage.

o One can remove an ISD design by selecting an element in the Reverse Osmosis Tab instead of ISD.

« Once anelementis selected in the ISD window, the same element is used as default in all the downstream
positions in the pressure vessel unless specified otherwise.

o One can specify an ISD design in WAVE even if there is only one element in the pressure vessel.

o WAVE users can tell which stages are ISD either from the table in the Reverse Osmosis Tab or by hovering their
mouse cursor over the relevant box in the RO/NF/ROSC Process Flow Diagram.

4.1.6

Specifying Feed Pressure, Boost Pressure, Back Pressure and Pre-stage Pressure Drop

The different pressure specifications for the RO/NF/ROSC system can be incorporated in WAVE as shown in Figure 127.
The default values for Feed Pressure, Feed Pressure and Feed Pressure are all O, while the default pre-stage pressure

drop is 0.34 bar (5 psi).

L B

» | Multi Example 3: Surface UF + RO + IX - Case 1

P |

W Configuration

User Seltings

Feed Setup

Report

= dd Chemicals/Degas

Help

RO TOC Rejection

& WAVE Answer Conter

UF TOC Rejection

) Ouick tolp

Stages
Stage 1 Stage 2
Reverse Osmosis
Configuration for Pass 1 # PV per stage 40 20
a1
e # Els per PV 6 6
Add Pass 1@203 Oy
Element Type ‘ ECO PRO 400i ¥ | ECO PRO 400 =
Flow Factor Specs .
.453 et !In Total Els per Stage ‘ 240 120
2
§ Pre-stage 4P (bar) 0.34 0.34
= Tooe Back Press (bar) 0.00 0.00
Boost Pressure (bar) N/A 0
# PV per stage
£ Els per PV Feed Press (bar) 0 N/A
E"—Js’;‘("—;m | 20 % Conc to Feed 0.00 0.00
“Total Fls per Stage 240 120

Pre-stage AP (ber)

031

0.34

Back Press (bar)

0.00

@ Boast Pressure (har)

Fesedd Press (bor)

% Cone to Feed

A

0.00

Figure 127. Specification of Feed Pressure, Boost Pressure, Back Pressure and Pre-stage
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Notes:

o WAVE users can tell how much Feed Pressure, Boost Pressure and Back Pressure were applied from the table in
the Reverse Osmosis Tab or by hovering their mouse cursor over the relevant symbolin the

o RO/NF/ROSC Process Flow Diagram.
o If the Feed Pressure is specified in WAVE, then the user would not be able to specify a recovery for the

o RO/NF/ROSC system. Even though WAVE allows the user to specify a recovery value in the Home Tab (for a
system including only RO/NF/ROSC), the Calculation Engine would ignore the specified recovery value.

o WAVE allows the user to specify a Feed Pressure for one pass and a recovery for another pass.
o WAVE allows the user to specify different Feed Pressures for each pass.
o WAVE allows specification of Feed Pressure only for the 1st stage in each pass (even ISD).

o WAVE does not allow the specification of Boost Pressure for the st stage in each pass, as it is assumed that any
boost needed is included in the Feed Pressure.

4.1.7 Specifying Recovery

In WAVE, the RO/NF/ROSC recovery can be defined at two levels:

Recovery for the Entire System

The recovery for the RO/NF/ROSC system can be defined in one of two ways:
1. RO/NF/ROSC system recovery definition at the Home Tab

2. RO/NF/ROSC system recovery definition at the Flow Calculator Pop-up Window
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3. RO/NF/ROSC system recovery definition at the Home Tab

If the only process modeled in WAVE is RO/NF/ROSC, the Recovery for the RO/NF/ROSC system can be defined as

follows (shown in Figure 128):
1. Click on the Home Tab.

2. Right-click on the RO or ROSC icon and select “Define Recovery”.

3. Select the “Specify” radio button and put in the appropriate Recovery value.

@ W » | UFExample 2 - Surface Water -

Home 'Feedwata'lnewseosrv\osls] Summary Report |

UF Example 2 - Surface Water -
Welcome. To get started on your new project:

1. Specify either your water inputs or desired output
2. Add processing steps from the tool palette

3. Mouss aver items for help and hints

¥ AenpInD

Il

Configuration User Settings Feed Setup Report Help
Fow: &) opm @ mh Add Case || [l Ackd Chemica
Cm'id
@ bar
@ 5C Manage | | /A Adjust Final pH RO TOC Rejection
Fluc () gid @ LMH
Units Cases ‘Water Chemisiry Adjustments RO Special Features

e
Product Water 0] mh

i) WAVE Answer Center | g Quick Help

UF Special Features

Tools

# | Pre-treatment

0O0

#  Bulk Demineralization

Q00

# | Trace Contaminants Removal

00

| Paolishing

Define Racovery
© Basic Cofaul:
Specify:
Design Guidelines Based On:
[Surfaca -

=00

it and Mix Points
FE00 | % £ Slite ot

i = r?

i)

Figure 128. Specification of RO/NF/ROSC system recovery in the Home Tab

4. Click 'OK”

Notes:

« The Basic Default Recovery for an RO/NF/ROSC system is 75% in WAVE

« Once the pass level Recovery is specified, WAVE would calculate the appropriate system Recovery and populate

the “Based on RO Config.” Field

o Once an RO/NF/ROSC system has been modeled, WAVE would have calculated a System Recovery (possibly
based on Feed Pressure). This calculated System recovery would appear in the “Use Last Calculated Value” field.
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System Recovery Definition at the Flow Pop-Up Window

b. RO/NF/ROSC System Recovery Definition at the Flow Calculator Pop-up Window

The Recovery for the RO/NF/ROSC system can be defined as follows using WAVE’s (shown in Figure 129):
1. Click on the Reverse Osmosis Tab if you are in a different Tab or Window.

2. Click on any entry field in the Flow Specification area (shown in Figure 129. The Flow Calculator Pop-up
Window will appear.

3. Specify the Recovery for each pass. The System Recovery would be automatically calculated and displayed in
the ‘RO System recovery’ box at the top right corner of the Flow Calculator Pop-up Window.

4. Click "OK".

© i | Muiti Example 3: Surlace UF + RO + X - Case 1
JBEES  coviowonon  sersetngs  FedSenw Repot  hep
el o 2a ChemicaDegas o
Tempersture: (3 'F @ °C ROTOL Rejecton
Units [Morg]  Cases | Wmter Chamisty Adustments RO Special Festures | UF
| o | Fosd Water | Utrafiration | Reverse Osmess | Summmary Repert
Reverse Osmosis Pass Configuration
Confgunntin fox a1 =3
] Srumber of Seages. => Feed Pow 013 | i

P 1@1030405

Flaw Factor [oas]

[ —r—— = |
RO System Brodust Fow Rate RO Spsten Summary
@ automate 5| mih Fosd Fiom o mn
Product Fiow =8 mn

Congentrate Fiow | 1003 min

System Ratenery 7%

fass 1
NeiFeed Flow | Resovery  |Permeate Flow  Conc. Recyole Pass 522 Ogtimizaton
Erenti 4% z500| 0 2% sepes Nomg

Flux i am[% 2ot
UK !
o hasd of: o] mim

Conc. Flowrate
ez mtm

Figure 129. Specification of RO/NF/ROSC system recovery in the Flow Calculator Pop-up
Window: accessing the Flow Specification area and defining the Pass Recovery

Notes:

o WAVE assumes a default RO/NF/ROSC System Recovery of 75%. If the Recovery of only one of two passes is

updated by the user, WAVE automatically recalculates the Recovery of the other Pass to maintain a System
Recovery of 75%.

o WAVE allows the user to manually change the Feed Flow rate value at the Flow Calculator Pop-up Window to
see its effect. However, this Feed flow rate would not be used in calculations outside the Flow Calculator and
would not be transferred to the Home Tab.
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4.1.8 Specifying Flow Patterns (Stage Recirculation, Recycle, Bypass, Split)

Concentrate Recirculation between Stages

WAVE makes it possible to define recirculation of concentrate from downstream elements to the Feed in the same
stage. This can be done as shown below (and in Figure 130):

1. Click on the Reverse Osmosis Tab if you are in a different Tab or Window.

2. Foreach stage and each pass, define the % Stage Recirculation. Note the change in the RO/NF/ROSC Process
Flow Diagram.

B8N  Configuration lUser Settings Feed Setup Report Help i WAVE Answer Center | g Quick Help
Flow: ) gom @ mifn
Dod Omid
Pressure: ) psi @ bar
Temperatwre: () °F @ °C iz o N RO TOC Rejection
Fioe ) gfd @ LMH
units (More)  Cases  Wiater Chemistry Adjustments | RO Special Features | UF Special Features

i 444 Chemicals/Degas 5 4 UF TOC Rejection

[ Home | Feed Water | Ultrafiration | Reverse Gsmasis | Summary Report |

Reverse Osmosis Pass Configuration

Configueation for Pass 1 Flows. Systeam Configuration
| ——— retsow i
Agd Pass 1 @203 04O5 R =5
Flow Factor oss |
(=] e —
ey T—
Temperature Desgn v | 220 | °C —_—
g ok —] Conc. Recycle Flow of myn
=
H Bypass Flow of mim Concentrate
‘» i Feed
Stage 1 ‘ Stage 2
Parmeate
40 | 20
& | &
L |
v [scopmo ool =
Total Elc per Stage 240 120
Pro-stage AP (bar) 034 | 034
Back Press (bar} 0.00° | 000
Boost Pressure (bar) WA 0
Feed Press (bar) o | /A
» I % Canc 1o Fead 0.00 I 000 |
[Concentrate
ot | Rt
Stage 1 Stage 2
Permeate
# PV par stags 40 0 I—I—-
# Fls per PY § §
Elament Typs | Eco pro.aos = [ ecopac som -
Seecs L — 1 —
Total EJs per Stage 240 | m
fre-stage 02 bar) 034 | 03
Back Prec (bar) .00 | 00
Boost Pressure (bar) NiA | o
Fead Prass (bar) 0 | A
% Conc to Faed 100 | 050

Figure 130. Specification of RO/NF/ROSC system Concentrate Percent Recirculation to
Feed in a stage: Before (Upper image) and After (Bottom image)

Note: WAVE allows 0-100% recirculation to the feed for each stage, though when more than 30% is recirculated, an
error warning will appear

Concentrate Recycle between the Passes

To help improve System Recovery, 3 WAVE user may be interested in recirculating the concentrate from a pass to the
feed of the same or a different pass. This can be done as follows (and shown in Figure 131):

1. Click on the Reverse Osmosis Tab if you are in a different Tab or Window.

2. Click on any entry field in thelow Specification area (shown in Figure 131). The Flow Calculator Pop-up
WindoSpecification of RO/NF/ROSC system Concentrate Recycle to Feed: Before (Upperimage)
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3. Specify the Concentrate Recycle from each Pass and where the Recycle stream would go (Pass 1or Pass 2). The
System Recovery would be automatically calculated and displayed in the ‘RO System recovery’ box at the top
right corner of the Flow Calculator Pop-up Window. However the RO/NF/ROSC Process Flow Diagram would
not update until the user clicks “OK".
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Figure 131. Specification of RO/NF/ROSC system Concentrate Recycle to Feed: Before
(Upper image) and After (Bottom image)

4. Click "OK".

Notes:

o WAVE does not allow splitting of the recirculated Concentrate stream to two passes (e.g. 50% of the concentrate
from Pass 2 sent to Pass 1feed, 50% sent to Pass 2 feed)

o WAVE does not allow recirculating the Concentrate from Pass 1to the feed of Pass 2.

o In WAVE, the user can specify the % of the Concentrate stream to recycle, not the amount. However, WAVE
automatically calculates the corresponding Concentrate flow and displays it underneath the % specification
fields.
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Feed Bypass

To meet permeate quality requirements, it might be necessary to bypass a given Pass and mix the bypassing portion of
the Feed with the Permeate from that Pass. WAVE makes this possible using the steps below (as shown in Figure 132 and

Figure 133):

1. Click on the Reverse Osmosis Tab if you are in a different Tab or Window.

2. Click on any entry field in the Flow Specification area (shown in Figure 21). The Flow Calculator Pop-up Window
will appear.

3. Select the “Bypass” radio button for the Pass of interest.

Specify the % Bypass (% of total feed to the Pass that bypasses that Pass and becomes part of the Feed of the

next Pass or becomes part of the RO/NF/ROSC product). The System Recovery would be automatically
calculated and displayed in the ‘RO System recovery’ box at the top right corner of the Flow Calculator Pop-up
Window. However the RO/NF/ROSC Process Flow Diagram would not update until the user clicks “OK”.
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Figure 132. Specification of RO/NF/ROSC system Feed Bypass to Product Before
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5. Click "OK".
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Figure 133. Plant scheme once Feed Bypass is specified for RO/NF/ROSC system

Notes:

In WAVE, the user can specify the % of the Feed stream to recycle, not the amount. However, WAVE

automatically calculates the corresponding bypassing stream flow and displays it underneath the % specification

fields.

corner of the Pass Optimization box.

« WAVE always mixes the bypassing Feed stream and the Permeate from the Pass.
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In WAVE the user can remove the Bypass stream by clicking on the radio button next to “None” at the top right
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Split Permeate

WAVE allows the user to take permeate from intermediate points along the pressure vessel containing the RO/NF/ROSC
elements. These intermediate points might be in between elements or sometimes partway through an element. The
Permeate upstream of each intermediate point would be ‘split off’ and set directly to product (from that Pass) instead of
being mixed with the Permeate streams coming from elements further downstream. The Split Permeate amount can
be specified in WAVE as follows (and shown in Figure 134 and Figure 135):

1. Click on the Reverse Osmosis Tab if you are in a different Tab or Window.

2. Click on any entry field in the Flow Specification area (shown in Figure 134). The Flow Calculator Pop-up
Window will appear.
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Figure 134. Specification of RO/NF/ROSC system Permeate Split

Select the “Split Permeate” radio button for the Pass of interest.

Specify the % Permeate Split (% of total permeate from that stage that becomes part of the RO/NF/ROSC
product). The System Recovery would be automatically calculated and displayed in the ‘RO System Recovery’
box at the top right corner of the Flow Calculator Pop-up Window. However the
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5. RO/NF/ROSC Process Flow Diagram would not update until the user clicks “OK”".
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Figure 135. Plant scheme once Permeate Split is specified for RO/NF/ROSC system
6. Click "OK".

Notes:
o In WAVE, the Split Permeate stream is defined at the Pass level.
o WAVE requires at least two passes for Split Permeate to work.

o In WAVE, the user can specify the % of the Permeate split off to product, not the amount. However, WAVE
automatically calculates the corresponding permeate split stream flow and displays it underneath the %
specification field.

o Inthe RO/NF/ROSC Process Flow Diagram, the Split Permeate is always shown to emerge from the 1st stage in
WAVE.

o In WAVE the user can remove the Split Permeate by clicking on the radio button next to “None” at the top right
corner of the Pass Optimization box.

4.1.9 Specifying pH Adjustment/Degasification and Calculating the Risk of Scaling

pH Adjustment of the Feed to Each Pass

WAVE provides the possibility for increasing or decreasing the pH of a Feed to a given Pass as shown below (and in
Figure 136):
1. Click on the Reverse Osmosis Tab if you are in a different Tab or Window.

2. Select the Pass of interest (Pass 1or Pass 2 in WAVE).
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3. Click on the “Add Chemicals/Degas” button. The Chemical Adjustment Popup Window will appear. This
Window includes options for adjusting pH, degasification, addition of Antiscalants/SMBS (only the 1st Pass),
specifying the process temperature and Pass recovery. This Window also includes a Table with the Feed
composition (before adjustment) and the Concentrate composition calculated by WAVE.

4. Click on either of the “pH” buttons. The gray dots on the buttons would turn green. The Table in the Chemical
Adjustment Popup Window would now include a column named “After pH”

5. Click on the entry fields for either pH or S&DI (Stiff & Davis Index) and specify the desired pH or S&DI value.
WAVE would populate the “After pH” columns in the Table in the Chemical Adjustment Popup Window. This
would be reflected in the RO/NF/ROSC Process Flow Diagram after the user clicks “OK” (arrows in the feed
streams to each pass with named chemicals).

6. Choose the appropriate chemical from dropdown list. This list would be different for increasing pH vs.
decreasing pH.

P " "
7. Click "OK".
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Figure 136. Specification of RO/NF/ROSC System Pass Feed pH Adjustment

Notes:

« In WAVE, pH adjustment can be deactivated by choosing either of “pH” buttons a second time. The green dots
would turn gray.

« In WAVE, pH specifications are limited to between 0 and 14.
o The list of chemicals used for pH adjustment is defined by the user as described in Section 1.

o WAVE allows addition of Antiscalants and SMBS only in the 1st Pass and does not allow pH adjustment between
stages

« WAVE does not prevent the simultaneous selection of “pH” without an intermediate degasification step. Thus
the useris urged to review the pH adjustment selections carefully.
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pH Adjustment of the Final Product

This involves adjustment of the pH of the Permeate from the RO/NF/ROSC system. This feature, as described in
Section1, is available to all three technologies (UF, RO/NF/ROSC/ IX). The steps are as follows (Figure 137):

1. Click on the Home Tab if you are in a different Tab or Window.
2. Click on “Adjust Final pH”.
3. Click on the “pH" button.

4. Specify the pH of interest then click “OK”".
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Figure 137. Specification of RO/NF/ROSC System Pass Feed pH Adjustment

Notes:

« In WAVE, pH adjustment can be deactivated by choosing “pH” button a second time. The green dots would turn
gray.

« In WAVE, pH specifications are limited to between 0 and 14.
« The list of chemicals used for pH adjustment is defined by the user as described in Section 1.

« WAVE allows the simultaneous selection of “pH” without an intermediate degasification step. Thus the useris
urged to review the pH adjustment selections carefully.

Degasification

Carbon dioxide removal from RO/NF/ROSC feed streams can be modeled in WAVE. This process is usually accompanied
by pH adjustment. The steps below can be used (as shown in Figure 138):

1. Click on the Reverse Osmosis Tab if you are in a different Tab or Window.

2. Select the Pass of interest (Pass 1or Pass 2 in WAVE).
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3. Click on the “Add Chemicals/Degas” button. The Chemical Adjustment Popup Window will appear. This
Window includes options for adjusting pH, degasification, addition of Antiscalants/SMBS (only the 1st Pass),
specifying the process temperature and Pass recovery. This Window also includes a Table with the Feed
composition (before adjustment) and the Concentrate composition calculated by WAVE.

4. Click on the “Degas” button, which should turn green. The Table in the Chemical Adjustment Popup Window
would now include a column named “After Degas”. This would be reflected in the RO/NF/ROSC Process Flow
Diagram after the user clicks "OK” (degasification symbol).

5. Click on one of the radio buttons next to entry fields for either” CO2 % Removal”, “CO2 Partial Pressure” or “CO2
Concentration (mg/L)". WAVE would populate a grey box on the Ro diagram in the RO screen.

6. Click "OK".
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Figure 138. Specification of RO/NF/ROSC System Degasification Specification:
Choosing “Add Chemicals/Degas”; Choosing Degasification; Specifying CO2 removal
and completion

WAVE would populate a grey box with red border on the RO diagram in the RO screen.

Antiscalant and SMBS Addition

WAVE provides the possibility for adding Antiscalants or SMBS (Sodium Meta-BiSulfite) in a similar manner to pH
adjustment as shown below (and in Figure 139):

1. Click on the Reverse Osmosis Tab if you are in a different Tab or Window.

2. Select the Pass of interest (Pass 1in WAVE).
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3. Click on the “Add Chemicals/Degas” button. The Chemical Adjustment Popup Window will appear. This
Window includes options for adjusting pH, degasification, addition of Antiscalants/SMBS (only the 1st Pass),
specifying the process temperature and Pass recovery. This Window also includes a Table with the Feed
composition (before adjustment) and the Concentrate composition calculated by WAVE.
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4. Click on the “Anti-Scalant” and/or “SMBS” buttons. The gray dots on the buttons would turn green.

5. Click on the entry fields for Anti-Scalant and/or SMBS and specify the desired composition in the Feed in
mg/L. This would be reflected in the RO/NF/ROSC Process Flow Diagram after the user clicks

6. "OK” (arrows in the feed streams to each pass with named chemicals).

7. Choose the appropriate chemical from dropdown list for Antiscalant and SMBS and click “OK”.
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Figure 139. Specification of RO/NF/ROSC System Antiscalant and SMBS Specification
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Notes:

« WAVE does not consider the effect of the addition of Antiscalants and/or SMBS on the Feed or Concentrate
composition.

« The addition of Antiscalants and/or SMBS can be deactivated by choosing the “Anti-Scalant” and/or “SMBS”
buttons a second time. The green dots would turn gray.

o The list of chemicals for Antiscalants in defined by the user as shown in Section 1. Antiscalant manufacturers
should always be consulted for the appropriate dosage of antiscalant.

« WAVE allows addition of Antiscalants and SMBS only in the st Pass and does not allow chemical addition

between stages.

Calculation of Scaling Risk

The Chemical Adjustment Popup Window in WAVE provides a convenient way to calculate the risk of scaling. Within
the Chemical Adjustment Popup Window, the user can modify pH, temperature and Pass Recovery.

To calculate scaling risk at different Recovery values, one must follow these steps:
1. Click on the dropdown arrow next to the Recovery field.
2. Select the appropriate Recovery value:
3. Basic default (75%),
b. One based on the given RO/NF/ROSC configuration,
c. One based on the previous WAVE run
d. Another values (using the ‘Specify’) option.

3. The composition table would be updated automatically.
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Figure 140. Scaling risk calculation using: Different recovery values
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To calculate scaling risk at different temperature values, one must follow these steps:
1. Click on the dropdown arrow next to the temperature field.
2. Select the appropriate temperature value:
a. Design temperature
b. Maximum temperature
Cc. Minimum temperature
d. Another values (using the ‘Specify’) option.
3. The composition table would be updated automatically.
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Figure 141. Scaling risk calculation using: Different recovery values and Different
temperatures

Notes:

o Scaling risk in the Chemical Adjustment Popup Window is calculated in terms of the Langelier Saturation Index
(LSI), Stiff & Davis Index (S&DI) as well as % saturation for some salts (CaS04, BaS04, SrS04, CaF2), Mg(OH)2 and
Si02 .

« WAVE does not provide a mechanism to estimate the efficacy of antiscalants. Thus the user is advised to consult
with an antiscalant manufacturer.

o Eventhough the user can estimate the scaling risk using different recovery and temperature values, neither the
recovery nor the temperature values are transferred outside of the Chemical Adjustment Popup Window. If the
user discovers a combination of temperature and recovery that would minimize scaling risk, he/she would have
to copy over the values into the Home and Reverse Osmosis Tabs and perform the design again.
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42 REVERSE OSMOSIS - FINAL CALCULATION AND REPORT GENERATION

Once the system design inputs are available in WAVE, WAVE can be run to model the system. The details of the
following actions that can be performed to generate, modify and handle the reports are described below:

4.2.1 Generation and Understanding of Summary report

Once all the required inputs are in place in the Ultrafiltration Tab, the RO system can be simulated by clicking on the
“Summary Report” Tab to generate the Summary Report and the “Detailed Report” button as shown in Figure 142.
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Figure 142. WAVE simulation and report generation for UF

In the Summary report the RO system diagram and some key output are described as shown below.

The RO system is described in a Pass level Process Flow diagram as shown below. The streams are numbered for clarity.
This would look different from the RO/NF/ROSC Process Flow Diagram in the Reverse Osmosis Tab (which describes the

process at the Stage level).

rom — 3
Configuration Usar Settings Feed Setup Report Help i WAVE Answer Center
Temperature; Report Language:
Detailed Report | b Save To Water Library | Desian v | English-United States Export to PDF
Run Batch | 150 °C
Calculations. Water Library Temperature: Language Recovery Export Project Summary Report

| Home ] Feed Water ! Reverse Osmosis | Summary Report

() Quick Help

Reverse Osmosis

RO Summary Report
RO System Flow Diagram

2P
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These tables provide an overview of the RO/NF/ROSC system.

- Flow TDS Pressure
# Description (m3/h) (ma/L) | (bar)
1 |Raw Feed to Pump 89.47 180 I 0.00

2 |Net Feed to Pass 1 | 89.45 180 | 743

4 |Total Concentrate from Pass 1 ] 21.47 745 | 5.35

6 |Total Permeate from Pass 1 ‘ 68.00 1.01 | 0.00

RO System Overview

Total # of Trains 1 Online = 1 Standby = 0 RO Recovery 76.00 %
System Flow Rate (m3/h) | Net Feed = 89.47 Net Product = 68.00

Pass Pass 1
Stream Name Stream 1
Water Type Surface Water (SDI < 5)
Number of Elements 72
|[Total Active Area (m2) 2675.61
Feed Flow per Pass (m3/h) 89.45
Feed TDS (mg/L) 180
Feed Pressure (bar) 7.43
Flow Factor 1.00
Permeate Flow per Pass (m3/h) 68.00
Pass Average flux (LMH} 25.4
Permeate TDS (mg/L) 1.01
Pass Recovery 76.0 %
Average NDP (bar) 6.03
Specific Energy (kWh/m*) 0.34
Temperature (=C) 15.0
pH 7.20
Chemical Dose
RO System Recovery 76.0 %
Net RO System Recovery 76.0%
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There are several components to note from the Overview Table

1

2.

The Chemicals added to adjust pH and prevent scaling

In the case of more complicated designs (e.g. involving permeate split or feed bypass), there would be
asterisks on the Stage and Pass respectively that mark where the split or bypass happened. The useris then
urged to look at the RO system diagram and flow tables for clarification.

RO Flow Table (Stage Level) - Pass 1

#Els Feed | Concentrate Permeate
Stage| Elements | #PV Per | Feed | Recirc | Feed | Boost | Conc | Conc | Press  Perm | Avg | Perm  Perm
Flow Flow Press Press Flow Press Drop Flow Flux Press s
(m2/h) | (m*/h) | (bar) {bar) | (m3/h)| (bar)  (bar) = (m3/h) (LMH) | (bar) (mg/L)
1 | ecoro4oo | 8 | 6 | soas | 000 | 700 | o000 | 4166 | 620 | o | 4.s0 | 268 | 000 | o083 |
2 | ecorroaoo | 4 | 6 | auss | 000 | 610 | 000 | 247 | 535 | o7 | 020 | 26 | 000 | 1 |

The RO Water Quality Table provides a convenient summary of the process by describing the feed and permeate
compositions for all passes and permeate split streams, as well as a blended final product stream.

RO Solute Concentrations - Pass 1

Concentrations (mg/L as ion)
Feed Conc. Permeate

Stagel | Stagel | Total

NHs" | 0.00 0.00 0.00 0.00
K | 408.41 | 728.40 | 3.07 .07

Ma® | 11,0338 | 19,695 | 7184 | 71.94
Mgz | 1,314 | 2,342 | 1.88 | 1.98
Ca™ | 421,69 | 754.09 | 0.63 0.63
or'z 8.14 14.56 0.01 0.01
Ba™2 0.00 0.00 0.00 0.00
COs72| 18,85 | 35.68 0.00 Q.00
HCO:™| 114,55 | 201.37 1.05 1.05
NO:™ | 0,00 0.00 0.00 Q.00

cl” | 19,835 | 35,395 | 118.78 | 118.78
F 1.33 2.37 0.01 0.01
Q0472 2,776 | 4,965 1.65 1.65
Br 0.00 0.00 0.00 Q.00
C0z 0.45 0.99 0.53 0.53
Si0z 1.00 1.79 0.01 0.01
Boron | 4.59 7.47 0.54 0.94
TOS | 35552 | 64,190 205 205
pH 8,10 8.05 545 6.45
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WAVE provides Design warnings as well as potential solutions. The Pass, Stage and Element at which the warning is

triggered is identified:

RO Design Warnings

[ Design Warning ‘ Limit Value i Pass Stage Element Product
iEIemmt Recovery > Maximum Limit (%) ‘ 1500 | 1567 | 1 1 3 ‘ ECO PRO 400
RO Flow Table (Element Level) - Pass 1
Stage Element Recovery Feed Flow Feed Press Feed TDS Conc Flow Perm Flow Perm TDS
(%) (m3/h) (bar) (mg/L) (m3/h) (m>/h) (mg/L)
1 1 933 11.18 7.09 180 10.14 1.04 0.90
1 2 10.03 10.14 6.90 198 9.12 1.02 0.90
1 3 10.92 | 9.12 6.74 220 8.13 1.00 0.90
1 4 12.07 8.13 6.60 247 715 0.98 0.90
1 o 13.59 7.15 6.48 281 6.18 0.97 0.90
1 6 15.67 6.18 6.38 325 5.21 0.97 1.00
2 1 8.59 | 10.42 | 6.10 385 9.52 0.89 1.00
2 2 9.12 9.52 | 593 421 8.65 0.87 1.00
2 3 | 9.77 8.65 | 5.78 463 7.81 0.85 1.10
2 4 10.59 7.81 5.64 513 6.98 0.83 1.20
2 5 11.64 6.98 553 573 6.17 0.81 1.30
2 6 | 13.00 | 6.17 | 343 649 5.37 0.80 1.50

The scaling risk is summarized in the table below. In the RO Scaling Table, WAVE would flag % saturation values > 100,
LSI >0 and S&DI >0 by changing the color of the number to red. However, only one of LSl or S&DI would be displayed in
the top panel. The display is based on the concentrate characteristics.

RO Solubility Warnings

Warning Pass No
Langelier Saturation Index > 0 | 1
Anti-scalants may be required. Consult your anti-scalant manufacturer for dosing and maximum allowable system recovery. | 1
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RO Chemical Adjustments

Pass 1 Feed mé;;':a“ Pass 2 Feed P:il_:_:g:m

pH 7.20 7.62 5.24 5.57
Langelier Saturation Index -1.42 -0.12 -7.53 -5.26
Stff & Davis Stability Index 0,31 0.61 -4,73 -3.63
TDS (mg/1) 145 440 0.3 3.2

Tonic Strength (malal) 0.00 0.01 0.00 0.00
HCO" (/L) 74,82 21996 0.68 2.00
Oz (magyT) 8,43 8.73 .27 8.79
Ce2 (mg/L) 0,06 0.58 0.00 0.00
250, (%% saturation) 0.11 0.88 0.00 0.00
BaS, (% saturation) 0.00 0.00 0.00 0.00
Srs0, (% saturation) 0.00 0.00 0.00 0.00
CaF: (% saturation) 0.00 0.00 0.00 0.00
Si0y; (% saturation) 2,09 26.84 0.01 0.07
Mg{OH)z (9% saturation) 0.00 0.00 0.00 0.00
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Standard Mode without Compaction

Once all the required inputs in the Reverse Osmosis Tab, the Flow Calculator Pop-up Window and the Chemical
Adjustment Popup Window are in place, the RO/NF/ROSC system can be simulated using the following step (Figure 143):

1. Click on the “Summary Report” tab. The simulation results would be generated in a Summary report.

2. For Detailed Report, click on "Detailed Report™tab.

Configuration  User Settings ~ FeedSetup | Repot | Help FNRVE roewes canter; | || IS DURK Hel

Detailed Repant L sl R Raport Language: i
kel Save To Water Library Design '| | 250 |°C English-United States | Transfer RO Recovery Export to PDF

Run 3atch

Calculations. Temperature: Language Recovery Expart Project Summary Report

RO Summary Report ‘,,
RO System Flow Diagram

1] |E]
|
"
g | ‘Flow | TDS | Pressure |
k3 bescriotion ) e =l
1 |Raw Feed toPump | o13s0 ;2 | 000 |
H 2 |Nek Faed to Pass 1 [T %065 | 5208 |

Figure 143. WAVE simulation and report generation
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Standard Mode with Compaction

RO/NF membrane compact when feed pressure is applied on them; however there is little lasting impact on
performance estimated by default in WAVE. It is possible to incorporate the possibility of lasting impact on membrane
performance by the combination of increased temperature and operation at high pressure in WAVE as follows (and in
Figure 144):

1. Click on the Reverse Osmosis Tab.
2. Click on the “Compaction” button. The Compaction Feature Popup Window will appear.
3. Click on the checkbox next to “Account for flux loss at high temperature”

4. Setthe highest temperature the system is exposed to

: u“ "
5. Click "Save
- canﬁgurauon User Settings Feed Setup Report Help 4 WAVE Answer Center | figh Quick Help
3:‘ ' "““4: s Cae || | add Chemicals/De g» FTOC Rejectio
H Prassure: () psi @ bar u
Temperature: (| 9F @ °c anag RO TOC Rejf
Flux: (T gfd @ LMH
Units More Cases Water Chemistry Adjustments = RO Special Feat UF Special Features
E Hnm;i Feed Water | Reverseamors\s",ﬂmmynzpnrt |
Reverse Osmosis Pass Configuration oM A =]
Configuration fer Pass 1 Flows Irrevessibie fiux loss happens when the membrane i excosed o high
Pass 1 d pressure, even t=mpararily. T  for this effect check the
Humber of Stages Feed Flow hm: e e A T b ng;m"mm will be sxpos=d
Add Pags @1020: 0405
Baciyéey h-ah Temperature Effect
Parmeate Flow Acoount for imeversible flux boss at
o Facor L e,
M | Flux tghm Tempennce: | w00) T
e T ture [Desn v ©
& emperaare [pmgn  v][ 550 ] Cone. Recycle Flow e
z [ Goocd | [ hcceptand Continue |
H Bypass Flow
» e == T
Stage 1
# PV par smage 132 Permeste
# s par BV 8
Elemant Typa | SWROHRLE4400 -
Specs.
Total Els per Stage 792
Bre-stage AP (bar) 0.34
\ Back Press (ba) 0.00 !
Boost Pressure (bar) A
Feed Press [bar) a
% Canc 2 Fesd 0.00

Figure 144. WAVE report regeneration and additional simulation by including compaction:
Selecting Compaction and Setting the highest temperature and enabling the compaction
calculations

Notes:

o The highest temperature entry in the Compaction Feature Popup Window can be different from the Maximum
temperature set in the Feed Water Tab but it has to be between the Minimum and Maximum temperatures set
in the Feed Water Tab.

o The Compaction button would be active only for seawater feed.

o There is a second way of modeling compaction; using the Batch Processing mode as described next.
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Batch Mode

In designing RO/NF/ROSC systems, there is often interest in understanding the behavior of the system at multiple
design conditions. Rather than changing the parameters one at a time, WAVE provides the possibility of simulating the
system at multiple values of select parameters: Temperature and Flow Factor. WAVE is run in Batch mode as described

below.

1. Create a case and generate the Summary Report.

2. Click on the “Run Batch” button. The Batch Processing Popup Window will appear (Figure 145).

% WAVE Answer Center | (ig Quick Help

Export ko PDF

User Settings Feed Setup Report Help
Temperature: Report Language:
Il Save To Wiater Library | | Deson w|| 250 |°C | English-United States
Batch Processing

Water Library

points. From thesa inputs

it Ieput Sarsmerers | OutputParameters | Batch Cases |
Reverse Osmosis | T
Entar the mi and maximum and tha number of
the i d numbr of lues wil be calcul

RO Summary Report

RO System Flow Diagram Madmum  #

Note: The temparature limits balow are the same as the Fead Water Temperawre limits by defauit. Users
can define other minimum and maximum emperature values as lang 2s they are within the feed water

Minimum of
Temperature Te Points

100 ¢ 400 C |

Flow Factor Range

points. 7 the
sombinations will be ealeulated

Number of
Ineresment Values

[1s00 ] E3

Enter minimum and maximum flow factor values for the relevant Passes and the number of intermediate
o factar d the tizl number of emperature - fow facior

2 |Net Feed to Pass 1 |

[Eu] = Minimum  Madmum B of Intesmediste  Flow Factor  Numbor of Temperature
F FlowFactor  Flow Factor Points Increment  Flow Factor Combinations:
Pass1 oss! 100 [ [ oors|
Pass2 ow] [Tl (i (o] s
Imeversible flux loss happens when the membrane is. [ | Account for imeversible fiux less at
exposed 1o high temperature and pressure, even tempararily.  high temperasure below
To account for this effact chack the box to the fightand enter | 1y i T
| e Fighest oo ature s merndinameurll b wsprociad o High Temperanure Value [ 0.0/°C
f — e e
# Description|
1 |Raw Feed toPump RS 000
51168 38,045 52.08

Figure 145. Running WAVE in Batch Mode: Activating Batch Mode

3. Update the Minimum and Maximum temperature values if needed.

4. Update the number of intermediate points of interest between the Minimum and Maximum temperature
values. WAVE would automatically calculate the temperature step size.

5. Update the Startup and Long term Flow Factor values for the relevant Pass. By default, the values are 1and 0.85
respectively for all passes.

6. If compaction needs to be considered, check the box next to “Account for flux loss at high temperature” and

specify the highest temperature the membrane is exposed to.
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7. Click on the Output Parameters Tab in the Batch Processing Popup Window and confirm that all the variables
of interest are going to be displayed Figure 146).

Configuration User Settings Feed Setup Report Help & WAVE Answer Center | - (g Quick Help
Detailed Report Terngseraiurs: Hoeport: Language:
b Sava To Water Library | | Dasion 2| | 280 |o¢ | English-United States | | Transfer RO Racovery Export ko PDF
Run Bacch
Calculations | Batch Processing m Praject Summary Report
[ ome [ redwater [ - B
Input P Ohutput P [ Batch Cases
Rewonse Osnosis | S
I Overall System o
|'_{l Raw Water Flow = -
RO Summd{ E]RawWawTDS Parameter Pass 1 Pasz 2 |— |
; Elows Factar B | [ |
RO System F P .4 L =
¥: [V Raw Water Baron 20 Recovary Fl i
[¥] Final Produet Flow Feed Prassure e | [ |
[] Final Product TDS Aveeiie Flix v = |
e Feed pH 7
[¥] Final Product Beren B = Flow Ci
[¥] Totl System Recovery Permeate TOS Fi
Permeate Beron (] ] i
1 I Reverse Osmosis System Front Permeate Flow E]
: [/] RO Fesd Temperature Front Parmeste T05 I
@ AQ Feed TOS Front Permeate Boron [ =
: Fear Permeate Flew
il B
[ RO Feed RearPermeste TDS | | | =
[¥] RO Permeste Flow Rear Permeate Boron 14 L
[¥] RO Permeata TDS ‘
@ RO Permeate Boron W
RO Recovery
i
a
1 |Raw Feed :
2 Nek oo o Pass 1 ‘ 1G5 | 3,00 ‘ LV LS ‘ -
»

Figure 146. Running WAVE in Batch Mode: Confirming desired output of Batch run
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8. Click on the Batch Cases Tab in the Batch Processing Popup Window and select which combinations of
Temperature and Flow Factor are to be converted to Cases. WAVE would generate a table with all the possible
combinations of the given Flow Factors and the Temperature values (including the minimum, maximum and
all intermediate values) and the corresponding results (Figure 147).

Batch Processing

Input Paramaters

Output Parameters Batch Cases

Creatz Case | Temperature Pass 1Flow Factor  Raw Water Flow  Raw Water TDS  Raw Water Boran  Final
v 10 0.85 38 35552 .36 459 402.07
il 10 0.925 38 35552 .36 459 402.07
v 10 1 38 35552 .36 459 40207
J 25 0.85 0 0 0 0
i 25 0.925 1] [} [} [
J 25 1 1] [} [} [
v 40 0.85 0 0 0 0
Fi 40 0.925 0 0 0 0
J 40 1 1] [} [} [

1 m b

I
3 Outof 8 rows have been populated.
Gl

Figure 147. Running WAVE in Batch Mode: Selection of which combinations to test and

implementing the batch run

9. To generate Cases, click on the ‘Create Case” button (Figure 147).
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10. Click “Calculate Batch”. WAVE would start to populate the empty fields (selected in the Output Parameters tab)
with calculation results (Figure 148).

Batch Processing

| Input P: | COutput P Eatch Cases

Create Case | Temperature  Pass 1 Flow Factor  Raw Water Flow  Raw Water TDS  Raw Water Boron  Final
l 10 0.85 5138 35562.86 459 402.07
il 10 0.925 5138 35562.86 459 402.07
il 10 1 5138 35562.86 459 402.07
l 25 0.85 5138 3556288 459 402.07
i 25 0.925 5138 3566288 459 4021
i 25 1 5138 3566288 459 4021
v 40 0.85 5138 3556281 459 402.07
i 40 0.925 5138 3556281 459 402.07
i 470 1 9138 35882.91 4593 402.07

1 mn 2

Calculzte Batch Cancel Batch

Figure 148. Running WAVE in Batch Mode:Final output

Note: By default the temperature entries in the Input Parameters tab of the Batch Processing Window are taken from
the entries in the Feed Water Tab but they can be over-ridden for Batch calculations.

4.2.2 Generating and Understanding the RO Detailed Report

RO Detailed Report can be generated as shown on Figure 149.

BSsimam  Configuraon | UserSattings Feeq
Flow: O gom @) '
oed mid
prissre: O ps @
| o B :
o e 5 WAVE Arwer Canter | i Quick el
unts (More]  Cases :
s s o I [y ]
Export o PF
Reverse Osmosis Pass Configur ﬂ
¥ Canfiguraton for Pass 1
[Py ; ety Export Pajeck Sumenary Rapast
ssd pus 10105
B B Configuration  UserSettings  FesdSetwp  Resort | Help
g Temperarure [Dus  <|[30 | Rp & S g i ;
s R I Save To Water Library | | Desin x| 30 |% | Englhunied States =
Rom Bch
» .
755&7"‘ Calculations Water Library Temperature, Language
=1 [ Home [ Feod water | Reverse Camosis | Detaiied Rnport
= (i Jokzp M3 & W~ | 100% - Find | Not
WATER APPLICATION VALUE ENGINE |
DOW WATER & PROCESS SOLUTIONS
' WAVE Program Version: 1.37.373 - l
L& Galculation Engine Version: 9.19
Database Version: 7.1
ProjctName: RO SW Ex 1

Figure 149. Generation of Detailed Reports in WAVE
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Detailed Report Components are given on page 2 of the report and are shown below.

RO Detailed Report
RO System Flow Diagram

=
[2] [Pass37](6 ] Pass.
# |Description Flow TDS Pressure # | Description Flow TDS Pressure
(m*/h) (meg/L) (bar) (m?/h) (mg/L) (bar)
1 |Raw Feed to Pump 54.45 149 0.00 2A |Net Feed to Pass 2 43.02 09 12.96
2 |Net Feed to Pass 1 61.47 133 6.87 4A | Total Concentrate from 7.03 32 7.81
Pass 2
4 |Total Concentrate from 18.44 440 6.54 5C |Concentrate Recycle from 7.03 3.2 7.81
Pass 1 Pass 2toPass 1
6 |Total Permeate from 43.03 0.88 0.00
Pass 1
9 | Product before Use for 36.00 0.5 -
UF
Further details of the simulation results are given below.
RO System Overview
Total # of Trains 1 Online = Standby = 0 RO Recovery 66.10 %
System Flow Rate (m3/h) [NetFeed = 54.45 Net Product = 36.00

Flows, stream concentrations and scaling risks are detailed per pass. More flow details are provided at the Stage level
and Element level for each pass.

Pass Pass1 Pass 2
Water Type Surface (SDI < 3) RO Permeate SDI < 1
Number of Elements 54 24
Total Active Area (m?) 2006.71 981.06
Feed Flow per Pass (m?3/h) 61.47 43.02
Feed TDS (me/L) 133 0.9
Feed Pressure (bar) 6.87 12.96
Flow Factor 0.95 1.00
Permeate Flow per Pass (m?3/h) 43.03 36.00
Pass Average flux (LMH) 214 36.7
Permeate TDS (mg/L) 0.88 0.51
Pass Recovery 70.0% 83.7%
Average NDP (bar) 6.05 10.58
Specific Energy (kwh/m?) 0.43 0.58
Temperature (°C) 12.0 12.0
pH 7.20 5.24
Chemical Dose
RO System Recovery 66.1%
Net RO System Recovery 66.1%
Specific Energy (kWh/m?) 1.10
RO Flow Table (Stage Level) - Pass 1
Feed Concentrate Permeate
Stage Elements #PV | #Els | Feed | Recirc | Feed | Boost | Conc | Conc Press | Perm |AvgFlux| Perm Perm
per Flow Flow Press Press Flow Press Drop Flow Press TDS
PV
PV | (m¥fh) | (m*/h) | (bar) | (bar) | (m’/h) | (bar) | (bar) | (m%*/h} | (LMH) | (bar) | (mg/L)
1 ECO PRO 400 6 6 61.47 0.00 6.53 0.00 3417 5.73 0.80 2731 204 0.20 0.89
2 ECO PRO 400 3 6 34.17 0.00 745 2.07 18.44 6.54 0.91 15.72 235 0.00 0.85
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In case of permeate split, WAVE does not create an additional element; instead it ‘extends’ or ‘shrinks’ the adjoining
elements so that the number of elements in the pressure vessel remains constant. The elements marked in the
asterisks are thus virtual elements.

RO Flow Table (Stage Level) - Pass 1
[ — Feed Concentrate Permeate
Stage Elements | #PV | per Feed Recire | Feed Boost conc | Conc press | perm Avg Perm Perm
Flow Flow Press Press Flow Press Drop Flow Flux Press TDS
(m3/h) | (m*/h) (bar) (bar) | (m*/h)  (bar) {bar) | (m3/h)  (LMH) | (bar) = (mg/L)
IF | Ecopro40o | & |Lo7* | 60.06 [ 000 | em ‘ 0.00 | 54.98 | 613 | 018 | 508 ‘ 211 | 033 | 09
IR | ECOPRO400 | 6 |4.93% 54.98 0.00 | 613 ‘ | 33.37 | 5.53 0.59 21.61 ‘ 19.9 | 0.20 0.9
| 2 |Ecoproaoo | 3 | & | 3337 | 000 | 726 | 207 | 1802 | 638 0.88 135 | 228 | ooo0 | o086
* Design includes Permeate Split. Please refer to the RO System Diagram.
Solute concentration is given in a below table:
RO Solute Concentrations - Pass 1
Concentrations (mgfl asion)
Adjusted Feed Concentrate Permeate
Raw Feed|  Initial After Stagel Stagel Seagel Stmge? Totmlta
Recyde Pass 2
MHs* 0.00 o.00 0.00 00D LR ] o.00 0.00 0.00
K* 140 140 125 2.23 413 o0l 0.0 001
Na* 5.00 .00 g0 1436 26.56 00s 0.05 006
Mg=? 5.00 5.00 444 757 1476 o0l 0.0 001
ca*? 2100 21.00 1554 33.48 61.59 00s 0.05 0.05
Sre2 0.00 0.00 0.0 0D LR ] ooa 0.00 0.00
Ba*? 0.00 o.00 0.00 00D LR ] o.00 0.00 0.00
ooy 0.06 0.06 o0.os 016 058 o.00 0.00 0.00
HOO,~ | 74E2 7482 66.50 119.20 219.96 069 0.66 058
WOy 100 100 0.E9 160 255 o0l 0.01 001
cr E.DO E.00 7.10 12.76 23.62 00z 0.02 o0z
F 0.00 .00 .00 [eXe ) LR 000 0.00 0.00
0572 20000 0100 17.73 31.88 5804 003 0.0z ooz
B 0.00 0.00 0.0 0D LR ] ooa 0.00 0.00
o0z EAa3 843 847 E53 ET3 E24 832 BT
5i0: 5.00 2.00 758 1435 26.56 o0l 0.0z 001
Boron 0.00 .00 0.00 [+Xial L] 0.00 0.00 0.00
TDS 139 149 133 38 440 059 0.585 [k
pH 7.20 7.20 7.15 738 T.62 5.24 5.22 524
RO Design Warnings
MNore
RO Flow Table [Element Level) - Pass 1
Stage | Element Recovery Feed Flow Feed Press Fead TDE Conc Flow Perm Flow Perm Flux Perm TDE
%) {m?/h) [bar) [mg/L} im?/h) [m*/h] (LK) ima/Ly
1 1 7El 10.25 653 133 945 0.60 215 0.90
1 z B.25 8.45 B35 144 857 0.78 210 0.90
1 3 E.78 B.57 619 157 791 0.78 s 0.90
1 4 Das 7.91 605 iz 716 0TS 201 090
1 5 10.28 716 593 189 642 0Te 1598 090
1 1 1135 6.42 582 11 560 [FivE] 156 090
2 1 B9 1139 745 238 1047 05 248 0.80
2 z B.57 10.47 725 258 957 0.50 41 0.50
2 3 5.15 857 707 2E3 870 0.68 23.6 0.50
2 4 0.E9 E.7D 691 31z 7B4 0.66 131 0.90
2 5 1082 T.E4 677 345 6.99 0.65 228 0.90
2 8 1202 6.95 665 367 615 0.62 216 0.90
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RO Flow Table [Stage Level] - Pass 2

Feed Concentrate Permeate
Stage Elzment #PV | FEs Feed Recirc | Feed Boost Conc | Conc Prass Perm | &wg Flux| Perm Perm
per Flow Flow Press Press Flow | Press Drop Flow Press TDS
PV
PV | [m?n) | fmi¥/k) | [bar) | [bar) | (mik) | (berl | fbar} | (k) | [UWH) | (bor) | [ma/l)
1 ECO PRO 240 3 ] 43.02 0.0 1276 oo 1465 | 1057 219 2838 3886 .00 0.0
2 ECO PRO 240 1 ] 1485 0.0 1037 oo 703 7EL 256 7.63 311 .00 053
solute Concentrations - Pass 2
Concentrations {mgfL as ion)
Concentrate Permeate
Feed Stagel Staged Stagel Stage? Total
NHs* 000 0.00 0.00 oo 0.00 oo
K* ool 0.z 0.05 oon 000 .00
Na* 1] 0.16 0.3z oo 0o oo
Mg o0 0.02 0.os oo 0.00 oo
[ [+ 1] 0.16 0.3z oon 000 .00
52 000 0.00 0.00 oo 0.00 oo
Ba*? 000 0.00 0.00 oo 0.00 oo
ooy 000 0.00 0.00 oon 000 .00
iy 06s 114 2.00 043 0.51 o.49
MOy~ ool 0.03 0.05 oon 000 .00
cr 0oz 0.5 011 oon 000 .00
F 000 0.00 0.00 oo 0.00 oo
50,7 0oz 007 015 oon 000 .00
B~ 000 0.00 0.00 oon 000 .00
Oz B27 .82 878 05 835 E11
il ool 0.0 0.08 oon 000 .00
Boron 000 0.00 0.00 oo 0.00 oo
TDS 0 171 318 050 053 0.51
pH 524 544 5.67 511 511 511
RO Flow Table (Element Level) - Pass 2
Stage | Element Recovery Fe=d Flow Feed Press Feed TDS Conc Flow Perm Flow Perm Flux Perm TD'S
(%] {m*/h) (bar} [mg/L) (m*/h) [m*/h) (LMaH) (mg/L)
1 1 17 168 12.76 o9 1266 188 a11 as0
1 2 1276 lez 1217 o9 1105 162 39.5 050
1 3 1470 157 1169 1o 54z 157 ina as0
1 a 16.22 154 1179 11 T8 154 76 as0
1 3 19.21 153 10.98 12 BAZ 133 T3 050
1 & 2388 153 10.74 1a 458 153 75 as0
2 1 9.51 121 10.37 17 13.35 141 345 as0
2 2 10.08 132 276 13 1191 134 r7 050
2 3 10.71 128 923 20 1064 128 iz as0
2 a 1158 123 577 22 541 1313 301 as0
2 3 1273 120 £33 24 B2 120 28.3 050
2 & 1438 118 507 18 703 118 pr- -] as0
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RO Solubility Warnings

Moire

RO Chemical Adjustments

Pass1 | ROI™ | Pass2 | RO2™
Feed Pazz Comc | Feed Pazz Conc

pH 7.20 762 51 5.67
Langelier Saturation Index -1.42 -012 -793 -6.26
5tiff & Dawis Stahbility Index 4031 061 -1.79 -1.63
TDS {mz]) 148 440 049 3.2
lonic Strength {maolal) 0uoa oo 0.00 000
HCOs™ [mgfL) T4.E2 21996 0.68 2.00
CO3 (mgf1) EA43 &873 8.7 879
Cids™ {mefL) 0LDS 0.58 0.00 000
Cza50y (% saturation) o1l 0.58 0.00 000
Ba50y (3 saturation) 0uoa 0D 0.00 0,00
5r504 [ saturation) 0Loa 0D 0.00 000
CaF: [% satwration) 0oa DD 0.00 0.00
5l % saturation) 509 26.84 0.0 oar
MgiOH]z {% saturation) 0o 0.0 0.00 0.00

Costs are reported for the RO system as shown below.
The service water costs have two components:

« Non-product feed water - this is water that the plant would have paid to get but would not be using (because it
is discharged).

o Waste water - this is water that the plant has to pay to remove from the premises
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RO Utility and Chemical Costs

Service Water

Flow Rate Uit Cost Cost Cost
[m#/h} 15/m*) [S/hr) 544}
Mon-Product Feed 'Water
Pasz 1 1844 014 258 6157
Pasz 2 000 014 L] L]
Total Non-product Feed Water 1844 258 6157
Cast
Waste Warer Disposal
Pass 1 1844 069 12.73 305.41
Pasz 2 000 063 L] L]
Total Waste Water Disposal 1844 12.73 305.41
Total Service Water Cost 36736
Electricity
Peak Power (k) 38,65
Enargy [KWh/g] 05151
Electricity Unit Cost [S/aWh) 0.09
Electricity Cost (5] BS54
Specific Energy [KWhyim?) 110
Pump Flow Rate Power Energy Cost
[m#/h} (kW) [kWh/d] 544}
Pass 1
Feed 6147 1554 3252 3443
Stage 2 Boost 3417 267 64.00 5.76
Pasz 1 Totzl Electrical Cost 1861 44652 40.19
Pass 2
Feed 43.02 2104 50498 4545
Pass 2 Total Electrical Cost 2104 50499 4545
Chemical
Chemical Unit Cast Doz Viglume Cost
(5kg) [ma/L) W) 544}
Total Chemical Cost 0uDg
Utility and Chemical Cost {50d) 453.02
Specific Water Cost [im®) 052

Information provided is offered in good faith, but without guarantess. Usars of such information assuma oll risk and Bability and expressly release The
Dow Chemico! Compony and its subsidionies, officers ond ogents from any ond oll lichiity. Becouse use conditions and appiicable iows may differ from
ana focation to another and may change with time, users of information set forth harain or generated during use of WAVE are respansibis for
detarmining suitability of the information. Neither The Dow Chemical Compary nar its subsidiaries assume any fability for resufts obteined or damages
incurred from the use of information provided and TO THE FULLEST EXTENT PERMITTED BY LAW, EXPRESSLY INSCLAIM ALL WARRANTIES, EXPRESSED OR
IMPLIED, INCLUDING WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICLILAR PURPOSE. Users will not axport or re-export ony information
or technology recenved from The Dow Chemicel Compony or its subsidiories, or the direct groducts or designs based upon swoh information or techrology
in wiolotion of the export-control or customs laws or regulations of any country, including those of the United States of America.

Even though in simple systems the non-product feed water and the waste water are the same, in more complicated
systems they would not be. For instance, if extensive chemical cleaning is used in RO to maintain recovery, the non-
product feed water cost would remain the same but the wastewater disposal cost would increase.
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4.2.3 Modification of System Design after Calculation

WAVE makes possible regeneration of the report through:

Modification of the Feed Temperature

After the first simulation of the system, a WAVE user can rerun the simulation at a different temperature by following
these steps (Figure 150:

1. Click on the dropdown arrow under “Temperature” in the Summary Report Tab.
2. Select the appropriate temperature value:

a. Design temperature
b. Maximum temperature
C. Minimum temperature

d. Another values (using the ‘Specify’) option.

3. Click on the “Summary Report” button.

Configuration User Settings Feed Setup Report Help % WAVE Answer Center g Quick Help
Detailed Report i i | t
bd save o Watw» 250 |°¢| | English-United States | | Transfer RO Recove Export b PDF
Run Batch o
Dasgn
Cakulations Water Library —r perature: Language Recovery Export Project Summary Regort
[ Home [ Feed water | Revem*l Summary Report

RO Summary Report
RO System Flow Diagram

m

[Flux Loss by Compaction High Temperature
is considerad- Maximum Temperature =40°C)

Flow | TDS | Pressure |
(m2fh) (mg/L) {bar)
1 |Raw¥eed to Pump 913.80 35,962 0.00
7 |Net Foed to pass 1

| a11.A7 38.046 sas | i

Figure 150. WAVE report regeneration and addition simulation by changing feed
temperature

4. The report will be updated with recalculated values.
Notes:

o The same Minimum, Maximum and Design Temperatures specified in the Feed Water Tab would be shown in
the dropdown list in the Report Tab.

o The temperature specified at this step would not be propagated to other windows (e.g. the Chemical
Adjustment Popup Window)
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Modification of the System Recovery

WAVE makes it possible to send the System Recovery calculated at the Report Tab to the Home Tab to be used for
additional work. This can be done through the following steps (as shown in Figure 157):

1. Afterrunning a report, click on the Home Tab and right-click on the Technology symbol

2. Select “Define Recovery” from the dropdown list. The Define Recovery Popup Window would appear.

3. Select the radio button next to “Use Last Calculated Value” and click “OK”

4. Click on the Report Tab

© |4 » |UFExample 2 - Surface Water - (=] B ]
Configuration User Settings Feed Setup Report Help i WAVE Answer Center 16 Quick Help

: b
Flow: O gom @ mi/h Add Case | | [mfm iidd Chemicalz/Daga:
Jgpd O myd
pressure: O psi @ bar
Temperatwre: ) %F @) °C Manage | | | JA Adjust Finsl pH
Fux:{)gid @ LMH_
Units |Mare Cases Water Chemistry Adjustiments

Home | Fead Water | Reverss Osmosis | Summary Report |

RO TOC Rejection

RO Special Features | UF Special Features

UF Example 2 - Surface Water -
Wieicome. To get started on your new project:

1. Specify either your water i i

2. add processing steps from the tool palette

3, Mouse over items for help and hints

¥ ABN HIND

Configure

Delete

Design Guidelines Based On;
| Surface. -

| Tools |

# | Pre-treatment

0Oo0

~ | Bulk Demineralization

Figure 151. WAVE report regeneration and additional simulation by changing recovery;
Updating estimated System Recovery and Selecting the new estimated System Recovery

Note: The “Update Estimated Recovery” button only updates the System Recovery.
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4.2.4 Handling the Reports (Saving and Exporting)

The Summary Report serves as a quick look at the results.

The Summary Report can be exported as a PDF document to a folder location of the user’s choice (Figure 152).

Filc ¥ Configuration User Settings Feed Setup Report Help £ WAVE Answer Center 16 Quick Help
[ E— Temperaturs: Report Language:
|l Save To Water Library | | Design - 250  |°C | English-United States | | Transfer RO Recovery Export to PDF
Aun Sauch
Calculations Water Library Temperature: Language Recovery ﬁpm Project Summary Report
[ Home | Feed Water | Reverse Gsmosis | Summary Repart |
Reverse Osmosis
RO Summary Report
RO System Flow Diagram E
0o Pa=s 1716 |
[Flux Loss by Compaction High Tempersture
is considerad- Maximum Temperature =40°C]
. Flow DS Pressure
# Descrij
ption | e | e
1 ‘Raw Fesd to Pump ‘ 513.80 | 35,962 | 0.00 |
2 Ihict Fad t D 1 | e | ownee | ocaa | v
v

Figure 152. Export. of Summary Report in WAVE as PDF

The Detailed Report can be exported to PDF or to Excel, Word or PDF as shown in Figure 153 and Figure 154. All of these
options lead to a folder location where the user can save the PDF, Excel or Word file.

ﬁ Configuration User Settings Feed Setup Report Help

Temperature:
oo ~]

Report Language:
English-Unitad States

Detailed Report

|l Save To Water Library w0 |

* WAVE Answer Center  Quick Help i)

Export to POF

Home | Feed Water wuﬁlm.rﬁwﬁ
‘ A -

{1 of 2 p ¥ li%

Find | Net

WATER APPLICATION VALUE ENGINE
DOW WATER & PROCESS SOLUTIONS

WAVE Program Version: 1.33.333
Calculation Engine Version' 9 14

Database Version: 6.6

Project Name: UF - Ex 1 - Waste Water
Case: Case 1
Prepared by Wave Tango

Figure 153. Export of Detailed Reports in WAVE - selecting the dropdown
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www.abpsoil.com

@ | » | UF Example 2 - Surface Water - =@ %
|ﬁ Configuration User Settings Feed Setup Report Help i WAVE Answer Center | Quick Help
Temperature: Report Language:
Detailed Report =
I seve Towater Ubrary | [Pasign  w| | 150 [ | Engish-united States Export to POF
= =
Caleulations Water Library Temperature: Language Recovery Export Project Detailed Report
| Home | Feed water | Utrafitzation | Detailed Report |
H 41 of 2p M | = @ |- 100% . Find | Nedt
Excel &
POF \
Word

WATER APPLICATION VALUE ENGINE
DOW WATER & PROCESS SOLUTIONS

'WAVE Program Version: 1.37.373
Calculation Engine Version: 9.19
Database Version: 7.1

Project Name: UF Example 2 - Surface Water

Case:

Customer:

Prepared by: Dow Water & Process Solutions
‘Company: pow

El

Figure 154. Export of Detailed Reports in WAVE - selecting the option
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5 lon Exchange

The lon Exchange (IX) system design in WAVE allows sizing of new systems, evaluating the performance of existing ones
and retrofitting existing plants to the UPCORE™ system. In order to design a new lon Exchange system, it is important to
understand the main inputs needed to help obtain an accurate and optimized design. These inputs include information
about the feed water composition, required feed water or product water flow rate, vessels and regeneration system,
regeneration conditions and product.

Once all this information is introduced in the system design software, it will populate a detailed lon Exchange System
Design report which includes a general process flow diagram, resins properties, sizing of vessels, regeneration protocols,
water quality and estimation of chemicals and energy consumption, among others.

IX system specification includes the following steps:

5.1 lon Exchange System Specification .. ... . 164

5.2 lon Exchange Final Calculation and Report Generation . ... ... .. . i e 193

5.1 lon Exchange System Specification

lon Exchange system specification includes the following steps:
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5.1.1 Adding IX Process Icons into the WAVE Home Window

The relevant IX icon can be dragged and dropped on top of the gray spot to specify a specific IX process (e.g. IXS/D, IXD,
IXMB) as shown in Figure 155. If the gray spot is not visible, simply dragging the relevant IX icon between the two large
blue arrows will make the gray spot visible.

WAVE provides the following IX process options:
o IXS/D =lon Exchange Softening/Dealkalization
o IXOS=lon Exchange Organic Scavenging
o IXD =lon Exchange Demineralization
o N =Nitrate Removal
o B=Boron Removal
o IXMB=lon Exchange Mixed Bed

o IXCP =lon Exchange Condensate Polishing

- -
@ | kd » | Untitled Project - Case 1 =B e

e =
Filt v Configuration User Settings Feed Satup Report Help & WAVE Answer Center |l Quick Help|

Add Case | | | Add Chemicsls/Degss

Manage

Cases Water Ghemistry Adjustments RO Special Features UF Spedial Features

Home | Faed Water | Summary Report |

Untitled Project - Case 1 -
Wielcome! To ger szarted on your new project: Technologies
1.5pecify the faad flowrate or product flowrate, # | Pre-treatment

2.5elect the technologies by dragging and drapping the correspending process icons between the two blue arows.
3.Select 2 water typ= from the drapdawn list for UF, RO or ROSC. @ @ @

~ | Bulk Demineralization

000

| Trace Contaminants Removal

00

¥ AeN D

) Split and Mix Points

Water Type: G
i 4 r?
-

Figure 155. Dragging and dropping IX icon
Notes:

o WAVE will only allow the IX icons associated with Pretreatment to be placed upstream of any WAVE icons (IX or
otherwise) associated with Bulk Demineralization, Trace Contaminant Removal or Polishing.

« WAVE will only allow the IX icons associated with Bulk Demineralization to be placed upstream of any WAVE
icons (IX or otherwise) associated with Trace Contaminant Removal or Polishing but downstream of the WAVE
icons (IX or otherwise) associated with Pretreatment

« WAVE will only allow the IX icons associated with Trace Contaminant Removal to be placed upstream of any
WAVE icons (IX or otherwise) associated with Polishing but downstream of the WAVE icons (IX or otherwise)
associated with Pretreatment or Bulk Demineralization.
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5.1.2 Removing IX Process Icons

There are two ways to remove the IX process icons:

1. Dragging and dropping the icons into the picture of the waste bin

2. Right-clicking on the icon in question and selecting “Delete”

Page 166 of 226

s
° | |d » |ION EXCHANGE SYSTEM SPECIFICATION IN WAVE - Case 1

E—

|
Filt v Configuration User Settings Feed Sstup Report: Help

Flow: )

Add Case || [ acdc

Temperatu Manage | | | A Adjust Final pH
Fi

(o oo

Home | Fesd Water | I¥ Sofy/Deslk | Dt Demin | Ix MB Polish | Summary Report |

‘Water Chemistry Adjustments RO Spedial Features UF Special Features

= WAVE Answer Center ) Quick Help

ION EXCHANGE SYSTEM SPECIFICATION IN WAVE - Case 1

Welcome! To get started on your new project:

1.5peify the fasd flowrate or product flawrata,

2.Select the technologies by dragging and dropping the correspending process icons between the twa blus amows,
3.Select 2 water type from the dropdown list for UF, RO or ROSC,

¥ ABN YD

Water Type:

Surface Watar -

Technalogies
# | Pre-treatment

(UF L)

| Bulk Demineralization

000

~ ) Polishing

Q

| Split and Mix Points

Figure 156. Dragging and dropping the icons into the picture of the waste bin

-
@® | Il » | Untitled Project - Case 1

=[5 [ |

e
File v Configuration User Settings Feed Setup Report. Help

Flows Add Case | | == Add Cher

@ mith
© mid

= Mansge | || A Adjust Final pH RO TOC Rejection

e @
Units Cases

Home | Feed Water | IX Sofy/Deslk | D¢ Demin | DX M8 Polish | Summary Report |

‘Water Chemistry Adjustments RO Spedial Features UF Special Features

= WAVE Answer Center | (i)l Quick Help

Untitled Project - Case 1

‘Wielcome! To gt started on your new project:

1.5pecify the feed flowrate or product flowrate,

2Select the technologies by dragging and dropping the corresponding process icons between the twa blus armows,
3.5elect 2 water type from the dropdawn list for UF, R or ROSC.

¥ AN D

: O
7 Fe-dwmu-

Configure

Define Recovery

Wiaker Type:

Technologies

| Pre-treatment

00

| Bulk Demineralization

000

~ | Palishing

@

~ | Split and Mix Points

Figure 157. Right-clicking on the icon in question and selecting “Delete”
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5.1.3 Defining the Feed Water Flowrates and System Recoveries

Feed and product water flow rates can be specified using the text boxes in the middle of the blue arrows.

Notes:

« WAVE would display a warning if the Feed or Product flow rates are specified as 0 or as a negative number

« Given afeed water flowrate, WAVE would calculate a product flow rate based on a default recovery . In a simlar
way, given a product water flowrate, WAVE would calculate a feed flow rate based on a default recovery

o WAVE does not allow simultaneous specification of the feed and product flow rates

o The default system recovery for an IX process is 97% (see section Define Recovery for more information on
defining system recovery)

5.1.4 Defining the type of water

See Specifying the Feed Water Composition for information on defining the feed water type and composition.

5.1.5 The IX Initialization Window: Defining the Modeling Objective, Train Configuration and

Regeneration Frequency

The IX Initialization Window allows the WAVE user to specify:

The Modeling Objective

WAVE can be used in three different ways to model IX processes (as shown in Figure 158):

Add Case | | |l Add Chemicals/Degas
Manage

Cases ‘Water Chemistry Adjustments RO Special Features UF Special Features

[ Home | Feed water | D¢ SofyDeslk | 1X Demin | nx ME Polish | Summary Report |

@ | | » |ION EXCHANGE SYSTEM SPECIFICATION IN WAVE - Case 1 =8 =
Filc v Configuration User Settings Feed Setup Report Help T WAVE Answer Genter 1) Quick Help

I Initizlization
wessel and
Regenaration
System

Resin Salaction

IX Initialization

Modeling Objective X Faed Flow Rate

") New Plant Design Automatics mih

() Evaluate Existing Plant

@) Retrofit Flant to UPCORE™

Regenaration Fraquancy

Conditions

More 5

¥ AN PIND

Praduct Quality
and
Regenerant
Dozz

Existing Plant
Description

©

Train Configurtion @ Length of Operating Cydes:
# of Trains-Online: :] ") Specific Velocity: E] ev/h

# ot T stantrs 1)

@) Use Feed Water flow as system daily avg

# of Trains-Total: 1 IX Deminsralization:
Demineralizsti
e S ”

Figure 158. IX Initialization Window

1. New Plant Design: according to user inputs a resin volume or an operating cycle will be calculated to meet the

specifications.
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2. Evaluate Existing Plant: according to the existing plant details, the performance of one pointin time will be
evaluated (runtime is fixed). Alternatively, WAVE will try to find the maximum runtime to meet the specified
leakage and operating capacity according to the existing plant details (runtime is optimized).

3. Retrofit Plant to a UPCORE™ system: according to the existing plant design, the plant can be retrofitted to
incorporate the UPCORE™ technology. Given vessel sizing, resin volume and performance will be calculated.

New Plant Design: according to user inputs a resin volume or an operating cycle will be cal-
culated to meet the specifications. Click for more detail.

From the IX Initialization Window, select “New Plant Design” option. This option allows the user to design a new plant.
The key design parameters needed to design ion exchange systems are feed water quality, feed water or product water
flow rate, chemicals quantity, and the number of vessels and trains. There is not a unique solution for the design, as
there are several tradeoffs that can be made.

Evaluate Existing Plant: according to the existing plant details, the performance of one point in time will be evaluated
(runtime is fixed). Alternatively, WAVE will try to find the maximum runtime to meet the specified leakage and
operating capacity according to the existing plant details (runtime is optimized). Click for more detail

Evaluate Existing Plant:
o From the IX Initialization Window, select “Evaluate Existing Plant” option.

o A new window called “Existing Plant Description” will be added at the bottom of the left-hand navigation area, as
shown in Figure 159.

_ -
@ | | » | ION EXCHANGE SYSTEM SRECIFICATION IN WAVE - Case 1 = [
File Configuration User Settings Feed Setup Report Help 5 WAVE Answer Canter | g Quick Help

Flow: O gpm @ mi/h Add Case || |=fm Add Chemicals/Degas

Pressura: () psi
Temperature: () “F o
Fiuc: () gfd @) LMH

Units Cases \Water Chemisiry Adjusiments RO Special Features | UF Special Features

Manage

Home | Fesd Water | IX SofyDealk | Dt Demin | 1X MB Folish | Summary Resort |

IX Initialization

IX Initialization Modsling Objective X Feed Flow Rate

Vessel and () New Plant Design Automatic: | 100| m*h
Regeneration

Sys=m @ Evaluste Existing Plant

Resin Selection P—
D Runtime is fooed Regeneration Frequency

Regeneration
£ Condrors ® Runtime is optimized
2 @ Length of Operating Cydes: Hours =
: e S o
b _. ) Specific Velocity: ﬁ Bw/h
24 Product Qualty Train Configuration
Regenerant
Dose #of TrinsOnline: | 1]
Existing Plant
# of Trains-Standby: [:] 1% Softening/Dealkslization:
© Use Feed Water flow 2= system daily avg Saftening SAC(NE)
Softening WAC(H)
#ofTraneTotsl: [ 1] Brackish Saftening WAC(H/Na)
e (Y Dealialization WAC(H)
. Deslkalization S8A(CT)
womsssd [ 1 Dealiclization WA + Softening SAC

&

Figure 159. IX Initialization Window. The Modeling Objective: Evaluate Existing Plant

Run Time specification: Once “Evaluate Existing Plant” option is selected, the modeling objective must be specified as
follow (see Figure 159):

1. Runtime is fixed: according to existing plant details, the product water quality at one pointin time (the
specified runtime) will be evaluated.

2. Runtime is optimized: the software will calculate the maximum runtime to meet the specified leakage and
operating capacity according to the existing plant details.
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Retrofit plant to an UPCORE™ system: according to the existing plant design, the plant can
be retrofitted to incorporate the UPCORE™ technology. Given vessel sizing, resin volume and per-
formance will be calculated. Click for more information

o From the IX Initialization Window, select “Retrofit Plant to UPCORE™" option. This option allows the user to
convert any existing plant to an UPCORE™ design.

o The key design parameters needed to retrofit an existing plant are feed water quality, feed water or product
water flow rate, quantity chemicals, and the vessels sizing.

Note: Selecting either Evaluate Existing Plant or Retrofit Plant to UPCORE™ will add an eighth button called Existing
Plant Description to the left-hand navigation area (see Figure 159). For more details about this Window see
Existing Plant Description

Train Configuration

The Train Configuration section of the IX Initialization window allows the user to specify the number of trains Online and
in Standby.

In the case of no Standby trains, the following selection should be made (as shown in Figure 160):

1. Use Feed Water flow as system daily average: this means that IX operating flow will be higher than the
specified, as some time for regeneration is required.

2. Use Feed Water flow for vessel design: this means that IX daily average flow will be smaller than the specified,
as some time for regeneration is required.

s M
@ | Jd » |ION EXCHANGE SYSTEM SPECIFICATION IN WAVE - Case 1 E=E
File = Configuration User Settings Feed Setup Report: Help = WAVE Answer Center 1) Quick Help

Flow: O gpm @ mih f—

Qo Omid Add Cace | | = Add Chemicals/Degas
Pressure: () psi @) bar
Temperature: () % @) °C Mansos

Fiwe: () gfd @) LMK

Units Cases \Water Chemistry Adjusiments | RO Special Features | UF Special Features

| tome | Fesd water | IX SoRyDealk | it Demin | 1 M2 Folish | Summary Report |

IX Initialization

L i Modeling Objective 1% Feed Flow Rate

Vessel and @ New Plant Desi i - =

e @ New Plant Design Automatic: ‘ m=/h

Systam ") Bualuate Existing Plant

Resin Selection (7) Retrofit Flant to UPCORE™

Regeneration Fraquency

£ G Trsin Confiaurati
8 S — SRS
Gl More 3
z 3
= — # of Trains-Online: ) Specific Velocity: Bv/h
»

Product Quality
znd # of Trains-Standby: [:]

Regenerant
Dose @) Use Fead Water flow 2= system daily svg
(©) Use Feed Water flow for vesssl design X Softening/Deslkalization:
4 of Trains-Totals Softening SAC(N=)
o )| [t
. Brackish Softening WAC(H(Na)
% Bypassad: E] Dealkalization WAC(H)
Diezlkalization SBALCI)
Dealkalization WAC + Softening SAC

@

Figure 160. Train Configuration

Note: In multicomponent designs, if there are no Standby trains, the only available option will be “Use Feed Water flow
as system daily average”. Therefore, the IX operating flow will be higher than the specified, as some time for
regeneration is required.
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In case that a standby train is used, input flow would equal the operating flow.

If desired, certain percentage of feed flow could also bypass the mix bed. This is shown Figure 161

Filc v Configuration User Settings

Flow: ()

@ e

Fiux: () gfd
Units

Cases

Add Case

Manage

Feed Setup Report Help = WAVE Answer Center

=} Add Chemicals/Degas

Water Chemistry Adjustments RO Special Features UF Special Features

Home | Feed Water | IX MB Polish | Summary Report |

) Quick Help

¥ ABN D

IX Flow Rate

IX Initialization
Modeling Objective
@ Mew Piant Design

I Initilization

Vessel and
Regeneration
System

Resin Selection

IX Feed Flow Rats

Automatic: -_ mefh

() Evaluate Existing Plant

() Retrofit Plant to UPCORE™

Regeneration
Conditions Train Configuration
More ¢

# of Trains-Crlline:
Product Quality
=nd # of Trains-Standby:
Regenerant
Dosz

# of Trains-Total:

ot

@

Regeneration Fraquency

8 Lengh of Ok s
5 Spachic vty [
X Mixed Bac:
RO Permeate Palishing

Figure 161. Bypass flow

The IX Flow Rate section of the IX Initialization window shows either:

o The IXFeed Flow Rate: If the Feed Water is specified in the Home tab (see Figure 162).

o The IX Product Flow Rate: If the Product Water is specified in the Home tab (see Figure 163).

Notes:

o If the system daily average option is selected in the Train Configuration section, the value shown for the IX
Feed/Product Flow Rate corresponds to the system daily average.

o If the vessel design option is selected in the Train Configuration section, the value shown for the IX
Feed/Product Flow Rate corresponds to the design flow rate.
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° | I » | ION EXCHAMNGE SYSTEM SPECIFICATION IN WAVE - Case L ‘ = @ 3|
Configuration User Settings Feed Setup Report Help T WAVE Answer Canter ) Quick Help
Add Case| | e Add Chemicals/Degas uF
Manage Adjust Final p
Cases ‘Water Chemistry Adjustments RO Special Features  UF Special Features
| Home | Feed Water | ¢ Soft/Deslk | X Demin | 1 MB Polish | Summary Report |
IX Initialization
L Iniialization Medsling Objective X Feed Flow Rate
Wessel and @ New Plant Design
Regeneration i
System ) Evaluate Existing Plant
Resin Selection ") Ratrofit Piant to UPCORE™ )
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»  Product Quality
znd y X
e + o [ 1)
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# of Trains-Total: :] Demineralization
S
s N
@ | | » | [OM EXCHANGE SYSTEM SPECIFICATION IN WAVE - Case 1 - e e - (oo =0 ]
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Figure 163. IX Initialization Window. IX Product Flow Rate
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Regeneration Frequency

There are two options to set up the regeneration frequency (as shown in Figure 164):

1. Selecting the length of operating cycles (in hours or days): this is the time that the system remains in operation
between the end of one regeneration and the beginning of the next regeneration. It calculates the resin
volume needed and recommends a vessel size.

2. Selecting the specific velocity (BV/h): according to the operating flow and the specific velocity value, the resin
volume would be fixed and the length of operating cycles calculated. It will also recommend the vessel size.
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Figure 164. Regeneration Frequency

For the Condensate Polishing (IXCP) process, a third Regeneration Frequency option is available (as shown in
Figure 164)

3. Selecting Prebed on Time, Rest on Specific Velocity: the regeneration frequency of the first vessel is defined

by the Length of Operating Cycles. The regeneration frequency of the second (and third) vessel is defined by
the Specific Velocity.
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Figure 165. IX Initialization Window. Regeneration Frequency. IX Condensate Polishing

Note:

The option “Selecting Prebed on Time, Rest on Specific Velocity” will be gray out until the users specifies the

Resin Arrangement in the Vessel and Regeneration System window (see Resin Arrangement). The option
“Selecting Prebed on Time, Rest on Specific Velocity” is available for Resin Arrangements with, at least, 2 vessels
(i.e. [SAC]-[SBA], [SACI-[SAC SBA] or [SAC]-[SBAJ- [SAC])

Sub-process Option

For some IX applications, WAVE provides additional sub-processes modeling capabilities. Table 3 shows the sub-
processes options for the different IX Processes. These can be selected as shown in Figure 166.

Table 3. IX Initialization Window. IX Sub-process.

IX Process IX Sub-Processes

Softening WAC (H)

Softening SAC (Na)

Brackish Softening WAC (H/Na)
Dealkalization WAC (H)
Dealkalization SBA (Cl)
Dealkalization WAC + Softening SAC

Demineralization

RO Permeate Polishing

IX Demin Polishing

066 6

Process HOH Cycle
Low Pressure Power (<140 bar) HOH Cycle
High Pressure Power (> 140 bar) HOH Cycle
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Figure 166. IX Initialization Window. IX Softening/Dealkalization Sub-processes

New Plant Design

This option allows the user to design a new plant from scratch.

Note: Key design parameters forion exchange systems are water quality, quantity and cost of chemicals, number and
geometry of the vessels, and whether all of the resins/vessels can be operated within our design guidelines.
There is not a unique solution to the design, as there are several tradeoffs that can be made. This bears some
similarity to UF system designs.

5.1.6 Defining the Vessel and Regeneration System

The Vessel and Regeneration System window allows the WAVE user to specify:

Note: The IX System Diagram appears once the Regeneration System has been selected.
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Resin Arrangement

The content of the Vessel and Regeneration System screen is dynamic and depends on the type of ion exchange sub-
process previously selected in the IX Initialization window. The various combinations of ion exchange resin types are
represented in WAVE as follows:

o [XXX]=Resinin asingle bed

o [WXX] - [SXX] = Weak resin and Strong resin in separate vessels

o [WXXSXX]=Weak resin and Strong resin in a layered bed (same vessel)

o [WXX]SXX]=Weak resin and Strong resin in single vessel with separated compartments

o [SAC|SBA] = Strong Acid Cation resin and Strong Base Anion resin in single vessel with separated compartments
o [SACSBA] == Strong Acid Cation resin and Strong Base Anion resin n in the same vessel (i.e, a Mixed Bed)

o [SAC]-[SBA] = Strong Acid Cation resin and Strong Base Anion resin in separate vessels

o [SAC]-[SACSBA] = Strong Acid Cation resin in a single bed followed by Strong Acid Cation resin and Strong Base
Anion resin in the same vessel (i.e, a Mixed Bed)

o [SAC]-[SBA]-[SAC] = Strong Acid Cation resin, Strong Base Anion resin and Strong Acid Cation resin in separate
vessels

WAVE will display the appropriate Resin Arrangement options depending on the IX process and sub-process selected.
For example, if the option Softening WAC (H) sub-process was selected in the IX Sub-process section of the IX
Initialization window (IXS/D process), only the option WAC will be displayed in the Resin Arrangement section. This is
shown in Figure 167.

@ ' Id » |ION EXCHANGE SYSTEM SPECIFICATION IN WAVE - Case 1 =8 &

Filc » Configuration User Settings Feed Setup Report Help = WAVE Answer Center ) Quick Help

@ m’/h
Qmid
bar
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Flux: () gfd @) LMH

Units Cases Water Chemistry Adjustments |~ RO Special Features | UF Special Features
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| Home | Feed water | Tx SoftyDealk | 1 Demin | D¢ ME Polish | Summary Report |

Vessel and Regeneration System Selection

I¥ Initialization

Resin Arrangement Regeneration System
Vessel and
Ragenaration Cation Vessel: essel 1:
System
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©  Regeneraton
. Conditions
[
&
g More g
g
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Figure 167. Vessel and Regeneration System. Resin Arrangement options for the Softening WAC
(H) sub-process
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On the other hand, if the Demineralization option was selected in the IX Sub-process section of the IX Initialization
window (IXD process), all the various combinations of ion exchange resin types listed above will be displayed for both

cation and anion vessels. This is shown in Figure 168.

Add Case | | |mjm Add Chemicals/Degas Compactio UF TOC Rejection

Mansge

Cases Water Chemistry Adjustments | RO Spacial Features UF Special Features

Home | Feed Water | IX SofiyDealk | DX Demin | IX MB Palish | Summary Report |

.
@ | ld v | ION EXCHANGE SYSTEM SPECIFICATION IN WAVE - Case 1 - - = Lo 50 e |
Filc v Configuration User Settings Feed Satup Report Help 5 WAVE Answer Center 16 Quick Help
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Regeneration [wac sac]
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[s84]
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Figure 168. Vessel and Regeneration System. Resin Arrangement options for the

Demineralization sub-process
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Regeneration System

WAVE allows for the following types of regeneration systems:
o Co-current
o UPCORE™
o AMBERPACK™
» AirBlock
o Water Block
o MB: Internal regeneration (only available for mixed beds)

o MB: External regeneration (only available for mixed beds)

WAVE will display the appropriate number of vessels and Regeneration System options depending on the IX sub-
process and the Resin Arrangement previously selected. As an example, Figure 169 the figure below shows the
Regeneration System options available when the Resin Arrangement [SAC] + [WBA | SBA] is selected in a

demineralization design.
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Figure 169. Vessel and Regeneration System. Regeneration System selection for
demineralization with [SAC] + [WBA | SBA] Resin Arrangement

Once the user selects the Regeneration System, the IX System Diagram and the Degasification System options appear.

Note:
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Degasification System

The amount of degasification from the IX effluent stream can be quantified in WAVE in terms of (as shown in Figure

170):

o CO, Percentage Removal

o CO, Partial Pressure

o (O, Concentration

WAVE provides the possibility of placing the degasification step at various positions in relation to the IX resin beds for
some IX processes (as shown in Figure 170):

o After WAC, before SAC

o After cation resin, before anion resin

o After WBA, before SBA
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Figure 170. Vessel and Regeneration System.

Note:

« Degasification is only available for some processes.

Degasification System selection

« WAVE deactivates some options for placing the degasification depending on the IX Sub-process and the Resin

Arrangement selected.

IX Process Flow Diagram

WAVE can display the IX System Diagram in the Vessel and Regeneration System window once the Regeneration

System has been selected.
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5.1.7 Resin Selection

The user can filter the preferred brand by checking the different options to limit resin choices and make resin selection
easier. The user can also select the delivered ionic form and the resin packaging size. These selections can affect the

final recommended design.

Notes:

o WAVE will display the suitable resins list depending on the IX Sub-process, Resin Arrangement and Regeneration
System selected.

o The IX process flow diagram can be displayed by clicking on the “Show IX System Diagram” button (see Figure
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5.1.8 Defining the Regeneration Conditions

WAVE allows to specify some regeneration conditions in the Regeneration Condition Window, as shown in Figure 172.
The following conditions can be specified for both cation and anion resins:

Regenerant chemicals

Regeneration temperature

Number of regeneration steps, concentration and dose fraction

Source of service water (Feed water, Treated water, Other water)

Select the required regenerants and specify the dosing temperature. It is also possible to dose the regenerantin a
maximum of 3 different steps at three different concentrations, however the sum of all different dose fractions must be
100%. For the cation resin using sulfuric acid, WAVE will recommend regeneration conditions based on the feed water

calcium to total cations ratio.

Finally, select the quality of service water for the backwash and the regeneration. The water quality selected for the
regeneration is the water quality that will be used for injection and displacement rinse. For refill and fast rinse steps,

feed water will be used.
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Figure 172.
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Notes:

« In WAVE, the user must select a regenerant for cation/anion resins. The regenerant is selected from the list of
default chemicals and other chemicals defined by the user (as described in Chemical Library).

o Based on the selected process, default values for regenerant concentration are recommended.

o When required (i.e., Brackish Softening with a WAC), WAVE will display the options for Step 1(regeneration with
acid) and Step 2 (resin conversion to Na form), as shown in Figure 173.

o WAVE allows 2 different options for the dosing temperature.
1. Design: the dosing temperature will be the same as the one specified for the feed water in the Feed

Water Tab

2. Specify: when this option is selected, WAVE allows the user to specify the dosing temperature.

o WAVE will deactivate the water quality options for backwash according to the Regeneration System previously

selected.

o InIX Condensate Polishing the only available source of service water is Other Water.
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Figure 173. Regeneration Conditions for Brackish Softening with a WAC (H/Na)
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5.1.9 Defining the Advanced Regeneration Conditions

WAVE makes possible specification of additional regeneration conditions in the Advanced Regeneration Window, as
shown below in Figure 174. The Advanced Regeneration Window is hidden by default but can be displayed by clicking
on the ‘More’ button as shown in below in Figure 174. The following variables can be specified in WAVE: Backwash
Frequency, Backwash Expansion, Backwash Duration, Compaction Duration, Regeneration Specific Velocity, SBA/SAC
Regeneration Flow Ratio, Regeneration Hold-Down Factor, Displacement Rinse Flow, Displacement Rinse Volume, Fast
Rinse Volume, Fast Rinse Recycle, and Settling Duration.

o Backwash Frequency - Number of cycles between 2 consecutive backwashes. This option is displayed as MB
Separation Backwash Frequency only for the Mixed Bed (IXMB and IXCP Process).

« Backwash Expansion - Percentage expansion for the ion exchange bed. This option is displayed as MB
Separation Backwash Expansion only for the Mixed Bed (IXMB and IXCP Process).

« Backwash Duration - Time specified for backwash. This option is displayed as MB Separation Backwash Duration
only for the Mixed Bed (IXMB and IXCP Process).

« Compaction Duration

« Regeneration Specific Velocity: WAVE allows the user to specify the specific velocity for the different
regenerants. Note: For the IXMB Process:
- forinternal regeneration the useris able to modify the regeneration specific velocity for cation resin.
Anion specific velocity will be calculated based on the specific cation velocity, SBA/SAC regeneration
flow ratio and resin volume. Anion linear velocity (m/h) = cation linear velocity (m/h) x SBA/SAC regen
flow ratio.

- forexternal regeneration the user is able to modify the regeneration specific velocity for both cation
and anion resin.

o SBA/SAC Regeneration Flow Ratio (this variable is only displayed for IXMB and IXCP Process)
« Regeneration Hold-Down Factor

o Displacement Rinse Flow
- (@ regeneration flow: the same flow used during regeneration (regenerant + dilution water) will be used
for displacement rinse.

- @ dilution flow: the dilution water flow used during regeneration will be used for displacement rinse.
Note: The dilution flow will always be smaller than the regeneration flow.

« Displacement Rinse Volume: After the specified quantity of regenerant has been introduced, the regenerant
chemical injection is stopped and only the dilution water continues to be injected to displace the regenerant.

« Fast Rinse Volume: Fast final rinse is carried out at service flow rate and direction until the required effluent
quality is obtained

o Fast Rinse Recycle: WAVE gives the option to rinse to waste or to recycle the fast rinse.
- None: Rinse to waste.

- After 3 minutes: 3 min of rinse to waste prior to recycle.

- Full: All the water used during the Fast Rinse step will be recycled.
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Figure 174. Advanced Regeneration Conditions

5.1.10 Defining the Equipment

WAVE allows the user to specify additional information regarding equipment settings in the Equipment Window (as
shown in Figure 175). The following parameters can be specified:

1

2.

Typical pressure drop of internal distributors
Typical pressure drop of external piping
Effluent pressure

Bulk chemical storage tank temperature
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Figure 175. Equipment Settings
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In the case of IXMB and IXCP processes, if external regeneration is selected, WAVE will display the External
Regeneration and Other Equipment Window instead of the Equipment Window and, in addition to the Equipment

Setting options, the External Regeneration Equipment Setting options (i.e. Backwash Tower Diameter, SAC Regeneration
Vessel Diameter, and SBA Regeneration Vessel Diameter) will be displayed (see Figure 176).

File + Configuration User Settings Feed Setup Report

Help  WAVE Answer Center g Quick Help
Flow: )

Add Case | | | == Add Chemicals/Degas

Temperature: (_) @ . Manage
Flux: () gfd () LMH
Units Cases Water Chemistry Adjustments | RO Special Features

UF Special Features
| Home | Fesd Water | TX MB Polish | Summary Report |

External Regeneration Vessels

Hide IX System Diagram
IX Initializztion External Regeneration Equipment Settings Faed
Vessel and Backwash Towsr Diameter 2,000 | mm
Regeneration
= 4 Raganaacen Ve D[z o
Resin Selaction
584 Regeneration Vassel Diameter mm
,E Regeneration
& Conditions
%
z Advenced B Product
< Regeneration Other Equipment
» == Equipment Sattings
gﬁﬁi"“‘i"‘ kS Typical Brassure Drop of Intemal Distributors: bar/dstributor
Equipment
- Typical Pressure Drop of Externz| Piping: barfvessel
Less #
Effluent Pressure: bar
Product Quality
and Bulk Chemical Storage Tank Temperature: =
Regznaration
Dose

Q

Figure 176. External regeneration equipment settings (option available for the IXMB and IXCP
processes with external regeneration)
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5.1.11 Defining the Product Quality and Regeneration Dose

The Product Quality and Regenerant Dose Window allows the WAVE user to specify (as shown in Figure 177):

) = -,

NE—~)

~
° | |4 » |ION EXCHANGE SYSTEM SPECIFICATION IN WAVE - Case 2
Configuration User Settings Feed Setup Report Help

© gg" Add Case| | | = Add Chemicals/Degas Compactio UF TOC
psi
o Mansge Adjust Final pH Ti

Flu: () gid @ LMH
Units Cases ‘Water Chemistry Adjustments RO Special Features

| Home | Feed water | 1 SoftjDeslk | X Demin | Summary Report |

‘5 WAVE Answer Canter

UF Special Features

1) Quick Help

Product Quality and Regenerant Dose

IX Initialization

Wessel and
Regeneration
Syst=m

Resin Szlection

Regeneration
Conditions

¥ ABNPIND

Cation Resin Regensration
Efffluent Quality
Average End Point

Na

or

Condhuctivity

Regenerant Dose
SAC Safety Factor

WA Safety Factor
WAC Ovarrun
HCl Dose

Or Regeneration Ratic

Neutral Wasts Efflusnt

Nok Required

Reequired (will override dose inputs)

Anion Resin Regenaration
Effluant Quality
Average End Paint

0,
B
ol .
Efficency

Regenerant Dose
SBA Safety Factor

WEA Safety Factar a5
— [ o«
NaGH Doss E] glL
Or Regenaration Ratic

Overrun Computation

) Manual @ Automatic

Dose Cptimization

No

Yes (will averride dose inpuis]

Figure 177. Product Quality and Regeneration Dose Selection
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The Effluent Quality

WAVE allows the user to specify the desired quality of the produced water. Depending on the IX process the user will be
asked to specify:

IX Process Effluent Quality
Softening « Average hardness leakage
« Hardness end point
Dealkalization o Average alkalinity leakage
« Alkalinity end point
Demineralization For Cation resin the effluent quality parameters can be specified in two ways:

« Average sodium leakage (this would be the expected average conductivity at the outlet of the anion vessel)
« Sodium end point
or
« Average conductivity value
« Conductivity end point

Note:  Only one of the options above should be specified and the other one will be automatically calculated.

For Anion resin specify the effluent quality parameter as
« Averagesilica leakage
« Silica end point

Mixed Bed For Cation resin the effluent quality parameters can be specified in two ways:
« Average sodium leakage
« Sodium end point
or
« Average conductivity value (this would be the expected average conductivity at the outlet of the anion vessel)
« Conductivity end point

Note:  Only one of the options above should be specified and the other one will be automatically calculated.

For Anion resin specify the following effluent quality parameters
« Averagesilica leakage
« Silica end point and
« Organics removal efficiency: introduce the expected percentage of organics removal.
Condensate Polishing For Cation resin the+effluent quality parameters can be specified in two ways:
o Average NH,/NH, leakage
«  NH,"/NH,end point
or

« Average conductivity value (this would be the expected average conductivity at the outlet of the anion vessel)
« Conductivity end point

Note:  Only one of the options above should be specified and the other one will be automatically calculated.

For Anion resin specify the effluent quality parameter as
« Averagesilica leakage
« Silica end point

Notes:
o Average leakage referes to the expected average leakage during the operation cycle

o End point refers to the point when the system will stop operating and start regeneration
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The Regenerant Dose

The Regenerant Dose section allows the user to specify the following parameters for the cation and the anion resins (as
well as for the different regeneration steps when appropriate, i.e. Brackish softening with WAC (H/Na)):

» Safety Factor: the lower the value, the higher the safety is being taken. The higher the value, the smaller the
safety is being taken.

In this screen the user’s input would be the minimum safety factor accepted. The final safety factor used will be
based on the following: Effective Operating Capacity / Theoretical Operating Capacity (appears in the report as
Operating Capacity).

Effective operating capacity is the total ionic load divided by total resin volume. As resin volume can be adjusted
for resin packaging sizes for example, the effective operating capacity will be equal or lower than theoretical
operating capacity. Therefore, final safety factor value will be equal or smaller than user’s safety value input
(meaning that always the same or more safety will be finally taken).

Note: If the user manually enters a volume on the Final Parameter Adjustments screen (see Section 7.13) less
than what WAVE computed, it is possible to get an actual safety factor greater than the user’s input. In
that case, WAVE will include a warning in the project report.

« WAC Overrun/WBA Overrun: amount of ionic load carried over from the WAC to the SAC resin or from the
WBA to the SBA when the “"Manual” option is selected in the Overrun Computation box (see Section 7.11.4 for
more details).

o Regenerant Dose: mass of regenerant 100% pure per volume of SAC (or SBA) resin in reference form.

« Regeneration Ratio: level of regeneration expressed in percentage of the WAC (or WBA) operating capacity (e.g.
115 % Regeneration Ratio on 3 WAC means that a quantity of H+ ions equal to 115 time the quantity of ions fixed
on the resin will be used).
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Neutral Water Effluent

WAVE provides the option of neutralizing the IX waste stream. This can be activated by clicking on “Required (will over-
ride dose inputs)” option in the Neutral Waste Effluent box (see Figure 178). As stated, WAVE would over-ride regenerant

dose values to achieve a pH-neutral waste stream.

Add Case| | e Add Chemicals/Degas

Manage Adjust Final pH

| Home | Feed Water | % Soft/Dealk | XX Demin | Summary Report |

Units Cases \Water Chemistry Adjustments

RO Special Features

UF Special Features

- N
@ | IJ » | ION EXCHANGE SYSTEM SPECIFICATION IN WAVE - Case 2 — ==
File Configuration User Settings Feed Setup Report Help T WAVE Answer Canter ) Quick Help

X Initialization

Weszel and

Regenaration Cation Resin Regenerstion

Syst=m Effluant Quality
Resin Selection Average End Paint
Regeneration Na -
gl
2 or
§ More ¢
> Product Quality Conductivity Hfem
and
Regenarant
[bie= Regenerant Dose
1 SAC Safety Factor 035
[ WAL Safety Factor
s v C_ =
ctom =
o Renersion e
@ Neutral Wasts Effluant
Not Required Required (will override dose

Product Quality and Regenerant Dose

Anion Resin Regeneration

Effluant Quality

Average End Point

s,

e %
Efficency

Regsnerant Dose

SBA Safety Factor
oA saet Factar
N i
NaCH Dose [j] gL

o Regemartion Ratio

inputs)

Overrun Computation

T Manusl @ Automatic

Dose Cptimization

No () Yes (will overrids doss inputs]

Figure 178. Product Quality and Regeneration Dose Window

Notes:

o Neutral Waste Effluent option is only available for IX processes where a cation and anion are involved.

« If the Dose Optimization option is selected (see Dose Optimization), the Neutral Waste Effluent option will not

be available.

o Indemineralization systems involving a weak/strong couple, the Neutral Waste Effluent option will be available
only if the Regenerant Dose is specified as Dose but not as Regeneration Ratio.
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Overrun Computation

For WAC-SAC or WBA-SBA resin couples in demineralizers, WAVE will calculate the overrun to increase the load on the
strong resin by increasing the ionic leakage from the weak resin. Depending on the options previously specified, WAVE
will adjust the overrun in order that:

o The total quantity of chemical meets minimum recommended stoichiometric ratio.

When the “Length of Operating Cycles” and the regenerant “Dose” are specified, respectively, in the IX
Initialization Window and in the Product Quality and Regenerant Dose Window, WAVE calculates the amount of
regenerant required based on strong resin. However, most of the ions are picked up by the weak resin. If there is
not enough regenerant left over for the weak resin, then WAVE ‘over-runs’ to increase the load on the strong
resin and the total quantity of regenerant needed. WAVE adjusts the overrun so that there is sufficient chemical
to ensure that both resins are well regenerated (which also gives the best match of capacity and hydraulics).

o The total volume of resin (weak + strong combination) is minimized.

When the “Length of Operating Cycles” and the “Regeneration Ratio” are specified, respectively, in the IX
Initialization Window and in the Product Quality and Regenerant Dose Window, the amount of regenerant is
given by the ionic load and the Regeneration Ratio. In this case, WAVE adjusts the overrun in order to minimize
the total volume (weak + strong) resin.

o Weak resin potential run time and strong resin potential run time are comparable.

When the Length of Operating Cycle is to be determined (e.g. Evaluating Existing Plant mode), WAVE adjusts
the overrun so that weak resin potential run time and strong resin potential run time are comparable.

WAVE also provides the user with the option to input the amount of over-run by clicking on the radio button for
“Manual” in the Overrun Computation box.

Dose Optimization

WAVE allows the user to optimize the design in two different ways

o Optimize the chemical dosage. WAVE will calculate the optimum regenerant concentration to meet the target
quality and it will override user’s inputs.

If Dose Optimization is not selected, a warning will appear in the report if the selected design does not reach the
target quality. If regenerant is overdosed, the product water quality in the report will be higher than required and
the dose can be manually adjusted.

o Optimize design to minimize chemical consumption while meeting run length, leakage, stoichiometry, and
hydraulic constraints.
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5.1.12 Existing Plant Description

If “Evaluate Existing Plant” or “Retrofit Plant to UPCORE ™" options are selected during the description of the Modeling
Objective (see The Modeling Objective), an eighth button called Existing Plant Description will be added to the left-
hand navigation area (see Figure 179).

The Existing Plant Description Window allows the user to specify the following parameters (as shown in Figure 179):
1. Resin Volumes
2. Vessel Diameter
3. Inert Bed Height (only available for some Regeneration Systems)
4. Vessel Cylindrical Height
5. Vessel Wall Thickness

6. Resin Packaging Size

. N
@ | | » | ION EXCHANGE SYSTEM SRECIFICATION IN WAVE - Case 1 = [

File v Configuration User Settings Feed Sstup Report Help T WAVE Answer Center 1) Guick Help

Flow: )

Add Case || |=fm Add Chemicals/Degas

Pressura:
Temperature: () 3 o

Fiuc: () gfd @) LMH

Units Cases \Water Chemisiry Adjusiments RO Special Features | UF Special Features

Manage

Home | Fesd Water | IX SofyDealk | Dt Demin | 1X MB Folish | Summary Resort |

IX Initialization

I Initialization Modeling Obiecti X Fend Flom Rate
Vessel and 5 -
I e T
Syszem @ Evaluats Existing Plant
Resin Selection p—
*) Runtime is fixed )
e Regenerstion @ Runtie s optins Regeneration Frequency I
3 Conditions @) Runtime is optimized
= ® Length of Operating Cyciess e
o —— o :
§ N s P
»  Product Quality
it Train Configuration
Regzrerant
hae S
Existing Plant
el I [ —
@) Use Faed Water flow as system daily avg Softening SAC(Na)
Saftening WAC(H)

4 of Trains-Totals Brackish Softening WAC(H/Na)
rEine :] Dealkalization WAC(H)

i Dealialization S8A(C)
woypsssed: 0] Dealiclization WA + Softening SAC

&

Figure 179. Existing Plant Description
Notes:

o Atthe bottom of the Existing Plant Description window, only the option “Use Vessel Geometry and Resin
Volume values” is available.

o Ifthe Vessel Height input is inconsistent with the Resin Volume and Vessel Diameter inputs, WAVE will issue a
warning indicating the minimum required Vessel Height, as shown in Figure 180.
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Existing Plant Description: IXSD Vessel 1 Height Warning 2

Vessel Height is inconsistent with Resin Yelume and Vessel Diameter.
Minimum height with current inputs is 3,079 mm. Please adjust inputs,

0K

Figure 180. Existing Plant Description. Height Warning

5.1.13 Final Parameter Adjustments

After running the summary report (see Section 8.1), if the WAVE user goes back to any of the IX Process screens (IX
Soft/Dealk, IX Demin or IX MB Polish), the option of Final Parameter Adjustments will appear on the left (see Figure 187).

In this screen it is possible to fine tune the following parameters:
1. Resin volumes
2. Vesseldiameter
3. Vessel cylindrical height
4. Vessel wall thickness

5. Resin packaging size: this option will override the selected resin packaging size selected in the Resin Selection
screen.

Finally, at the bottom of this screen one of the three following options should be selected:

o Use Vessel Geometry and Resin Volume values: WAVE will use the resin volume and vessel diameter specified
in this screen.

o Use Vessel Geometry values, ignore Resin Volume values: WAVE will use the vessel volume geometry specified
and fill it with resins. The volume of resins will not be adjusted to cycle length but to vessel dimensions.

o Ignore Vessel Geometry and Resin Volume values: WAVE will ignore all resin volumes that have been
introduced and vessel sizing and will recalculate the suggested resin volume and size according user’s design
inputs (as it does in the first run).

Form No. 45-D01378-en, Rev. 5

Page 191 of 226 January 2020



Page 192 of 226
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Figure 181. Final Parameters Adjustment Window
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5.2 lon Exchange Final Calculation and Report Generation

Once the system design inputs are available in WAVE, WAVE can be run to model the system. The details of the
following actions that can be performed to generate, modify and handle the reports are described below:

5.2.1 Generating and Understanding Summary Report

Once all the required inputs are in place in the IX Processes Tab (IXS/D, IX Demin and/or IXMB), the IX system “Summary
Report” can be generated as shown in Figure 182.
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Figure 182. WAVE Summary Report and Detailed Report generation for IX
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In addition to the IX System Overview, the Summary Report includes 4 tables summarizing the key plant details,
operating parameters and performance (results may vary depending on specific operating conditions):

1

2.

www.abpsoil.com

IX System Overview
IX Resins and Vessels
IX Water Quality

IX Design Warnings

Configuration User Settings Feed Setup Report Help i WAVE Answer Center | (i@ Quick Help
Temperature: Report Language:
Detailed Report | k) Save Ta Water Library [@ English-Unlted States | | Tranfer RO fiecovery || Export to POF Stacked Report
Run Batch [ 200 |
Calculations Water Library Temperature: Language Recovery Export Project Summary Report | Stacked Report
[ Home [ Feed water | 1x w8 polish | Summary Report |
IX MB Polish |
.
IX Summary Report
IX System Overview =
IX Process IX Demineralizer Polishing
Layout [ME]
#Trains Online = 1 Regeneration = 1
System Average Flow Rate {m3/hr) Feed = 106.1 Product = 100.0
Train Net Flow Rate {m3/hr) 100.0
Throughput per Train per Cycle (m?) Gross = 17,327.1 Net = 16,799.9
System Recovery (%) 94.2
Estimated Run Time {hr) 168.00
Estimated Regeneration Time {hr) 8.58
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IX Resins and Vessels

Resin Type
Design Flow Rate
Resin Name
lonic Form (Delivered)
lonic Form [Reference)
Resin Volume [(Reference Form)
Total Bed Resin Volume
Fraction of Bed
Regeneration System
Regenerant
Regeneration Dose
Regeneration Ratio
Operating Capacity

Effective Operating Capacity

Silica Loading

Vessel Outside Diameter
Bed Depth [Delivered)
Total Bed Depth
Bed Depth [Reference)
Total Bed Depth
Freeboard
Specific Velocty
Total Bed Specific Velocity
Linear Velocity
Estimated Pressure Drop @ 20.0 °C
Total Pressure Drop @ 20.0 *C

(m3/hr])

(L)
(L)
(%)

(g/L)

(%)
(ea/L)
(eq/L)
(g/L Si0:)
(g NaOH/g 5i0:)
(mm)
(mm)
(mm)
(mm)
(mm)
(mmi)
(BV/hr)
(BV/hr)
(m/hr)
(bar)
(bar)

SAC
103.138
AMBERIJET 1000 H
H
Ma
28,925
B6657
334
ME, Internal Regen
HCl
100.0
286
101
0.96

1,500
18,495
52054
16,814
50373
40,298
357
1.19
55.95
11.55
33.97

SBA
103.138
AMBERJET 4200 CI
cl
cl
57,732

66.5
ME, Internal Regen
NaOH
100.0
315
0.54
0.51
0.00
MaM
1,500
33,559

33,559

40,298
179
119

59.95
22.42

Computation performed without adjustment.
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IX Water Quality

www.abpsoil.com

Feed Required Average | Required EndPoint | Estimated Average

pH 7.20 # = 7.29
Conductivity (uS/em) 171.19 0.12 0.22 0.058
Na (me/L) 13.832 0.010 0.020 0.002
5i0; (mg/L) 0.000 0.010 0.020 <0.001
IX Design Warnings
Design Warning Limit Estimate Resin
Loading Specific Velocity < Min (BV/hr) 15.00 1.19 AMBERJET 1000 H

AMBERJET 4200 CI
Regeneration Linear Velocity > Max  (m/hr} 20.00 58.85 AMBERJET 1000 H
Resin Height > Max (mm) 1,500 16,814 AMBERJET 1000 H
Pressure Drop > Max (bar) 1.00 3397 AMBERJET 1000 H

AMBERIJET 4200 CI
Regeneration Specific Velocity < Min  (BV/hr) 2.00 1.93 AMBERIJET 4200 Cl
Regeneration Linear Velocity > Max (m/hr) 20.00 64.73 AMBERJET 4200 Cl
Resin Height > Max (mm) 1,500 33,559 AMBERJET 4200 CI

5.2.2 Generating and Understanding the IX Detailed Report

IX Detailed Report can be generated as shown below:
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Detailed Report Components are shown below (Results may vary depending on specific operating conditions).

1

2.

IX System Overview (including Flow Diagram)
IX Resins and Vessels

IW Water Quality

IX Design Warnings

IX Resins

IX Vessels

IX Regeneration (including Chemical Consumption, Service Water Consumption, Regen
Regeneration Protocol)

IX Water Composition

IX Utility and Chemical Costs (including Service Water and Electricity)

IX Detailed Report

IX System Overview

|1X Process Demineralization
| Layout [SAC] - [WBA | SBA]
|HTrains Online = 2 Regeneration = 1
éSystem Average Flow Rate (m/h) Feed = 300.0 Product = 295.3
| Net Product Flow Rate per Train (m?/h) 147.6
iThroughpu( per Train per Cycle (m?) Gross = 4,650.0 Net= 4,576.9
iSvstem Recovery (%) 98.4
| Estimated Run Time (hr) 31.00
|Estimated Regeneration Time (hr) 1.53

Train Configuration =

2 trains online

1 trains regeneration/standby Feed Product

300.0 m/h 150.0 m3/h 150.0 m#/h 150.0 m¥/h 147.6 m*h 2953 m?fh
4,650.0 m* 4,650.0 m* 4,650.0 m* 4,576.9 m*
System Feed Total water ‘Cation Vessel Anion Vessel Net Product System Product
Average Flow ‘Consumption Design Flow Design Flow Water Average Flow
Per Online Train Per Online Train Per Online Train Per Online Train
0.00m*h 236 m3fh
0.0m* 734m
Feed Water Product Water
For For
Regeneration Regeneration
75.90m*
4.9 m¥%h
117.6 m3/d
System Waste
Average Flow
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IX Resins and Vessels

Resin Type SAC WEBA SBA
vessel Type AMEBERPACK AMBERPACK AMBERPACK
Design Flow Rate [m*/h) 170.999 170.999 170.099
Resin Mame DOWEX MARATHON | POWEX MARATHON |DOWEX MARATHON
1200 H 9500 azoo cl
lonic Form (Delivered) H FB d
lonic Form (Reference) Na FE cl
Resin Volume [Reference Form) (L) o781 6,465 5,380
Patential Runtime [hr) 31.00 31.00 31.01
Potential Throughput [m*) 5,579.415 5,579.584 5,582.208
Operating Capacity eqfL) 086 116 075
Effective Dperating Capacity eqfL) oel 1.10 072
Janic Load (eq) £,391 7,100 3,851
Organic [TOC] Loading |g/LTDC) 0.B5 0.30
silica Loading [g/L5iD.) 0.00 311
(2 NaDH/g 5iD;) 38.66
Silica Loading Limit [2/L5i0,) 0.00 12.02
Ts5 Loading [kg/m?) 0.19 0.00 0.00
Regenerant Ha50, MNaoH MaoH
Rezeneration Dose = 700 120.3
Overrun (%) 10
Regeneration Ratio (%) 157 130 233
Regeneration Ratio (Resin Couple) %) 115
Excess Regenarant =] 5,070 2125
vessel Outside Diameter {rramn 2,400 2,400 2,400
Bed Depth (Deliverad) [mm) 2,386 1,461 1215
Bed Depth (Reference) ] 2,210 14561 1215
Freshoard ] 230 50 50
spadific velocity (B 1B.40 27.84 33.46
Linear Veloity (my/hj 40.66 40.66 40,66
Estimated Pressure Drop @ 15.0°C  [bar) 131 139 061
Capadity Safety Factor 0.950 0.950 0.950
Computation performed without adjustment.
Flow Rates
System Average Online Train per Cycle
Flow Rate Flow Rate Volume
System Feed [mifh) 300.0
Bypass [mifh) 0.0
Total Water Consumption [m3/h) 300.0 150.0 4,650.0 m?
Total Regeneration Water [mi/h) -4.7 2.4 731m?
Met Product Water [mifh) 295.3 147.6 4,576.9 m?
Bypass [m?/h) 0.0
System Product [m3/h) 295.3
IX Recovery 98.43 %
System Overall Recovery (Including 98.43 %
Bypass)
Cycle Times
Overall System
Regeneration Cycle (hr) 1.53
Loading Cycle (hr) 31.00
Complete Cycle (hr) 32.53
Cycles per Online Train per Day 0.77
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IX Water Quality

www.abpsoil.com

Feed Required Average | Required EndPoint | Estimated Average
pH @ 10.0°C 6.30 - 8.93
Conductivity @ 5 °C (us/cm) 19215 2.00 400 0.65
Na (mg/L) 25560 0.186 0372 00356
Si0; (ug/L) 3000 20 a0 2

IX Design Warnings

None

IX Resins
IX Resin Type, Volume, Height, Capacity
Resin # 1 2 3
MName DOWEX MARATHON | DOWEX MARATHON | DOWEX MARATHON
1200 H 2600 42000C1
lenic Form Delivered H FB Cl
Volume
Delivered i 9,111 5,307 4,874
Reference i 8,435 5,307 4,874
Exhausted w 8677 6,123 5,710
Regenerated L 8,111 6,363 5,995
Height
Delivered {mm) 2,243 1,307 1,200
Reference (mmy) 2,077 1,307 1,200
Exhausted {mm) 2,137 1,508 1,406
Regenerated (P 2,243 1,563 1476
Inert Resin
Resin UPCORE IF-62 UPCORE IF-62 UPCORE IF-62
Volume i 1,067 1,067 1,067
Height {mm) 263 263 263
Capacity Summary
Safety Factor 0.950 0.950 0541
Operating Capacity (eq/L) 0.52 114 0.73
Effective Operating Capacity [eq/L} 0.8 109 0.59
Organic [TOC) Loading (g/LTOC) 0.859 0.280
Silica Loading {g/L5i05) 0.000 2,862
([ENaCH/ 38.64
£ 5i)
TS5 Loading {kgfm?) 0.17 000 0.00
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IX Vessels

IX Vessel Sire, Hydraulics, and Pressure Drop
Vessel # 1 2
Vessel Type Single Resin 2 Chamber
Regeneration System UPCORE UPCORE
Diameter:
Cutside {rrm) 2,300 2,300
Inside {rrm) 2,274 2,274
Internal Area [n®} 4061 4061
Compartment 1
Resin DCOWEX MARATHON| DOWEX MARATHON
1200 H 9500
Resin Maximum Height [rrurm) 2,243 1,568
Specific Velodity (BW/hr) 17.78 2826
Linear Velocity {m,/h) 36.93 36.93
Resin AP Loading (bar) 127 130
Compartment Wall Height [rrurm) 2,564 1,881
Freeboard (P 58 50
Compartment 2
Resin DOWEX MARATHOM
42000
Resin Maximum Height [rrurm) 1,476
Specific Velodty (Bv/hr) 30.78
Linear Velocity {m,/h) 36.95
Resin AF: Loading (bar) 0.63
Compartment Wall Height [rrurm) 1,789
Freeboard () 50
Combined Compartment Wall Height  [mm) 3,670
Vessel AP (bar) 147 2.18
System AP (bar) 3.85
Estimated Feed Pressure (bar) 465
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IX Regeneration

IX Chemical Consumption

Regeneration Protocol 1 2
Regenerant Hz50, MNalH
Bulk Concentraticn (%) o 20
Unit Cost (£/keg) 0.06 0.156
Regeneration Temperature (°C) 10.0 33.0
Dose

Weight Basis (/L) 70.0 1108

Stoichiometric Basis (%) 0.0 115.0

Cwer-Run Factor (%) 0.0 150
Consumption

per Regeneration

@ Bulk Concentration (kg) 603 2,694
@ 100 % Basis (kg) 501 53
per Day
@ Bulk Concentration (kg/day) 933.0 41714
@ 100 % Basis (kg/day) 9143 B834.3
Daily Cost (E/day) 52.25 £67.43
Total Chemical Cost [€/day) 72133
IX Service Water Consumption
Decationized Feed Product
Volume per Regeneration (m*/regen) 00 00 731
Volume per Day [m?/day) 0.0 0.0 113.2
IX Regeneration Efficiency

Individual Resin 1 2 3
Regen. Requirements = 7,409 5,764 5,950
Total Regenerant (eq) 12,041 7,520 13,470
Equivalent Ratio 163 % 130 % 226%
Combined Resins
Regen. Reguirements = 7,409 11,714
Total Regenerant = 12,041 13,470
Equivalent Ratio 16252 % 11499%
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IX Regeneration Protocol
Conc Flow Rate Linear Time Volume Water Source
Velocity
(%) | (m?/h) | (BV/hr) | (m/h) | (min) (m?) (BV)
Protocol 1
SAC Resin
Compaction 137.05 16.25 3375 3.00 6.85 0.81 Demineralized
Water
Injection #1 2.50 36.63 4.34 9.02 19.03 11.62 1.38 Demineralized
Water
Injection #2 5.00 37.00 4139 911 027 572 0.68 Demineralized
Water
Displacement Rinse 36.2% 4.30 .54 2750 16.87 2.00 Demineralized
Water
Settling 10.00
Fast Rinse Recycle 150.00 17.78 36.93 22.34 55.85 6.62 Recyded water
Total 91.54 96.51
Protocol 2
WEBA Resin
‘Compaction 110.87 20.8% 27.30 3.00 5.54 1.05 Demineralized
Water
Injection #1 4.00 3817 718 940 2029 1281 243 Demineralized
Water
Displacement Rinse 31.85 6.00 7.84 29.5% 1582 3.00 Demineralized
Water
Settling 10.00
Fast Rinse Recycle 150.00 2B8.26 36.93 22.34 55.85 10.52 Recyded water
SBA Resin
Compaction 110.87 2275 2730 3.00 5.54 114 Demineralized
Water
Injection #1 4.00 3817 783 340 20.2% 1251 il Demineralized
Water
Displacement Rinse 3185 6.54 7.84 2909 1552 327 Demineralized
Water
Settling 10.00
Fast Rinse Recycle 150.00 30.78 36.93 2234 55.85 1146 Recyded water
Total 85.62 90.22
Fast Rinse with full recycle
Energy (KW-hr)
Operation Power (kW) per Regen per Day Cost (€/d)
Feed Pump 527 1,263.6 118.85
Regeneration Protocol 1
Backwash & Compaction Pump 7.0 0.3
Regeneration Pump 0.7 0.6
Fast Rinse Pump B3 31
Heating 0.0 0.0
Regeneration 1 Total B3 41 6.3 059
Regeneration Protocol 2
Backwash & Compaction Pump 6.9 0.3
Regeneration Pump 0.8 0.6
Fast Rinse Pump 123 46
Heating 1,016.1 0.0
Regeneration 2 Total 1,017.0 55 BS 08
Total Regeneration 148 138
Total System 1,2785 120.25
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IX Water Composition

lonic Concentration and Other Attributes

Species IX Feed IX Product IX System Waste
(Effluent)
MHs/NH." Total {meq/L) 0.00 0.00 0
K* (meg/L) 0.02 0.00 2
Ma* (meg/L) 111 0.00 255
Mg* (meg/L) 016 0.00 10
ca= (meg/L) 030 0.00 19
52 {meg/L) 0.00 0.00 0
Ba** [meq/L) 0.00 0.00 0
Total Exchangeable Cations {meq/L) 160 0.00 286
Co.= [mea/L) 0.00 0.00 0
HCO,™ (mag/L) 0.24 0.00 15
CO: [mg/L) 13.83 0.00 887
NO, {meg/L) 0.03 0.00 2
cr {meq/L) 057 0.00 36
F {meq/L) 0.00 0.00 0
50,7 [mea/L) 076 0.00 213
5i0; Total {mgfL) 3.00 0.00 191
B Tatal {mgfL) 0.00 0.00 0
Total Exchangeable Anions {meq/L) 196 0.00 280
DS (/L) 013 0.00 2041
pH @ 10.0°C 6.30 B93 7.50
Hardness (meg/L) 046 0.00 2937
Total Alkalinity (meg/L) 0.24 0.00 34.65
Organics (TOC) (mg/L 1.40 0.13 £1.19
TOC)

Conductivity @ 25°C [uSfcm) 192.15 0.85 23,61B.63
Temperature °c) 100 10.0 10,0
IX Utility and Chemical Costs
Service Water

Average Flowrate Unit Cost Cost Cost

m*/h) [€/m*) (&/h) (&/d)

Non-Product Feed Water an 0.15 071 17.03
Waste Water Disposal 487 073 357 8569
Total Service Water Cost 428 102.72
Electricity
Peak Power (kW) 1,077.94
Energy [KWh/d) 1,278.47
Electricity Unit Cost (£/kWh) 0.09
Electricity Cost (/d) 12025
Specific Energy [KWh/m?) 0.180
Utility and Chemical Cost (£/d) 94429
Specific Water Cost (gfme) 0.133

Information provided is affered in good foith, but without guarantees. Users of such information assume afl risk and liability and expressly release The
Dow Chemical Compony and its subsidiaries, officers ond agents from any and oll liability. Becouse use conditions and applicable laws may differ from
one location to anather and may chonge with time, users of information set forth herein or generated during use of WAVE are respansible for

ity of the i

Neither The Dow Chemical Company nor its subsidiaries assume any liability for resuits obtained or

damages incurred from the use of information provided and TO THE FULLEST EXTENT PERMITTED BY LAW, EXPRESSLY DISCLAIM ALL WARRANTIES,
EXPRESSED OR INMPLIED, INCLUDING WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. Users will not export or re-
export any information ar technology received from The Dow Chemical Company or its subsidiaries, or the direct products or designs based upon such
information or technology in violation of the export-contral or customs lows ar regulations of any country, including those of the United States of

America.
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5.2.3 Madification of System Design after Calculation

After the first simulation of the system, WAVE allows the user to rerun the simulation at a different temperature by
following these steps (Figure 184):

1. Click on the dropdown arrow under “Temperature” in the Summary Report Tab.
Select the appropriate temperature value:
3. Design temperature

b. Maximum temperature
c. Minimum temperature
d. Another values (using the ‘Specify’) option.

2. Click on the "Refresh Report” button (see Figure 184).

The report will be updated with recalculated values. WAVE will use the existing resin volumes and vessel geometry
obtained during the previous simulation and the “Length of Operating Cycles” (or “Specific Velocity”) specified on the IX
Initialization Window.

'3 A
@ | | » | 10N EXCHANGE SYSTEM SPECIFICATION IN WAVE - Case 1 el 1
[m— =

Filc v Configuration User Settings Feed Sstup Report Help 7 WAVE Answer Center 1) Guick Help
Detsiled Report Temperature: Report Languags:

R h |l save To Water Library Design - nglish-United Ststes  Export to PDF Stacked Detsilad Reports in PDF

Calculstions Water Library Temperature: Langu Summary Report Stacked Report

| Home | Feed Water | 1 SoftyDeslic | 1¢ Demin | 1 MB Polish | Summary Repart | T
Demign

‘emperatura:
[P

X Demin Report | IX MB Polish Report

IX Summary Report

oect
_—

1

IX System Overview

I Process Demineralization

Layout [WAC | SAC] - degas - [WBA | SBA]

#Trains @nline = 1 Regeneration = 1
System Average Flow Rate {m3fh} Feed = 341 Product = 89,7

Nt Product Flow Rate per Train {m3fh} 8.7
Throughput per Train per Cycle (m2) Gross = 541.4 Net = 8967
System Recovery (38) 95.3

Estimated Run Time {hr) 10.00

Estimated Regenaration Time (hr) 134

IX Resins and Vessels

Resin Type wac sac wea saa
Vessel Type UPCORE UPCORE UPCORE UPCORE
Design Flow Rate (m3/h) 34,139 | 34,139 34,139 34,139
Resin Name AMBERLTTE IRCS3 | AMBERIET 1300 H | POWEX MARATHON | AMBERIET 4000 I -

Figure 184. Re-evaluating the design at a different feed temperature
Notes:

o The same Minimum, Maximum and Design Temperatures specified in the Feed Water Tab would be shown in
the dropdown list in the Calculate & Report Tab.

o The temperature specified at this step would not be propagated to other windows (e.g. the Chemical
Adjustment Popup Window)
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5.2.4 Define Recovery

WAVE automatically sends the System Recovery calculated at the Report Tab to the Home Tab. However, if needed the
recovery can be modified. This can be done through the following steps:

1. Click on the Home Tab and right-click on the Technology symbol

2. Select "“Define Recovery” from the dropdown list. The Define Recovery Popup Window would appear

3. Select the radio button next to selected option and click “OK™:
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Basic Default: This is the default recovery that WAVE is assuming when starting the design

Specify: User specified initial recovery value that WAVE will assume when starting the design.

Based on IX Process configuration: this option will only appear once the summary report has been
generated. This is the calculated IX Process recovery based on the design inputs and it is the recovery

that WAVE will be using.

¥ ABN YD

Water Type:
ROfNF Permeste. -

[— N N = B
File v Configuration User Settings Feed Setup Report Help T WAVE Answer Center 1 Quick Help
Flow: O ) Add Case | | [ Add Chemicals/Degas
Manage | | | A Adjust Final pH
Cases | Water Chemisiry Adjustments | RO Spedial Features | UF Special Features
Home | Faed Water | D¢ MB Polish | Summary Report |
Define Recovery x|
MB WAVE Manual - Case 1 § Technologies
‘Welcome! To get started an your new project: () Basic Default: g7.00) %
1.5pecify the feed flowrate or product flowrats, . | Pre-treatment
2:5elect the technologies by dragging and dropping thecors. =, X ol
3 Select  watar type from the dropdown list for UF, ROor R, SP=dify: 5700 %
@) Based on IXME Configuration: [ 96.48 | [
# | Bulk Demineralization

| Polishing

©

~ | Split and Mix Points

@

Figure 185. WAVE define recovery option
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5.2.5 Handling the Reports (Saving & Exporting)

The Summary Report serves as a quick look at the results. The Summary Report can be exported as a PDF document to a
folder location of the user's choice.
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Fil: v Configuration User Settings Feed Setup Report Help

Temperature:

Design -

Report Languags:

English-United States | | Export to POF

Detailzd Repart

|l save To water Library

Refresh Report 00 |oc

Calculations Water Library

Home | Feed Water | DX Demin | Summary Report |

Temperature: Language

Export Project Summary Report

"= WAVE Answer Center 16 Quick Help
Stacked Detailed Reports in PDF

Stacked Report

IX Demin Report

IX Summary Report

IX System Overview

m

IX Process

Layout

Demineralization

[5AC] - [WEA | 5BA]

#Trains Online = 2

{m3/h} Feed = 300.0
(ms3/h)
(m3)

System Recovery (%) 58,4

System Average Flow Rate

Wat Product Flow Rate per Train
Thraughput per Train per Cycle Gross = 4,650.0
Estimated Run Tima (hr) 31.00

Estimated Regeneration Time (hr} 153

Regenaration = 1
Product = 295.3
1476

Net = 4,576.5

IX Resins and Vessels

Resin Type SAC weA

Vessel Type UPCORE URCORE

Design Flow Rate (m3fh) 145,599 | 145,559

Resin Name

4

DOWEX MARATHON|DOWB< MARATHOM | DCWEX MARATHON -

SBA
UPCORE

145,599

o

Figure 186. Export of Summary Report in WAVE as PDF

The Detailed reports can be exported to PDF, Excel or Word as shown in Figures below. All of these options lead to a
folder location where the user can save the PDF, Excel or Word file.

» | UF Example 2 - Surface Water -

=8 ®

®
SR

WATER APPLICATION VALUE ENGINE
DOW WATER & PROCESS SOLUTIONS

WAVE Program Version: 1.37.373
Calculation Engine Version: 9.19

Database Version: 7.1

[UF

Project Hame: UF Example 2 - Surface Water
Case:

Customer:

Prepared by: Dow Water & Process Solutions
Company: Dow

Configuration User Settings Feed Setup Report Help ) WAVE Answer Center 16 Quick Help
Detailed Report Temperature: Report Language:
e s3ve To water Libiary | [esion ¥|| 150 [°C | English-United States Export to PDF
Calculations Water Library Temperature: Language Recovery Export Project Detalled Report
Find | Mest

Figure 187. Export of Detailed Reports in WAVE - selecting the dropdown
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WATER APPLICATION VALUE ENGINE
DOW WATER & PROCESS SOLUTIONS

'WAVE Program Version: 1.37.373
Calculation Engine Version: 9.19
Database Version: 7.1

P

Project Name: UF Example 2 - Surface Water
Case:

Customer:

Prepared by: Dow Water & Process Solutions
Company: Dow

@ ' | » | UF Example 2 - Surface Water - o[@] %
ﬁ Configuration User Settings Feed Setup Report Help: &l WAVE Answer Center 9 Quick Help
Detailed Repart Temperature: ’ - Report Language:
ke Save To water Ubrary | Besign e 150 |*  English-United States Export to POF
Calculations Water Library Temperature: Language Recovery Export Project Detailed Report
| Home | Feed Water | Utrafitration | Detailed Report |
H 41 of 2 b M e oG] 100% . Find | Next

Excel E
POF \
Word

Figure 188. Export of Detailed Reports in WAVE - selecting the option

It is also possible to create stacked report. By clicking this option, WAVE will create detailed report of all the different
cases selected in one single pdf file.
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[ ) ) = o
File ¥ Configuration User Settings Feed Setup Report Help T WAVE Answer Center Quick Help
Temperature: Report Language:
Detsiled Report |l save To water Library | [ Design w| | English-United States | |Transfer RO Recovery | | | Export to BDF Stacked Report
Run Batch i 20.0 I °C
Calculations Water Library Temperature: Language Recovery Export Project Summary Report | Stacked Report
Home | Feed Water | IX MB Polish | Summary Report
X ME Palish
IX Summary Report
IX System Overview 1
I Process I Demineralizer Palishing
Layout [Me]
#Trains Online = 1 Regeneration = 1
System Average Flow Rate {m3/he) Feed = 103.7 Product = 100.0
Train Net Flow Rate (m3/hr) 100.0
Throughput per Train per Cycle. (m2) Gross = 1,032.8 Net = 1,000.0
System Recovery (%) 96.5
Estimated Run Time (hr) 10.00
Estimated Regeneration Time (hr) 447
IX Resins and Vessels
Resin Type SAC SBA
Design Flow Rate {m3/hr) 103.281 103,281
_ DOWEX MARATHON
Resin Name 650C H AMBERJET 4500 I
Itanic Farm (Metiversd H | a v
‘l 5

Figure 189. Stacked reportin WAVE
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6 Case Management

WAVE allows users to create variations of a water treatment process by defining multiple cases. Case management in
WAVE involves the following:

6.1 Adding New Cases

___________________________________________________________________________________________________ 209
6.2 ACCESSING CaS0S . 211
6.3 Deleting Cases . . ... 216
6.4 Saving and EXPOrting ... .. 217
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6.1 Adding New Cases

New Cases can be created in WAVE using two ways:

6.1.1 Using the Add Case button in the Home Tab

New cases can be defined in WAVE by clicking on the “Add Case” button in the Home tab (Figure 190).

Filt ¥ Conf‘gurathon User Settings Feed Setup Report Help i WAVE Answer Center | g Quick Help

Add Case id Chemicals/Degas Compaction UF TOC Rejection
JEPC' = =

Pressure: ) psi bar

(]

0
Temperature: () °F @ o Manage A Adjust Final pH RO TOC Rejection
Fhoo Chofd @ MH_
Units 1 Cases ‘Water Chemistry Adjustments RO Special Features UF Special Features

| Home | Fead Water | Reverse Osmosis | Summary Report |

RO SW EXx 1 - Case First —
Welcome, To get started on your new project: =
1, Specify either your water inputs or desired output ~ | Pre-treatment

2. Add processing steps from the toal palette
3, Mouse over items for help and hints @@@

# | Bulk Demineralization

QOO

| Trace Contaminants Removal |

00

Diasign Guidelines Based On: G

| Seawater -

Figure 190. Creating a new case using the Add Case button from the Home window

Notes:
« By default, WAVE creates a case when a new project is started

« By selecting a case of interest (Case A), then right-clicking on it and clicking on the “Add Case” button, the user
can create multiple copies of Case A.
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6.1.2 Using the Add Case button in the Case Manager Window

New cases can be defined in WAVE as follows:

1. Click on the “Manage” button in the Home Tab (as shown in Figure 191)

Configuration |  UserSetings  FesdSetup  Repart  Help v | W
Flown ‘9'"" P‘ :z Add Case | | | s Degas Compaction -
T:,:;‘::: j: %- A\ Adjust Final pH RO TOC Rejection
o TJJn;d @ mq_J Cases | Waler Chemistry Adjustments = RO Special Features | UF Soecial Features
| Home | Fead Water | Reverse Osmosis | Summary Report |
RO SW Ex 1 - Case First ook |

Welcome, To get started on your new project:
L. Specify efther your water inputs or desired output
2. Add processing steps from the tool palette

3. Mouse aver ftems for help and hints

mm« 00

00

# | Bulk Demineralization

Q00

# | Trace Contaminants Removal |

# | Split and Mix Points

"W

Figure 191. Creating a new case using the Case Manger - accessing the Case Manager

2. Select the case of interest and click on “Add” in the Case Manager window (Figure 192).
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-
@ ' |d » | UFExample 1 - Seawater - Case 1: SFD-2880XP

i Configuration User Seftings Feed Setup Report. Help
floi | 9"'" ® '“'"" Add Case egas C UF TOC Rejection
) m'fd
TW - AMM e
Flunc: nﬁ! @ LHH
Units Water Chemistry Adjustments | RO Special Features = UF Special Features

Home. F-dmulﬂkﬂnmlsmﬂm\

5 WAVE Answer Center | Quick Help 8

UF Example 1 - Seawater - Case]. SFD-2880XP
‘Welcome. To get started on your new project:
xwmmmmammw
2Addpcm|gnpsfmmﬂ\ermipalm

3. Mouse aver items for help and hi

Case Management
}

Casz Mo Case Name Case Note
1 |Case 1: SFD-2880XP | Casa 1: SFD-2380XP |

2 | Case 2: SFD-2880 | Case 2: SFD-2880
3 (Case 3 Case 3

¥ ARNPIND

.
° \
@ )

G@

' A Bulk Demineralization

7 Q00

|~ Polishing

Figure 192. Creating a new case using the Case Manger Add Case button
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3. Afterthe case is created, click on “Close” (Figure 193).

- Configuration User Settings Feed Setup Report Help f WAVE Answer Center | (i Quick Help
Fhs :z ?:’””’ Add Case | | |wllm Add chemicais/Dega Compaction
=ps @
OF @ Manage || | A Adjust Final pH R0 TOC Rejection
Flux: Ol afd @ LMH
Units More Cases Water Chemistry Adjustments | RO Special Features | UF Special Features

Home | Feed Water | Reverse Osmosis | Summary Report |

ROSWEKI Case 2

g Gn your rew project: Tools |
L Speﬂrvedmmwwermmlsordwr'adw ,. £ | Pre-treatment.
2. Add processing steps from the tool palee | Cpee Management

3. Mousa aver fems for help and hints @ @ @
Case No  Case Note

1 1Casad r- Bulk Demineralization

I ® poJoo) =)

\ Trace Contaminants Removal

00

~ | Polishing

20

\ Split and Mix Points

Design Guidelines Based On: [ m

prrr— WJXMPWI[MII\MJI‘

Figure 193. New case creation and where the user is notified
Notes:
« By default, WAVE creates a case when a new project is started

« Users can see that a new case is created by looking at the name of the project displayed at the Case
Management window and the Quick Nav window (as shown in Figure 193).

6.2 Accessing Cases

Cases which have been created in WAVE can be accessed in three ways:
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6.2.1 Using the Case Management Window

The list of Cases that have been created can be seen from the Case Management window by clicking on the “Manage”
button as shown in Figure 194 and Figure 195. The Case Management Window allows the user to order the different
cases and rename them.

Note:

”
@ ' |d » | Untitled Project - Case 1 li‘ﬂlg
—— =
Configuration User Settings Feed Sstup Report Help £ WAVE Answer Center 1) Quick Help

Flow: ) gpm

Add Case

Mansge || A Adjust Final pH RO TOC Rejection

Cases ‘Water Chemisiry Adjustments RO Spedial Features

Home | Feed Water | Ultrafitration | Reverse Gsmesis | Ix MB Polish | Summary Report |

UF TOC Rejection

UF Special Features

Untitled Project - Case 1

Welcome! To gat started on your new project:

1.5pecify the feed flowrate or product flovrate,

2.Salect the tachnologies by dragging and dropping the cormesponding procsss icans betwaen the two bl amomws,
3.5elect = water type from the dropdawn list for UF, RO or ROSC.

¥ AN PIND

Water Type:

Surfaca Water -

Technologies

~ | Pre-treatment

(U s

| Bulk Demineralization

Qo0

~ | Palishing

W

| Split and Mix Points

@

Figure 194. Accessing the Case Management window

@ | 1 » | Untitled Projact -Case 2 (=8] ® |
File v Configuration User Settings Feed Setup Report Help 5 WAVE Answer Canter 1) Guick Help
Flaw: ) ® "‘:"h Add Case | | | == Add che Degas c UF TGC Asjection
Mansge [ | A Adjust Finsl pH RO TOC Rejection
Cases Water Chemistry Adjustments |~ RO Spacial Features | UF Special Features
Home | Fasd Water | Ultrsfiltration | Reverse | D mB Polish | Summary Report |
Untitled Project -Case 2 [z Management Ig] Technologies

Welcome! To get started on your new

1.5pecify the feed flowrate or product f

~ | Pre-treatment

0o

» | Bulk Demineralization

000

~ | Polishing

©

| Split and Mix Points

2.5elzct the technatogies by cragaing = Cose No | Case Name Case Note
Z.Salect 2 water type from the dropdov| 3 |Chsel |Case a1 | ﬁ,
2 |Case2 [case2 | @
=
a3
=2
2
»
[Addcaga ] [OpenChsEI [Deleha{kaal [ Close
Water Type:
Surface Watar

@

Figure 195. The Case Management window

delete, add or open a case.
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The Case Management window allows the user to reorder the Cases and rename them. It does not let the user
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6.2.2 Using the Quick-Nav Window

The Quick-Nav Window, accessible from every Tab except for the Summary Report Tab, is another way to access the list
of cases (Figure 196 and Figure 197). From the Quick - Nav window, the user can open or delete a Case.

« WAVE prevents the user from deleting the last or only case in the Quick-Nav window.

o The Quick-Nav window does not allow the user to add or reorder a case.

-
@ | ld » | Untitled Project -Case 2 [ESEN )
] :
Filt v Configuration User Settings Fead Satup Report Help % WAVE Answer Center | g Quick Help

i/ Add Case | | |wlm Add Chemicals/Degas Compaction UF TOC Rejection

z Mansge | | | A Adjust Finsl pH RO TOC Rejection

Cases ‘Water Chemistry Adjustiments | RO Spedial Features | UF Spedial Features
Home | Feed Water | Ultrafiltration | Reverse Osmosis | X MB Polish | Sumemary Report |

Untitled Project -Case 2

Welcome! To gat started on your new project: 1echnologies

15pecify the feed flowrate or product flowrata, \

2 Select the technalojies by dragging and dropping the comesponding process icons betwesn the two blus arors. ) Bre sreatment
R

3.5elect 2 water type from the dropdawn list for UF, RO or ROSC. @ @

| Bulk Demineralization

000

~ ) Polishing

@

~ ) Split and Mix Points

@

Figure 196. Accessing cases through the Quick-Nav window - accessing Quick Nav

.
@ ' kd » | Untitled Project - Case 1 [ESIER
Fil: v Configuratien User Settings Feed Setup Report Help % WAVE Answer Genter | i Quick Help

GET e Add Case ||| [=f= Acd Chemicals/Degas Tt UF TOC Rejection
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Figure 197. Accessing the Case Management window
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6.2.3 Using the Project Open Window

A third way of accessing is by using the “Open Existing Project” window . The steps are:

1. Click on “File”, then select “Open Project” (as shown in Figure 198)

2. Click on the “Show Cases” checkbox, as shown in Figure 199. The cases in that project are displayed as shown in

Figure 200.

o | |l » | UF+RO-Ex1- Surface Water v1 - Case 1: Worst case scenario in terms of rejection (highest temperature + highest flow fa... E@Q

‘ﬁ MNew Project

~
/ Open Project
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.
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J‘\ Close Project
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RO SWEx 1

RO - SW example for training
Example for video - UF
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UF & RO Example

actio UF TOC Rejection

OC Rejection

Spedial Features | UF Special Features

0 in terms of rejection (hi

e |

A | Pre-treatment

(P L)

| Bulk Demineralization

Q00

~) Palishing

@

~ | Split and Mix Points

blus zrrows.

I+ » [Untitled Proj

Figure 198. Choosing the ‘Open Project’
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Figure 199. Selecting 'Show Cases'.
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Figure 200. Display of cases in the 'Open Existing Projects' window.

« By right-clicking on the Case of interest, the user can Open, Delete and Rename a Case in the “Open Existing
Project” window. The user can promote one of the cases to a ‘root project’ so that more cases can be generated

from it.

« The ‘Open Existing Project’ window does not allow the user to re-order the cases or create a new case.
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6.3 Deleting Cases

Cases can be deleted in WAVE in one of three ways:

1. Using the Case Manager: Cases can be deleted by selecting them and clicking on ‘Delete Project’.

- =)
@ | |d » | UF Example 1 - Seawater - Case 1: SFD-2880XP @m
Configuration User Settings Feed Setup Report Help F WAVE Arnswer Canter | Quick Hep @0
() o
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@ K
@ Cases \Water Chemistry Adjustments RO Special Features ~ UF Special Features
— = I
Welcome. To get started on your new Technologies |
B Case Mo Case Name Case Note = (A Prectreatment
3. Mouse over iterms for help and hints 1 |Case 1: SFD-2880XP |Case 1: SFD-2880XP i
2 | Case 2: SFD-2650 | Case 2: SFD-2860 =
3 Case 3 Case 3 n
#  Bulk Demineralization
g = ~ | Polishing
:
Feed Water ISR >
/4 ~ | Split and Mix Points
| e | | oo e
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|

2. Using the Quick-Nav Window: Cases can be deleted by right clicking on them and selecting “Delete”.
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3. Using the Open Existing Project Window: Cases can be deleted by right clicking on them and selecting

“Delete Case”.

— ==
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2 Recent Files —
-ej MNew Project e UF TOC Rejection
UF Example 1 - Seawater
= )
L/ opR it Open Existing Project [
H Save Project | Fiter off | [ Export selected projects | [ Delete selected projects |
i?! Save Project As [] Project Name Customer Name  Country Revision Date Created WAVE
["| @ Example 1 - Seawater /20017 10:22:30 PM | 6/B/2016 219:19PM 1410 - |
[ cose2 sFo28m0 ot Case =

\
us) Export Project

Case3

@ Import Project ] @ROSC Example 1 - RO Permeate

Promote a case o a root level project

:50 PM | 10/26/2016 5:32:04 PM | 1.37..
:57 PM | 10152016 46 PM | 1370

i o Gk 1 A, Rename Case e rms! antsmranee
(] close project
e Project Property: Candition: Text field label:
@ Exit Wave
Technologies: FlurBlro EFx @ and 5 or
— P WAVE Version: ~
Customer: =
— Country: .
Sea Water Key Words: =
Revision Datei I % ‘ [setect a Date EI
Project Name: | -
Clear Filter | Apply Filter

6.4 Saving and Exporting

6.4.1 Saving

WAVE projects can be saved using “File” then “Save” or “Save as” as shown.. The useris prompted to provide a name for
the project the first time it is saved.
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Figure 201. Project saving in WAVE
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6.4.2 Exporting

WAVE projects are saved in a database and cannot be shared. However they can be exported as DWPX files which can
be saved and e-mailed. If the user clicks on “Export” they would be directed to a folder to which they can export the

Project. By the same token, a user can Import a project from a folder using the Import button.
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=9 Import Project

I Close Project

O v
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Name

4 My Documents (208)
C:\Users\u94952
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@ Newprojea © wavibpon =)
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@U'—-- < + Libraries » Documents » « [ 63 ||| Search Documents )
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Figure 202. Project exportin WAVE

WAVE does not allow a user to export a project that has not been saved

Importing a DWPX file will bring the project into the “Open Existing Project” window. The user has to go to the
“Open Existing Project” window from File to open the Project.
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6 Definitions of Terms and Abbreviations
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Weight of wet resin that displaces a unit volume, expressed as grams per unit volume in a specific
jonic form.

Process of using air to mix two ion exchange materials of different densities in a water

Cleaning method where air is used to shake the fibers and help to dislodge the solids from its
surface. Also known as Air Scrub.

The normal end-point for a WAC resin is 10% alkalinity leakage. In this condition, the downstream SAC
resin should remove the permanent hardness and the monovalent cations. This situation generally
leads to a big discrepancy between WAC (large) and SAC (low) resin volumes. Increasing the end
point value above 10% means that the SAC resin has to deal with a part of alkalinity, resulting in a
better: utilization of both resins and better optimization. This item can be entered as any value
between 10 and 80%.

The amount of NaOH used for one regeneration expressed as equivalent unit.

The gross ionic load on the anion exchange resins between two regenerations.

A positively charged synthetic particle that can freely exchange associated anions based on
differences in the selectivities of the anions. Also referred to as anion resin.

Breakage and abrasion of resin beads occurring when the beads rub against other beads or other
solids.

Hydraulic cleaning method where filtrate water is pumped from the filtrate to the feed side of the
membrane in order to remove accumulated foulants. Also known as Backflush or Backpulse.

Upward flow of water through an ion exchange resin bed to remove foreign material and reclassify
the bed after exhaustion and prior to regeneration. Also used to reduce compaction of the bed.

Exchange of cations between a solution and cation exchange resin.

Method of using ion exchange resins in which the resin and the solution to be treated are mixed in a
vessel, and the liquid is decanted or filtered off after equilibrium is attained.

lon exchange resin contained in a column.

Depth of ion exchange resin in a column.

Separation and rise of ion exchange resin beads in a column during backwashing.

Volume of ion exchange material of specified ionic form contained in a column or

Measure of the volume flow rate through an ion exchange material contained in a column or
operating unit, expressed as BV/h, m3/h/m?, or gal/min/ft>.

Step just prior to regenerant injection where hot dilution water is added to the resin bed to heat the
bed to the appropriate temperature. This is to enhance polymerized silica removal.

Water used in steam boilers and some industrial processes. Boiler feed water may possibly be raw
water, treated water, condensate, or mixtures, depending on the need.

Volume of effluent where the concentration of the exchanging ion in the effluent reaches a
predetermined limit. This point is usually the limit of the exhaustion cycle and where the backwash
cycle begins.

Number of equivalents of exchangeable ion per unit volume, unit wet weight, or dry weight of an ion
exchange material in specified ionic form.

Negatively charged synthetic particle that can freely exchange associated cations based on
differences in the selectivities of the cations. Also referred to as cation resin.

Creation of isolated paths of lower resistance in an ion exchange resin bed caused by the
introduction of air pockets, dirt, or other factors that result in uneven pressure gradients in the bed.
Channeling prevents the liquid being processed from uniformly contacting the entire resin bed.
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Chemical cleaning method, typically initiated automatically, where some chemicals are added into
the Backwash stream in order to help improve the effectiveness of the cleaning. Usually includes a
soaking step.

Ability of an ion exchange resin to resist changes in its physical properties when in contact with
aggressive chemical solutions such as oxidizing agents. Also the ability of an ion exchange resin to
resist inherent degradation due to the chemical structure of the resin.

Anion exchange system that is regenerated with salt and caustic and exchanges chloride ions for
bicarbonate and sulfate ions in the water being treated.

Obtained by backwashing an ion exchange resin bed, which results in a bed that is graduated in resin
bead size from coarse on the bottom to fine on the top. This is less important when using uniform
particle size resins

Chemical cleaning method, typically initiated manually, where one or several chemical solutions are
consecutively applied in the ultrafiltration trains in order to restore clean membrane condition.
Formation of agglomerates in an ion exchange bed due to fouling or electrostatic charges.

lon exchange operation in which the process water and regenerant are passed through the bed in
the same direction, normally downflow.

Colorimparted to a liquid from an ion exchange resin.

Most common method for employing ion exchange in which the liquid to be treated passes through
a fixed bed of ion exchange resin.

The water stream leaving the membrane system as waste.

Use of a cation resin or mixed-bed column to remove impurities from condensate.

Ability of a current to flow through water as a measure of its ionic concentration, measured in
micromhos/cm (umho/cm) or microsiemens/cm (uS/cm).

Amount of time that the process liquid spends in the ion exchange bed, expressed in minutes.
Determined by dividing the bed volume by the flow rate, using consistent units.

lon exchange operation in which the process liquid and regenerant flows are in opposite directions.
Also referred to as counter-flow operation.

Device that reduces oxygen as well as CO, and all other gases to a very low level. It is a preferred as a
means of CO, reduction when demineralizing boiler water make-up. It eliminates water pollution and
reduces corrosion problems when transferring water through steel equipment. Usually results in
longer anion exchange resin life.

Anion exchange process for the removal or reduction of alkalinity in a water supply.

Exchange of cations for hydrogen ions by a strong acid cation exchange material in the hydrogen
form. See Salt splitting.

Used to reduce carbon dioxide content of the effluent from hydrogen cation exchangers. Reduces
CO, to approximately 5-10 ppm but saturates water with air. Also referred to as a decarbonator.

Physical or chemical reduction of ion exchange properties due to type of service, solution,
concentration used, heat, or aggressive operating conditions. Some effects are capacity loss, particle
size reduction, excessive swelling, or combinations of the above.

Removal of ionizable (soluble) constituents and silica from a solution by ion exchange processing.
Normally performed by passing the solution through the hydrogen form of cation exchange resin
and through the hydroxide form of an anion exchange resin, either as a two-step operation or as an
operation in which a single bed containing a mixture of the two resins is employed.

Water that has had all dissolved ionic constituents removed. Cation and anion exchange resins, when
properly used together, will deionize water.

Process of ionization of an electrolyte or salt upon being dissolved in water, forming cations and
anions.
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Piping inside an ion exchange vessel that evenly distributes flow across the resin bed.

Process by which a stream is treated twice in series by ion exchange resins. Normally a cation
exchange resin and anion exchange resin are followed by a mixed bed or another cation exchange
resin and anion exchange resin step

Operation of an ion exchange column in which the regenerant enters the top of the ion exchange
column and is withdrawn from the bottom. This is the conventional direction of water flow in a co-
current ion exchange column.

Amount of exchange capacity present in a unit weight of dried resin.

Device that draws a solution into the water stream by using a flow of water to create a vacuum.
Particle size expressed in millimeters equal to the 90% retention size determined from a particle size
analysis.

Measure of the quantity of regenerant required to remove a chemical equivalent weight of
contaminant in the influent water. For a sodium softener, this is usually expressed as pounds of salt
per kilogram or kg salt per equivalent of hardness removed.

The solution that emerges from an ion exchange column or vessel.

The solution resulting from an elution process.

The stripping of sorbed ions from an ion exchange resin by passing solutions containing otherionsin
relatively high concentrations through the resin column.

Device that draws a solution into the water stream by using a flow of water to create a vacuum.
Particle size expressed in millimeters equal to the 90% retention size determined from a particle size
analysis.

The reactive groups on an ion exchange resin.

lon exchange resin contained in a suitable vessel and supported by material, such as grated grave|,
screen-wrapped pipe, or perforated plate, which also acts as a liquid distribution system.

Step in an ion exchange cycle in which the undesirable ions are removed from the liquid being
processed. When the supply of ions on the ion exchange resin that are being exchanged for the ions
in the liquid being processed is almost depleted, the resin is said to be exhausted.

Portion of the rinse that follows the slow rinse. Usually passed through the ion exchange bed at the
service flow rate.

The water stream entering the membrane system.

Factor of permeability applied to model boundary conditions in a RO/ROSC/NF designs.

The water stream that goes through the membrane, and is free from impurities.

Feed flow is the rate of feedwater introduced to the membrane element or membrane system,
usually measured in gallons per minute (GPM) or cubic meters per hour (m3/h).

The throughput of a membrane filtration system expressed as flow per unit of membrane area (e.g,,
gallons per square foot per day (GFD) or liters per hour per square meter (LMH).

The normal end-point for a WBA resin corresponds to the chloride breakthrough that can be set just
above 0%. In this condition, the downstream SBA resin should remove the carbon dioxide and silica
ions. This situation generally leads to a big discrepancy between WBA (large) and SBA (low) volumes.
Increasing the value above 0% means that the SBA has to deal with a part of FMA (mainly chloride),
resulting in a better utilization of both resins and a better optimization. This item can be entered as
any value between 0 and 80%.

Step in a UF backwash sequence during which, feed water is used to rinse the system to remove
remaining solids and the air that might have got trapped in the system during the precedent steps.
Water flows on the outside of the fibers (feed side) with the filtrate valve closed, and exits through
the module top outlet.

Due to the presence of acids such as H,5S0,, HCL, and nitric acid (HNOs), expressed in ppm or mg/L as
calcium carbonate.
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Space provided above the resin bed in the column to accommodate the expansion of resin particles
during backwashing.

Atom or group of atoms on an ion exchange resin that gives the resin its specific chemical
characteristics.

Term applied to the bead structure of certain ion exchange resins that have a microporous matrix
structure with small pores generally <10 A. Gel resins offer good operating capacity and regeneration
efficiency. Porous gel resins also exhibit good resistance to organic fouling.

The volume of water that the resin is able to deionize. It includes the water used for regeneration, in
contrast to the NET throughput that excludes it.

Currently defined as the sum of calcium and magnesium concentrations, both expressed as calcium
carbonate in ppm or mg/L.

Tendency of small resin particles to rise to the top of the resin bed during a backwash operation and
the tendency of large resin particles to settle to the bottom.

Term used to describe a cation resin regenerated with acid to exchange hydrogen ions (H+) for other
cations.

Cation exchange resin operation in which the regenerated ionic form of the resin is the hydrogen
form.

Anion exchange operation in which the regenerated form of the ion exchange material is the
hydroxide form.

Solution entering an ion exchange column.
Physical test applied to a membrane unit to detect integrity breaches.

The principle of Internally Staged Design (ISD) is that elements with the lowest production and
highest rejection are installed in the first positions and elements with the highest production in the
rear positions of the vessel.

Space between the particles in an ion exchange resin bed.

Process by which ionic impurities in water are attached to active groups on and in an ion exchange
resin, and more desirable ions are discharged into water.

The resin performances are always reported to the shrunken form of the resins. It corresponds to the
following ionic forms:

o Hydrogen for WAC
o Sodium for SAC
o Free base for WBA

o Chloride for SBA
Half of the sum of the product of ion concentrations and the square of their charges.
Separation of part or all of the solute molecules into positive (cationic) and negative (anionic)ionsin a
dissociating medium such as water.
The value displayed corresponds to the volume of inert material in each vessel orin each
compartment. For plant retrofit or design using standard vessels, if there is no top nozzle plate, the
value includes the volume of material required to fill the dome, providing you checked the
corresponding box in plant retrofit step.
Internally Staged Design
Two ion exchange materials (e.g., weak and strong base anion resins) with sufficient differences in
density and hydraulic characteristics to be layered in the same vessel, in place of two separate
vessels.
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WAVE uses ASTM International practice D 3739 (Standard Practice for Calculation and Adjustment of
the Langelier Saturation Index for Reverse Osmosis) as the basis for the LSI calculations performed.
The LSIis an indicator used to determine the need for calcium carbonate scale control. It is
applicable for water streams containing up to 10,000 mg/L of total dissolved solids. For water streams
containing greater than 10,000 mg/L of total dissolved solids, the Stiff & Davis Stability Index is
preferred.

Phenomenon caused by incomplete regeneration of an ion exchange bed. Since complete
regeneration is usually inefficient, most ion exchange processes operate at one-half to one-third of
the total capacity of the ion exchange system.

Term applied to the bead structure of certain ion exchange resins that have a tough, rigid structure
with large discrete pores. Macroporous resins offer good resistance to physical, thermal, and osmotic
shock and chemical oxidation. Macroporous anion resins also exhibit good resistance to organic
fouling.

Use of a mixture of cation and anion resins in the same column to produce water of extremely high
quality.

This refers to the simplest unit composed of the membranes, the vessel, the end-caps, the feed and

airinlets, the filtrate outlet and the waste outlet. Several modules form a membrane train, rack, bank
or skid.

Number of gram-molecules weight of a solute per kilogram of solvent.
Number of gram-molecules weight of a solute per liter of solution.
Nanofiltration

Portion of the total exchange capacity of an ion exchange resin bed that is used in a practical ion
exchange operation. Commonly expressed in kilograms per cubic foot (kg/ft) or milliequivalents per
liter (meq/L).

Complete ion exchange process consisting of a backwash, regeneration, rinse, and service run.

Expansion or contraction of resin beads due to volume changes imposed by repeated applications of
dilute and concentrated solutions.

Ability of an ion exchange material to resist physical degradation due to osmotic shock.

The percentage of dissolved constituents (contaminants) in the feedwater allowed to pass through
the membrane.

The purified product water produced by a membrane system.

Capability of splitting a portion of the pass 1 permeate from the first stage to the final system
permeate.

It is a numeric scale used to express the acidity or alkalinity of the water. Solutions with a pH less than
7 are acidic and solutions with a pH greater than 7 are basic. Pure water has a pH of 7 and is neutral. In
water, high pH causes a bitter taste, water pipes and equipment become encrusted with deposits.
Low-pH water will corrode or dissolve metals and other substances.

Mixed-bed ion exchange unit usually installed after a two-bed deionizer system to remove the last
traces of undesirable ions.

Resin composed of particles of 3 wide range of particle sizes.

Loss in liquid pressure resulting from the passage of the solution through the bed of ion exchange
resin.

A series of steps that includes flocculation, settling, filtration, or any treatment water receives prior to
ion exchange
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Any water mixed with a product, or becoming part of a product, or used to wash a product. These
supplies require various kinds of treatment such as clarification and filtration. In many cases ion
exchange resins are used to soften, dealkalize, or completely deionize the water.

The ratio of feed water that is converted to filtrate. Recovery equals to filtrate flow produced by the
membrane unit divided by the feed flow and is expressed as percentage

Chemical used to convert an ion exchange resin to the desired ionic form for reuse.

Displacement from the ion exchange resin of the ions removed from the process solution. This may
be performed either by co-current or counter-current operation. Lower ion leakages are typically
obtained with counter-current regeneration at comparable regenerant dosages.

Measure of the amount of capacity of an ion exchange resin compared to the amount of regenerant
applied. This is expressed as a ratio of equivalents of capacity to equivalents of regenerant and is
therefore <100%.

Amount of regenerant used per cycle. Commonly expressed in lb/ft> of resin or g/L of resin. Also
referred to as regeneration dosage.

The percentage of solute concentration removed from system feedwater by the membrane. In
reverse osmosis, a high rejection of total dissolved solids (TDS) is important, while in nanofiltration the
solutes of interest are specific, e.g. low rejection for hardness and high rejection for organic matter.
Ability of an ion exchange resin to use variations in component concentrations and selectivity to
allow a resin to be regenerated.

Passage of water through an ion exchange resin bed to flush out excess regenerant.

Reverse Osmosis

Reverse Osmosis Small Commercial

Transmembrane Pressure (bar or psi). It is the pressure difference between the feed and the filtrate
side of the UF module or skid.

Time between regenerations or the duration of the service cycle.

Strong Acid Cation

Conversion of salts to their corresponding acids or bases by passage through strong acid cation or
strong base anion exchange resins, respectively.

Strong Base Anion

Polymer matrix or ion exchange material used to specifically remove organic species from the
process liquid before the solution is deionized.

Difference in attraction of one ion over another to an ion exchange resin.

Particulate or colloidal fouling can seriously impair performance by lowering UF productivity. An early
sign of colloidal fouling is often an increased pressure differential across the system. The particulates
or colloids can be bacteria, clay, colloidal silica, and iron corrosion products. The best measure of the
colloidal fouling potential of the feedwater is the measurement of Silt Density Index (SDI). The
Standard Test Method has been described in ASTM test D 4189-82.

Portion of the rinse that follows the regenerant solution and is passed through the ion exchange
material at the same flow rate as the regenerant.

Method of transporting resin from one tank to another with water. Sluicing is usually used in mixed-
bed deionization systems with external regeneration systems.

Cation exchange resin, regenerated with salt (NaCl). Exchanges sodium ions (Na*) for metal cations
(Mg* Ca* etc), forming sodium salts (sulfates, carbonates, etc.).

WAVE uses ASTM International practice D 4582 (Standard Practice for Calculation and Adjustment of
the Stiff and Davis Stability Index for Reverse Osmosis) as the basis for the S&DSI calculations
performed. The S&DSI is an indicator used to determine the need for calcium carbonate scale
control. It is applicable for water streams containing greater than 10,000 mg/L of total dissolved
solids. For water streams containing less than 10,000 mg/L of total dissolved solids, use Langelier
Saturation Index.

Capability of a resin to resist chemical and physical degradation.
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Strong acid Part of the total cation exchange capacity that is capable of converting neutral salts to their

capacity: corresponding acids.

Strong acid Resins employed in softening and deionization systems. When regenerated with salt, the sodium

cation resin: ions on the resin will effectively exchange for divalent cations such as calcium and magnesium.
When regenerated with H,SO, or HC, the resin will split neutral salts, converting the salt to its
corresponding acid. The resin usually receives its exchange capacity from sulfonic groups.

Strong base Resins employed in chloride anion dealkalizers and deionization systems. When regenerated with

anion resin salt, the chloride ions exchange for bicarbonate and sulfate anions. When regenerated with caustic
soda, the resin removes both strong and weak acids from cation exchange resin effluent. The resin
usually receives its exchange capacity from quaternary ammonium groups.

Strong base Part of the total anion exchange capacity capable of converting neutral salts to their corresponding
capacity bases.

Throughput Amount of product water generated during the service cycle.

TOC (Total It is the most widely used parameter to determine the organic content in water. It includes Natural
Organic Organic Matter (NOM) and synthetic sources. It is indicative of the tendency of the water to cause
Carbon) organic fouling and biofouling in membranes. It is expressed in mg/L.

TSS (Total It is the measure of the total weight of solids contained in a water sample, and is expressed in mg/L.
Suspended This parameter is more accurate than turbidity (i.e. turbidity usually does not detect very fine
Solids) particles).

Total capacity Maximum exchange ability of an ion exchange resin expressed on a dry weight, wet weight, or wet
volume basis.

Train Single ion exchange system capable of producing the treated water desired, such as a strong acid
cation resin bed followed by a strong base anion resin bed, with multiple trains being duplicates of
the single system.

Turbidity Sediments, clay, silt, small particles, solids etc. cause a liquid to appear turbid, “hazy”. These particles
can, besides, host or shield microorganisms like bacteria and viruses. Turbidity is measured by the
intensity of light that passes through the water sample, and expressed in NTU (Nephelometric
Turbidity Units). Ultrafiltration gives consistent product water with turbidity values < 01NTU.

Ultrafiltration A pressure-driven membrane filtration process that typically employs hollow-fiber membranes with a
pore size range of approximately 0.01- 0.05 ym.

UF Ultrafiltration

Under drain Piping inside an ion exchange vessel that evenly collects the treated water after it has passed
through the resin bed.

UPCORE™ A version of the Packed bed, counter-current regeneration technology in which process flow is
downflow and regeneration is upflow after a compaction step. A floating layer of inert particles is
used to provide self-cleaning capability. UPCORE™ (up¢ ko ra) systems are self-cleaning, eliminating
the need for backwash and increasing regeneration efficiency and productivity while minimizing
leakage. The names comes from UPflow Counter-current Regeneration.

Upflow Operation of an ion exchange column in which the regenerant enters the bottom of the ion
exchange column and is withdrawn from the top. Regeneration efficiency and column leakage may
be improved by this process.

Water Amount of water, expressed as a percent of the wet weight, retained within and on the surface of a
retention fully swollen and drained ion exchange material.

Water Exchange of sodium for the hardness in water by ion exchange.

softening

Weak acid Used in dealkalization and desalination systems and in conjunction with strong acid cation resins for
cation resin deionization. When regenerated with acid, the resin will split alkaline salts, converting the salt to

carbonic acid. This resin exhibits very high regeneration efficiency. It usually receives its exchange
capacity from carboxylic groups.
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Weak base Used to remove mineral acids from solution. When regenerated with soda ash, ammonia, or caustic
anion resin soda, the resin adsorbs strong acids such as HCl and H,SO, from the cation bed effluent. The resin
usually receives its exchange capacity from tertiary amine groups.
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