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2.2.1 MIAMamLsIAuesa e ( Osmotic Pressure )
o a 'i‘.l wa a4 o Y 9 nly
Lliﬁﬂuﬂﬂfﬂu“ﬂﬁ ( T ) 3 uﬂmﬁum11ﬂamsaxmu*nwagﬂummwwu AULARL LR
9 ar d”
AUAUNIT AU
T = nCRT
e T = 1s9nued 1uFd (atm)

snlessulumsiseneu

=]
]

£
= anududuveni (Tuadans )

AAINVDINY 0.082 UTTLIMIA-Aa s/ Tua - K

- ® 0
I

a oo U4
= MUYl

M3 2.1 usenueed InFavesaistseneuuesiian 25 °C

NaCl 35,000(. 0.6 398
NaCl 1,000 0.0171 114
NaHCO, 1,000 0.0119 12.8
Na,SO, 1,000 0.000705 ' 6
MgSO, 1,000 0.00831 3.6
MgCl, 1,000 0.0105 9.7
CaCl, 1,000 0.009 8.3
Sucrose 1,000 0.00292 1.05
Dextrose 1,000 0.00555 2

* A useful rule of thumb for estimating the osmotic pressure of a natural water is 10 psi/1000 mg/liter

(ppm)



MBEIMSMIMIUN NI HBRa INF T

[]
~

A. Sasazmefinnududu 100 g1 ssfwnunmussdusealudaiigangili 300 °K

] ¥
aagnazarsnivimin lumna 50, 500, 5,000 LA 50,000 g

A

¥
werhwminluana = 50

T = (100/50) x 300 x 0.082 =49 atm.

Ow i

L4

WehwminTuana = 500

T = (100/500 ) x 300 x 0.082 =4.9 atm.

LI"Y Il

o

tievimiinTuana = 5,000

T = (100/5,000) x 300 x 0.082 = 0.49 atm.

O Il

o

diorimi Tuana = 50,000
7 = (100/50,000 ) x 300 x 0.082 =0.049 atm.
detniiuanaldifiui Lﬁ"ﬂTmafga?;qLﬁﬂusqﬁ'uoaﬂiuc?méqqq f’]"mmqﬁlmﬁu
ood ludd allunumdingluszuueeaTuFadoundu Suvild RO dealdusefugs
B. wefnnmsduvesaIsazaanAeunsfianududu 1,000 uaz 35,000 mg/ fi
gl 25 °C ( 51nﬁnTuLaqavoq NaCl =58.5)
denamdudi = 1,000 mg/l
0 = 2x (1/58.5) x (273+25) x 0.082 = 0.82 atm.
35,000 mg/l .
T = 2x (35/58.5) x (273+25) x 0.082 =29.2 atm.

b 4
c. tlevsunsg Janudindy (mol ) asne il

Na'" 0462 Mg™  0.059
Ca” 0011 K 0.007
cr 0.553 SO, 0.028
wfnumMusussn Iudavesmsazawdndnfigaungd 25 °C
8991 C = 0.462+0.059 +0.011 + 0.007 + 0.553 + 0.028
= 1.12 mol1
n =1
T =273+25 =298°K
1NgAT T = nCRT

1 x 1.12 X 298 0.082

]

27.4 atm.



2.2.2 %ﬂmmmmimmnizmumi Reverse Osmosis
3
1. andSuavesarsazare i (TDS)
2. andSuuaNuNITad

3. aadSnavewigeslsa

o w =

=) oS d
4. AHTONIANITOUNTYAING

]
°o_ o @

b= a 134 o
5. aﬂﬁiﬂﬂ‘]%ﬂiaﬁ% uﬂmﬂuwu HAE AINANUTIANNY
A o w a ad g [
6. AAYIONIIAYAUNTUA N 5'3“71\1‘1'35?{?1'30
) [ N [} [
@115y Membrane vziidnvazfuwiuuiann fgngunnadnuimlszim 0002 um
O A a P a g 1 o v do w & ' a ad
ﬂizmﬂagﬂ’mum 1910 Polymer UHangyua Lﬂutﬁ?uﬁ?ﬂﬂgﬂﬂ'ﬂﬂlﬂaﬂlli ag F15oUNIY

° 9/

> 4 -4 4 (R [ oy o 4
FudrziuiagnzuszimihiisessuhuSgninanuusudeihumdsnouen hauiign

4 < y U LY o oy
Al nTee9zAnuily Turbulent Flow Hanwiluthu uaz Tusedugs vildaunsaszuieih

aa Y g Y1
‘Vl3Jﬂ'J'liJL"UlJ‘UulJ'lﬂ‘iz'U'IU@ﬂﬂllﬂ\ﬂU

2.2.3 nalnm39191484 Reverse Osmosis Tumsthidamsaiag
menwsautiena lamsddamseeniiu 2wy

2231 nalpmshidamndeus (Beewuniaq fiidszg)

Pressure
1 Na'PO,
Al (50, ), ca'50?
Solution Flow 4
- Wl o
Na'No, Na'Cl K Cl
————————————— \\/'_——__-_—————"\\/.«""—_""‘"‘———————
+ I Pure water layer |
4 025um | I
160 um T
*
Dense microporous b b
layer of membrane Spengy Support
layer of membrane

31 2.3 nalamsidandeusvesszuuvea ludadoundu



t 4 ) ] 1 4
dwmiunalnmsmidadeouil szordumiswanlizy lesnnfifveauusueell $u
oy ' :’ & ] o 3 = o o -
Tuagavesinnagued lagTuanaveniiisstaimileadis H-Bond vaiz@oaiuneiinsg
y 1 d ¥ t 4
wanszniedosumaiiidaouiy ( Dielectric Interaction ) mwizTuagaveuiuviniud
2 q’:’ oy ndy i a -1 @ a Aa [ 2+ 2-
annsafuduguii 1@ daudesunvzgawdnesnly Beeuil Valency qaq 151 Ca™*, 50,7,
o I a { ; ] - _ o 1 :‘ o Py
Mg™, Fe’* fazqnwanlaaniidesufill Valency f1q 1y Na', cI, F SufanuhlinSqns
as aa ' -r::'d v
nNvzliBoUMAIiaANDABBNIIAIY
1 4 4 -]
unlunsalil Feed Water 3 Flow rate anfq Pressure 192181%Ug Osmotic Pressure N9
EY -2 e ' :’ o P o [y =]
veyauswamiieaseninluanavenit ( H-Bond ) Nezannd vaisipeaiuuswdmlsygney
° { ' ' 43‘
annenae Ml salt Flux ( avwannsalunisfindousdurig Membrane ) Avzunniiuuag

o o @ o v N .
Salt Rejection NIZAARIAINAIAL Tasnuasaves RO lun1sAda Cations 110 Anions

uaaalum1s19n 2.2 uag 2.3 amaiau

Chloride (CI') 94-95 5 34
Bicarbonate (HCO, ) 95-96 4 ' 5-8
Sulphate ( SO,”) 99+ 1 8-12
Nitrate (NO, ) 93-96 6 34
Fluoride (F') 94-96 5 34
Silicate ( Si0,”) 95-97 4 -
Phosphate ( PO,” ) 99+ 1 10-14
Bromide ( Br ) 94-96 5 3-4
Borate (B,0,”) 3570+ - -
Chromate ( Cr0O,”) 90-98 6 8-12
Cyanide (CN') 90-95++ - 4-12
Sulphite (SO,”) 98-99 1 8-12
Thiosulphate ( S,0,” ) 99+ 1 10-14
Ferrocyanide [Fe(CN):'] 99+ 1 8-14

+ Must watch for precipitation; other ion controls maximum concentration.
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++ Extremely dependent on pH : tends to be an exception to the rule.

M3 2.3 ATTUAINITOVBY RO lumsfi1saa15a2a1u Cations

Sodium (Na" ) 94-96 5 34
Calcium ( Ca”") 96-98 3 +
Magnesium ( Mg2+) 96-98 3 +
Potassium (K" ) 94-96 5 34
Iron ( Fe™") 98-99 2 +
Manganese ( Mn™") 98-99 % +
Aluminium ( AI™") 99+ 1 5-10
Ammonium (NH"") 88-95 8 34
Copper (Cu”") 98-99 1 8-10
Nickel (Ni™") 98-99 1 10-12
Zinc (Zn™") 98-99 1 10-12
Strontium ( St™") 96-99 3 . -
Hardness ( Ca and Mg ) 96-98 3 +
Cadmium (Cd™") 96-98 3 8-10
Silver (Ag") 94-96 5 +
Mercury (Hg™") 96-98 3 -

+ Must watch for precipitation; other ion controls maximum concentration.

++ Extremely dependent on pH : tends to be an exception to the rule.
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oW a d(d’d 1
2222 nalnmsmaamssunigniluanavinalval

Pressure

Solution Flow

- T

Dense microporous b
layer of membrane

Spongy Support
layer of membrane

y °o_w a a o ) g
31 2.4 malamsivamsounidvesszzueealugadounay

] =t 1 o o o w a o @ a
1wy 11J5Au | Polymer @199 dmsunalnnisdidaansdunsdzadisndanumsniorlnd
A a A el < " [~ ' 4 9 a
fin asounsontumala M, > 150 neg liimwisalanasaeonuentesineeeninld azda
g a 1 o 4 & rta
Mauazgn Flow o8N 1Un1aiui1u03 Membrane dauasiiil Tuanavinadnasas liidans
[ P [P= < = ] c:: :‘ Y| a @ Y a ad ] =
wan esnn luiilszg nezawnsodurmuduinndeduinsesinld msdunid wu Tushu
& i‘_l 1 A @ Ay 1 A o =< ]
yuludnlsznovvesuanGe |, hin Folinawg  Nlvinalug liawnsodurm

o w a o {
mmmuaaﬂm"lﬁ’f TaoaNuaINITDUDY RO Gluﬂ'lﬁﬂ’l“'llﬂ’dﬁ’e)u‘ﬂgﬂ uamiumswﬁ 2.4



15190 2.4 ANUAI0Vee RO Tumsidaaisdunss

12

Sucrose sugar 342 100 25
Lactose sugar 360 100 25
Protein 10000+ 100 10-25
Glucose 198 99.9 25
Phenol 94 + -
Acetic acid 60 + -
Fomaldehyde 30 + -
Dyes 400-900 100 -
Biochemical oxygen demand (BOD) 90-99 -
Chemical oxygen demand (CoD) 80-95 -
Urea 60 40-60 Reacts similar to a salt
Bacteria and virus 50000-500000 100 -
Pyrogen 1000-5000 100 E

+ Permeate is enriched in material due to preferential passage through the membrane.

2.3 MIANHIVU (AL BONHUUIZUY Reverse Osmosis
2.3.1 MR TT 113 U0nIZ U Reverse Osmosis
2.3.1.1 Water Flux (F,, )
. v
Tuvagfimsnsenirsssuaiiidnsnnes m’/m* hr) fuwmislinesdday szuu
da ﬁ @ o o a g o d’, 2 o d :, 2 ] 2
RO 1] Water Flux (Hlu@adfigg wismiaoiaail MunetesasuswsahnFumumuiusuaa
vy | v ¥
M1AUSas Inavonhme MU oW UNYDUNVILTY WU mm/em’-S (Hudu heuisoduru
o d'; (K Y & o a Ay 3 o < 1 4
sy 1AsasYuegiunsuYeunIoIgY Az useiused Tugaid 1l duezniuld
¥
MNaNMT fane il
A(Apr- Am) (2)

Fy

Tagh Fy Water Flux
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8 [l
mla . w9ams Iavs M IINIIUTY SIS UWUT AR

A =
A 1 a -5 3
wagladesiwan A 01909910A 5219 1.5 * 10° mm/em’-atm
¥
AP = anuuAnANIZNINIEIANYENIINIBYAUAZATHUBUNTU( UTTINN)
Y 4
A = anuuenanseninusiuesd ludavenihnegauasduveauuiusy

|
g1 Inaveuhiuieswummusy  aunsodanlfninwoguues Water Flux
4{ q' ) 9/ Y 9 o oar o @ o )
waz Wuhveurumunsy lunasedudidar Water Flux (vSdnadammusudindimuam
o 1 - : { o °
489 Water Flux mwldannzihauaieg ) uaz Ssnanhazeaiidesmsiannsasium
A 4 a9 v
Auhvouuuusuiideans 1514
o Yy a Y a :’ a -3 a 1 ]
aums® 2 uasliiundaswdahazeramuiumumsmuvsinan1asenin Ap
4 . ' @ a 3 < 4 o 4
uaz Am Fohldndnldn saswdmbazsiaiuaumsiuvesussiuveunsesgqy lu

3 4 A a o J oo . R4 o d oy
ﬂauﬂﬂqﬂﬂglﬂUQﬂQT MINVLLTIAUYDIUT fN'V]'l.lﬁhlﬂu'lﬁza'lﬂﬂuﬂmﬂ'lwqﬂﬂuaﬂﬂ?tl

2.3.1.2 Salt Flux (F;)
dmivlugaund  wusudesbiveyIfasazaIvedurinldiae  ualuanufuese
¥
ud sy liensondn Tuaganie looou ldnuannd i Iiiingald ( Permeate) T
VauE@Ue NIFIVBIAITATMOHINMINIVIY (30071 Salt Flux 5311 RO 0 Salt Flux g9 92
a & dd i v & das ~ 3 a '

HAMDNNTUA WA AaiuszuYy RO H1AT9A25T Salt Flux &1 ezl Water Flux g9 #0903

{ a 3 q’: a Ha 1 v 4 o
F, l¥f0 g/cm’ - S vuiiu 1891 s F, wag B, ifumsfimesifaremizsiuiimilouiu

3 1o :‘ a lg 1 ar o e -1
Salt Flux Jusgiuanududuvsniny uaz litusgiuuswudwzsiuléonaums

Fg = B(C,-C,;) (3)
Fg = Salt Flux
B = mla. ‘uENn15"lwammmiazmmhumumiu AMIVWUUTY

wag ladozeman B Uanlisuiel 2%10-5cm /S
¢, = snududuvesmisarawlnihy
¢, = anududuvesmsazawluihazen
aunts 3 uaaedniufiu ( TDS Yszanas 30000 ppm ) xiinnsiavesisazans (F, ) 9
ndninses (TDS 5000 ppm M381EAIN ) Ffuszuu RO RlRUMIRY v imuia Sed
1Hussdugann o114 water Flux quunn dwfundensasazmoiiiaduriuannusy
ﬁanzmuﬁnwﬁmfmzamﬁﬁamqua f?mé"u‘lunstﬁm0\111'”1ﬂs'aﬂuiqﬁu"lﬁi‘iuﬂuﬁ’faqu1n

A - ) Y 12 vy J A g F A o
“nlﬂqi]1ﬂ1|fni71%““8@ﬁ15a3a10u00ﬂ31ﬂ\1leﬂENﬂ']iu'lu‘uﬂﬂi]‘Nu']ﬂ HINSIAUATHUINTOY U
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da dA vy

¥
usauood lugalseua 400 uag 50 psi MUY aniulumsnanivanan'ld ssuu RO
v ¥y
ApamsusIAusTanaE 800-1500 LA 300-600 psi dnsui MmN 88 MUY
° U 3 4 o/ a’l’ o
nmsazauvesmsazawluluga vl sal Frux fisgetiuseog anfudsdududesdinig

14 ]
szneindudy (Rejected Water ) son91n Tugariieannnududuvesarsazae

2.3.1.3 Rejection Factor %30 %Rejection
Rejection (ugaiauiafimuususzdosd muwsuiiades hivewld luananselesou
' [y g & Yy o .. A o e ]
Tnaru1dun 1fufie desdl Rejection Factor 139 %Rejection Q4 mumsu"lquuﬂmzu
y ] . .
%Rejection 111U 100% faummvenhazoiaingaldeinszuy RO HuinTeeasfiouda
Rejection YBAUNMIVTH 1Y 55UY RO ATl %Rejection #1 9ziian C, gafludu anmuminsves

o v 1 Y
Rejection 918uaAs I UM BaumMsane Ui

%Rejection = Rj = 100 (C,-C,)/C,

= 100(1-C,/C,) (4)
1193970 C, = F,/F, (5)
A Rj = 100(1-FJ/CF,) (6)

WUsYU YaNuansnlunISHANNT® Reject esazanumee Tumidu ( feasien 2.2
uaz 2.3 ) Taonald %Rejection voImIsAzAI8DIIUNS Siasdunsdesiinnlsena 90-99%
1Az 95-99% MUSIAL @I %Rejection YBINBAABLAA I (151 UUATITY AMYU 404 ) 170

qa89 100%

2.3.1.4 Recovery Factor %30 %ZRecovery
v { 4 LY . - & [ 1 T
AuenAveuNUsunglUfy Rejection M350 Recovery FMINuiadasIdusENIng

o :‘ :i “a 9Y 1t =Y :’A d' 9 a :
‘L]i'iJ’]ﬂiquxﬂ'lﬂ‘nNﬁﬂvlﬂ Glill]i!ﬂﬁillﬂﬂu'lﬂﬂﬂi‘ﬁﬂﬁﬂu’lﬁ:ﬁﬂ'lﬂ

%Recovery = R = 100Q/Q, (7)
] 14 [
Tash Q, = 8asms lnaveuhazeoaiindnldvinszuy RO
[ 4 []
Q, = oanms Inavenhduidhszuy RO

¥ o [ 4
dnhdiamuamusandmiinihareinld %Recovery seiifgagaiiy 100% s laslnd
R A y a 22 g4 ' S dy
Recovery 10 184 100% tilpenndesiinsnaiududusennnszyuaus vosasinidesniu
1 4 td ]
quldiszuy RO i %Recovery Uszina 50-70% msizdssszinoindutuialusanguioan
i ' [ d °
anududuvesmsazawhazaveglussuy RO sdlsAnmlumsfuiuesnuuuszyy

RO NG UAUAWMTAUNA IR Recovery = 90%



2.3.2 3§ﬁm1mnmzaammmzuu Reverse Osmosis

o << C H
Feed Qf% S %’%p’Permeate(u'lﬁzﬂ']ﬂ)
(hdu) & l ~ B

Q-i’ Cj’ 13 S99
Rejected Water (HHULUU )
Ui 2.5 drydnuelineg Al lumsdnnaszuy rRo

103U 2.5 fmuald

¥
anududuvosasazallui

C =
o s
P = usaaUvenh
b4
Q = 9a31 Inaveai
:‘ a :’ :‘ y 9 °o_a
opj = 1Ay, Mazein uay ududu amudidy
& d

A = WUNVeUNILISY
(Y] Q’l’ < Y
asusziinlah

F, = QJA

F, = 100C,Q,/C,Q, (9)
uag R = 100Q/Q, (10)

¥y i 4

AUMIUAAIANGAVBINIAVBNI TAYTBUTZUY RO eunsoidon 1daeii

Q, = Q+Q (11)

L4

Twhueuderiu aumsuaasaugavennavesatsavavorndon 14

QOCO = QPCP - Qjcj ( 12 )
ATLEDRT F, = B(C,=C,) (3)
uay C, = FgF, (5)

Unua1 FS vinaunis 3 asluaunis s we'ld
C, B(C,~C,)/F,
n3o C, = BC,/(B+F,) (13)

15

' L} ar U s [ 1 A = t {
Tunsdiduing suinswer ¢, uag dindestnuan £, Fanalumuzaunga aums 13

) v ]
owdwlumsidend F, Mildszuu RO aunsandmbazerndifimsarmeduduniiy c,

v q’: d" b4 v J
UATNUICADIZAT B NBU
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A
11949910 R, 1-C,/C,

A
UED) 1-R = C/C,
unum C/C, = 1R, asluaumsi 13 9g 14
B(B+F,) = 1-R
wie F, = [B/(1-R)-B] (14)
1ufe (iofMua Rejection tay Fy, vwianiiulamwanumsi 14 lunaassiudy die
o 1 o @ wa 4 1 < o
Avuad F, uda R szgnsmualiTaosalwli@ deoma F, 180 P Aewnsodnald
[ v
Tagldaumsi 2 awsednnuldnndilsznoy uay anududuveainy
2.3.3 M30AUVVIZUY Reverse Osmosis Aaenoununod1usunsy
& o Y A ' Y ) [ v 2 Yy
iesnnmsAinudviinzAoudieginn ldanny uay e1vligndos Fagiuse’ld
o EY) a 4 o o 7 ) @ 1
wannmseenuuy Taeldiiluszuuneuiunes uaz sondurs Tsunsummzithae dod

mafuanlaeldldsunsudagin 2.6

frovidad Lo B0 syaten ¢
by Bigio’ Systeny COry

Dat#: Augl e, ol
L P S ¢
Plamens per Tude =

T.94
L. 8N
+4,80
6.4%

26 Rup leripa) for

8102 i3 o6

]
PRETRRANT

PRI CONCZENTRATR PERMEATR
mg/l masl

a
6.0
» anticlipated performance 2%

on nowinal
g or for

system

4 @ i o a o
31 2.6 Avdramsiudisaouiunes 1sunsy
td ' t4
nnldsunsuil deyandealdidh luiaai
1. Cations L% Anions ‘I(]ﬂ‘]fﬁﬂ

2. MEam (SiO, ) Y04 Feed Water
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8.

ARNNUNGRINNIN - Flde TR 17

i1 pH U0 QUNYUVDI Feed Water

97U2U RO Element Giﬁ]ﬂﬁﬁ Pressure Vessel
MN39A Array

Recovery Rate

RO Product Flow Rate

MsAunsa (190IN3 ) 1ag A1 pH NABINSNEINNANNIA

. v
Woau TsunsuFovdosuds Tsunsuvzduis was uaasgse 11

1.
2.

w

AUNINYDI RO Product Water ( Permeate )

fYNINYBY Concentrate H3© Brine

Flow Rate ?i"lﬂavhu RO Element i8¢ Pressure Vessel

Pnansandeeld

UanIA1 KSP 489 CaSO,, SiO, 1ag A1 LSI ¥04 Brine éwzﬁﬁ;ﬁwztﬁﬂﬂmm

[ - '
AZATUNID 1

v . ]
My llsunsuernszdeain 2-3 ase weud ludnavidaenndessusuiouiioonuioin

T15unsy 19U Feed Rate g 1) @oiins$ 1121 RO Element §iudy

2.3.4 MIANMUTU

' A qy o 1] i‘_] ~
ﬂ‘liﬂﬂluulﬂﬁulwa‘hﬁ']uuuluJ\u U 2 HyYYy faouuyvYuUIY (Parallel) LUag llU‘Uﬂl{ﬂiu

- 1 o i a : a < J ' °
(Series) Tavmsspuuuvuazih I 18dTineninSqninniu uas NMIABLUVVOYNITNIT

9y : a P 43’ 1 (a o’ a A =4 o [ P
Tqunmihusgnsamntuidiinanisqni 1éfeannsdsdaediegali 2.7

MEMBRANE

FEED mmum) s ©——=> PERMEATE

FEED mmmml

Flow =100 %
TDS =50

Flow =75 %
TDS = 20

sl CONCENTRATE
Flow =25 %
TDS = 500

PERMEATE
———> Flow =56.25%
DS = 10
mmm)) CONCENTRATE
Flow = 43.75%

TDS =520

V) HUvaYNIUN

31 2.7 msdemmusULDMINULAZIIYEYN T

4951/



2.3.5 NAIPIURUMWINEMTUATMNTIN

o’ b ' ‘W F i "o d
aunmwihldlugaamnssuudazszan  szuanaeiuoen lliuegiugailszasnves
' : @ a o ¢ A a :’ 4
mslFau wu mslhiwauiusdadusiie19lumsuiTan oz ldqunmauiiumas

A : o1 9 ad a J g ﬂ : a a = ﬂ 9 :
TIU YD m‘n‘lﬂuQﬁﬁmﬂiiumaﬂwiﬂuﬂ’d ADAVUUIMNUINT LUUAU UIATTIUAUNINUN

Y o 2 @ :-.iy
hfﬁ’lﬂi'ﬂﬂ.ﬂﬁ'lﬂﬂiiulﬂuﬂ\iu

v v .
M3 2.5 AsTIugunIitien1sus 1nn

ABUAUN NI AINTFIY
@ ( Colour) Hazen Unit 20
v (Odour) ! Tisindu (hisaunasiu )
AUYU ( Turbidity ) Silica Scale Unit 5
ANulunsa-Aa (pH) : 6.5-8.5
1/5ua1sNavua ( Total Solid ) mg/l 500
AN TEATANA ( Total Hardness ) mg/l 100
@151y (As) mg/l 0.05
WuiSoY (Ba) mg/l 1
LAaLion (Cd) mg/l . 001
na'lsa (C1) mg/l 250
Tasiiow (Cr) mg/l 0.05
NBULAd (Cu) mg/1 1
m%‘m (Fe) mg/l 0.5
Az (Pb) mg/l 0.1
Lan1id (Mn) mg/l 0.05
1lson (Hg) mg/l 0.002
luasa (NO,) mg/l 4
Wuoa ( Phenol ) mg/l 0.001
Bt (Se ) mg/l 0.01
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M3 2.5 (Av)

35U (Ag) 0.05
e (SO,) 250
@anzd (Zn) 5

Waoolsd (F)

Tﬂaﬂ'ﬂi( 1 ( Coliform )

MPN/100ml

2.2

®. In'la (E.Coli)

MPN/100ml

@329 liwy

[ v td
M3197 2.6 MAsTIUMWhd S ugadImns SuNAMmiaaY

L s
a5/a55¥i lui

AATTIY

AUYY ( Turbidity ) JTU <200
ANUAsEAIeTanLA ( Total Hardness) mg/l <0.20
(AN (Fe) mg/l <1.00
UNIMd (Mn) | mg/l <0.20
Pnavesmsazawluh (TDS) mg/l <850
ﬂ’ﬁ'u ( Odour) - "lu'ﬁnﬁu

: °y ° o ad a Jd
Gni'N‘?l 2.7 MATTIURUNIWUITIHIURATIHATTUBIAANITDUNT

M3 /assvi i MW YUIAVBITTVUDANNIBUNT
64 K-bits | 256 K-bits| 1 M-bits | 4 M-bits

anudumu I MegaOhm-cm. | >15 >17 >17.5 >17.5
#u (Microparticles ) um/cm. <150 <50 <20 <20
HUANISY ( Bacteria ) count/ml. <1 <0.1 <0.05 <0.01
Total Organics Carbon ( TOC ) ppb <1000 <200 <100 <50
Silica ( SO, ) ppb <30 <10 <5 <5
Oxygen (O, ) ppb <500 <100 <100 <100
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Unn3

aIu1)52noUN 19 Y8352 LU Reverse Osmosis

3.1 Membrane ﬁ‘la’s‘lm:w Reverse Osmosis

3.1.1 5’@(611!8»1 Reverse Osmosis IHNIDIU

g a o

o Yo : a a ::’
1ﬁawuuu°lw1;unnusuuuuag 2 ¥UA AU

3.1.1.1 Cellulose Acetate ( CA ) ttaz Cellulose Triacetate ( CTA )

' A a Y] a a a A
Wumnusuguusnindaoennld Taswaannaglaail 2 ¥iia Ao wwagladeziaan
t4
( Cellulose Acetate, CA ) 4z 15ag lad Insoziman ( Cellulose Triacetate ) @151sznoumant]
Tigunsonunsadn niegumgiigeindi 30 ssruwadoa’ld mszaziRaljnsolslas lad

3 4 é = 1
o ( Hydrolysis ) Mldwmwswd@ouan Flaodnaurdumsussnunlssana 100
b4 b4 [ [l
lunsou uazil 2 ¥u FunlFanueTeq danununlszane 0.2 luaseu uaz vmihindaune
= ' ag YL 1 @ e’ :;‘ = ' ° Y d’
nIennmIazaea1 JlHgurinwwsyesn lwdeuuti sunvuind vty
o =t o ° @ al: 1 9 : al ya dy A : a
sossuuaziignguan lnuadmivldih nad 18 Fuunedlalnlengumslousunn gn
9 °y ] F {] ' 1 ' " = o & P

voulvi lwagavesth lnarmu b/ IdidugesnsssninuanavesIndwe;  msindouives

v ] 14
iriugemusuilumsunsnsrnsvenirhugesiedndiiag luaga

3.1.1.2 Polyamide ( PA)
A a o (4 = ' a Yt '
WusanusuiinaannIndelud ( PA ) wiinnunumude pH uaz gungi 18and
waglaa ( cA ) ednlsiaw  wuwsuwaglaaianunumusdesend ladusoud
(Oxidizing Agent ) laAnTendaed 1wy i suirag laaannsonunassududulidu 1
v
ppm l&iunamug tay munsanunaesudd 1020 ppm Bmelunardug uay §u
.’,’ ' =1 s =3 9! "Ta & P =
ATINT1Y uau sy Inde luanunaeiu1d lifu 0.1 ppm #a15199 3.1 svagulSoudon

v
AMANTAVDAUNVIUTUNINOIFHA
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M3 3.1 maudaemsSouivuguaniAveaminysuria CA tas PA

%Salt Rejection 95-97% 96-98%
N1SNUAD Pressure an Arlpun
MINUABYAUNTI Taid nulaani
MINUADYI pH 2.0-8.0 2.0-12.0
MINUADYUHYI] i ann
MINUAD Oxidizing Agent f Taid
s Cl, (114‘1{1 Feed 0.2-2.0 ppm <0.1 ppm
Temp 1UM5 Operate <85°F(29°C) <100 °F (38°C)

3.1.2 JUuuuveannysu
= & Y o {I & Y ¥
wusuildlumsnseniniuszdenimnlszneudiuTuga oaumdonlums o
Tasmswnisan lugave s suiiernn141unTee Reverse Osmosis 9z dpafilan
L annsonuuseau 1dge
a : E4 ' y
2. wanthazea lawn azaandenis 1
a4
3. Concentration Polarlization A0 NAYU DY
4. namsgagulados uag shanwazeia ldae
0 4
5. dos lufiseusunatumussneanien ¥osEU
9
Tuilagiudl Bmsadrelugaoea Indadounduuuudie 4 uuy Ao

3.1.2.1 Plate and Frame Module

me
’ suppert
\‘.x‘". 4
/ o \‘
M( ‘6“’”9 ] membrane

52 o ;
product \,_J 3 r 7
5 | A
[Ber N

3 F= °) pport
\F- F‘ <
s ?

|

gﬂﬁ 3.1 RO-Plate and Frame Module
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z:y @ 1 A P ~ o W o 9
Tu@autﬂums%mmummmmmummwgvm ( zﬂ‘l’l 3.1) Iﬂﬂuﬁﬂyﬂwﬂﬁ‘ﬂ’lﬂ‘l‘lﬂaw

. [l ] ' o & T o Aa
Filter Press UHUINMIUTHINOYUULNUTOITUAIFNTY ( Porous Plate ) NIDLNUT0ITUNTIT09

v @

v v
i lnaeenld wawsuuaz wiusessuwznedounazaduiu hgaeiuliduriumm

v
[ (9

E4
JULeY N0 taz Tvasennnluga lugauvuiideudoduaiands uay quasnuma

1 a < a wa 1
i danniouldlumsnaseudng lueanaasslianssien

3.1.2.2 Tubular Module

eel supnot tbe

ei 8

PETREAT S AA0HON

g‘lﬁl 3.2 RO-Tubular Module

e 9 ' ¥ A 3 da ' s
Tugaiifunisfhusuuusuliiduvasanioviovinadn nidurmguinaalszaina
v £ 4 ' v
12 wu. ( gU# 3.2) dhauniianuaugeszgngurudsliluve Tubular Miwwusuyegae
v v
Tu ussduventivih v luanaveshaunsofuiuusumansy uaz viesessy sen’ligin
9 a dy a :‘ Yy Y 3 1 dy F/ @ 3 = ) g Y
auuen matatnamihlddes hanwazerauazaindelsaldie duiusunnzdmivly
v 5 4
AuNIzUIUMINNgATIMNIIuNdesmsueniieannnasazateanny  lasanatonldlu

AT IUNANDINIG
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3.1.2.3 Spiral Wound Module

31 3.3 RO-Spiral Wound Module

4 v
Tugauvviliiupisshe s unieiudou fusuudunaradnsus i
v
( Product Collection ) W ouRIBUALTIAY ( Feed Channel Spacer ) LQZUNUIDITUNNILTY
v

( Membrane Supporting Backing ) uazduAaiunes RO ( Product Tube ) tazilsznovan

v Y Y, ' ' i
#20v10111A ( Feed Inlet ) 11z Met173 ( Brine Outlet ) 1ifu Tuganiion1dFumniiqa iifes

4 [ Vv v
vniituilumsnseann ihauniinswugagniedu v lva ( Tuwuauvesluga ) €'l
' :’ a n’:‘ ¥ o 9': 2 ' @ A 2
auuruhay niuusdaih iiihdumegiumsy ( mumuaseiivesluga ) asllds
) o é o { 1 0” a al L J o Oy :’
wiuseeiy ssimthiidaihnigns ldwiesih mslvavesiuily “True Crossflow” RO
9y
S = ] L4

Spiral-Wound Tugauvvilenaiivinadurigudnais 5, 10, 20 30 30 %, wag IAWEN

1 o K" "ra Ay d' a n’;‘ £y =1
e Auusialn Ty 1 wes Tugaunuiicansaizdada 131y Pressure Vessel 18unda 7

Tugadauniu

3.1.2.4 Hollow Fiber Module

gﬂ‘ﬁ 3.4 RO-Hollow Fiber Module
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d”d @ b 4 ) Y ) t o LY °
Tugailidnuazihudunamouduny uasdigognolu nendag luasusnann

dolud ( Polyamide ) 130 1wagTaalasosiwian ( Cellulose Triacetate ) fvwadurgud

nanmeuenszia 90-95 Tuaseu uaz Wurhguénarsmeluviig 40 lunsou Saas

lugalit 3.4 @ louun Hollow Fiber szgnfusmnguididodu Jadnitaitwdas Epoxy uda

v y y ¥ 4 s
Uszneudoviethay vierh RO Product az vievhiia Tagdhwulszneunanuagnaasa 13y

y [
Pressure Vessel 39 Shell Hufilumsnsesdelugn 1nnnimuy Spiral-Wound ua 118l

“ s a9 o w P a e’;’ 9 1 &
True Crossflow” MvoinaasefiszAnnalugaldedrnnn 2 Tuga Tu Pressure Vessel tifes

¥ ¥ y 1 4 ]
nnsmsiarieduduaziotiesn LiBesmedemsandmasy Tuga dhuuuui 1d3ums

14 .
HON38I9INUVY Spiral-Wound o 15 lumsnseaimemuartszmalunsSussnnaie

1]

I

Plate and Frame

- 1han

1997 3.2 msnuaammsilssuiisudonuazdoidoued RO Module HUUA1

13 Foul sy laen

PR

- wdenunnuattosn3uuy Tubular

- AsvaeUUTUY 1% -manasumiusuinlden
Tubular |- aunsaldfuveunaiiifinamdy - wdsennnand RO wuvdue
¥y
duga iz vwa'lsl
v v 2a ' P - 4 4 S
-oAsUhAURINLLLBNY [ USinaiuivesmuusugindt RO
A
MG
. a ‘ 0 q9 voa W o v
Spiral-Wound (- ¥ Spacer s¢13191nga ¥1lfnea |- msaiudielsn ( Samnitizing ) ¥ 14N
v Y
gonuanlddy
¥ .
- #130AaAe Tugaihunay Series|- Feed Water fifi TDS g4 92 Foul
TdnareTugalu Vessel WUUTUDE190123
4 ]
Hollow Fiber |- a1 ldinnfiqaseyfinasves |- 1dTugaldun 1-2 §21u Pressure Vessel

Tuga
- Recovery Rate I RO ULY

4
U

:’ a ooy L= v
= UANUIRVABIUATEUNINNIT RO

A
BHIGIGE
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3.2 32UU Pretreatment U941 Reverse Osmosis

1 4 . vy
ssuniiiimihiiel smihnewdhszoy Ro Tasiiyassnunelunsi Pretreatment 184
3.2.1 msfdnasaasyn uaz M1sUYINRBY

] ¥ ] [ ]
Ariifilflumsiainifianuazoranefiezdudunies Ro Taoithivl¥ifantsen

¥ ¥y v
AuNiuAe Silt Density Index ( SDI ) M3¥1 SDI tiusi1 1dd2emsioninnnsssruurunssly

~ o 9/ o P ar < P 3 3 = ar
5$U$l’m’mﬂ'lﬂuﬂiﬂﬂl‘]fﬂ'ﬂilﬂuﬂi‘ﬂ uag 'zmmﬂsmmmﬂim"lﬂ“lunmuum;ﬂ?uumuunu

1 : a A 3 ' a o ar e p 1 Qs
Tage SDI venhdufimnzaniu liaasiy 5.0 dmivnszuaumsnidlumsiinlyna

b4 ) v b4 v
amwiiuie 19 149 sDI Adsamsiuildnareds aude 145

NIZUIUMIHTNNTIMYBIMININT NN mInnazneu uazmInses Fufiunssulu
mslumswaainiszah ﬂszmumsiﬂnmzﬁuﬁmi"uﬁyﬂaﬁuﬁﬁmmqju oz
TIUVIUDBUG

AITUIUMTHANNENLYBININ IS U1 lazmsnes MiouniaoEent manses
1A ( Direct Filtration ) ﬂszmumsﬂymmzﬁuf?m?miyﬁ’:ﬁuﬁﬁmmaju ag s

HYIUADEAT

¥
o

13038V Coating Filter 1081% Diatomaceous Earth tmangdwmsutifisaudrele was
¥
K IuMINIBIeDNMIRLIIAT SDI sz 2.0
n1snsaalaaly Microfiltration ( MF ) (lUY Cartridge Filter Taofmualldnsesiivua
. Y e
1.0 Tuaseuw wiedinh mingdmsuimdoudalaazenauds Tuszuy RO 9314 ME
g A 2 2 wi 2a ' o I3

uvvililu Prefilter Bnduniluaue aurnhavesihumsdsulggammnudafa

F 4
N131383098 Ultrafiltration ( UF ) 9208 SDI adldmaessum 1.0 MR UAAAIE

1 L% s 1 :‘ =y ﬁ/
Aoudraumainesldfugaamassunidesmaiuqniun (Ultrapure Water )

3.2.2 mIsmdauuaiSe

- . U o o A
uunfiEen3ea1s3INM ( Biological Matters ) vznioliifailamifufiivesumiusy Seve

] [ 4
iamamzdudues  Aamsdesamufveanuusy  ilesnntagiildimuusuiuiiv

a S A ° a a [y ° a. oo
mnmsaun‘s‘u mvzmiﬁ'ﬂwﬁmmwmsnsm AT MITNATITRZTAYNIAY ')“Eﬂ'liﬂ'ﬁlﬂ

Aada da Yt 1Y o o A
lulﬂﬂﬁﬂﬂuuu(l‘ﬂuagﬂ')ﬂﬂuﬂqu

m3shdisaneiu muAunnesuldiinasiusaszmdeodlszing 0.5 mgn wwimoas
v a a 3 a a
Fanm ldedniisedninm uddnassusaszngadt s ca uds o

MRV UVNILTY
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] [ 1 4
- arsshdaedad UV dudinsiilouiuumivaty ieanneshifia Byproducts 413 113
1 o a 43 ° d ] 1
Ueeiad UV fistusinmsinomad uay DNA veauunitife mssies Inaaiqed
i 4
laazomdsirnnaisuvivasy

P o
- MINIBIRE UF Feannsonsesatauuniiseesnlane 100%

3.2.3 mshdnnaeIu
P s a ) = a o o Ya 4
msiinaesudassin i lunususziiamseendindu i ldfmwsudeuganm
o_o o Yo d”
mstidanasiurilddedl
Yy
- @umsazaiy NaHSO, as I luthnewd Ro nasSurzgneend ladiiuindenas lsa
Y 1w ow ¢ - v WYY 1w & aad ay a M g
- AIRwnERUNNiuA Finasiuvzgagedu Iddamiuiug uasiiiienidadie &

=y o [] 9 ] q’;‘ v (=] P o ° Y P
nuaiisegnihae linua uazandweglusudm Awna@uTa vldilymannnda

3.24 msmaaihiiu uaz T
:f Y o d'i 9 [~ ° “@ 9 9 4 ] =1 o
vfuuas luiuilerdhguanusu nzimeAamnve Iy Iidougua sy
i 4 1 4
Asszdnsiidaeendaonsld sz vuueminiusensini ( Oil-Water Separator ) 130 SEUVAN
AeNOUABY ( Dissolved Air Flotation Unit )

v b4
dmivquauidvenhduneudnszuneea ludadounduiiudane lai

n=; o :Q ' v a Y Y a :l o
131N 3.3 amﬁmmvmumunaumszuuaaﬁiumﬁoaunau‘luqﬁmnﬂssnmammaﬂau

M3/assyiilui AUABINTTAIYA
AMINTEARANYA ( Total Hardness ) mg/l 180

Man (Fe) mg/l 0.10
uuamtie (Mn) mg/l 0.20
YSinaweassazateluni1 (TDS ) mg/l 1000

fnao 154 ( Chloride ) mg/l 350

pHat 28 °C 7.0-8.0
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o/

A 5 A
3.3 1IAIBIFUHINUUIIAUG

Y e
o &t ar r-) o J

wIesguihmiiusedugy  danudgpnndessuy  TasdndAussdunlfiineglugas

U

Yy vy ¥
@ e

. 2 A ' @ wa 0 a A aq
200-1000 psi/inch’ 30 gand ( NelluRUgueiAvenhAy wag sy ) nFeguild
pwutiaiunuunesTes ( Centrifugal ) M350 WU Positive Displacement uafiniowlde

{ o 4 { s °
Vertical multistage centrifugal pump ( 317 3.5 ) WhwaTesquiniiluianasyaviidannse

[ k4 []
afauswuglaa uag iivsvimidu Vertical Type i liusendaiionlu Frame R/O d20

XL 51 P

gﬂﬁ 3.5 Vertical multistage centrifugal pump
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3.4 InesileaRlflunszuaums
insesiiotailflunszuumsilsenoudas  Pressure, Flow, Conductivity uag
Temperature Tﬂuv‘hﬂﬁﬁﬂéamw‘hunﬁwinq falugildt 4.1 sy oS Fuszinmsuas
910A1 Conductivity vouhTasedunmuduriug (0.75)TDS = Conductivity #elumnsnsilodail
Tnuﬂﬁ"l‘x’f'ﬁmi"uuﬂmmﬁagjuﬁ'a Lﬂé’mﬁa%ﬂﬁf]mﬁuﬁﬁﬁqﬁy
1. Pressure Transmitter (P )
- Diaphragm Type
= Operation Range 0-58 Psi For P2 4iag 0-580 Psi For P1, P3
- Output 4-20 mA
= Accuracy +-1% of Range
2. Flow Transmitter (F)
= Turbine Type
= Operation Range 0-100 m’/hr
= Output 4-20 mA
= Accuracy +-1% of Range
3. TDS Transmitter ( TDS )
= Water Conductivity Type
= Operation Range 0-1,333 mg/1 for TDS2 112 0-13,333 mg/l for TDS1,3
= Convert Between TDS and Conductivity
= Output 4-20 mA
= Accuracy +-1% of Range
4. Temperature Transmitter (T )
-RTD PT100 Type
= Operation Range 0-90 °C
= Output 4-20 mA

= Accuracy +-1% of Range
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HanN311191M 1Az AIVYNIZUD Reverse Osmosis

4.1 MIMIUYBITZUY Reverse Osmosis

a v @ { 54 o o o w o
ruveod luFadoundudagilii 4.1 viuiigUnsaitszneuuasiidnannuvesginsel

Ed ' b4 '
MAIAIAIINN 4.1 dIunanms uaz Tuaoumsihnuvesszuuiiudagili 4.2

=

ANTISCALE

Sv-0L

—P Q out

|
|
9 Ou |
I
TK-01 |
|
Loee
O uw
CIP TK-03

TK-01 Pretreatment water Tank

TK-02 RO water storageTank

TK-03 CIP water storage Tank
Sv Automatic Valve
RWP Raw water Pump
HPP High pressure Pump
CIP CIP Pump

CP-01 Chemical feed Pump

Mixer

LS Level Switch
PS Pressure Switch

P Pressure Sensor
TDS TDS Sensor

F Flow Sensor
HL High Level
LL Low Level
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‘ START )

SV-01
OPEN

SSEC

RWP, CP-01
START

5SEC ;

HPP
START

§V-02
CLOSE

SV-02

RMAL
ot OPEN

SYSTEM
SHUTDOWN

TROUBLE
SYSTEM
4 SHUTDOWN
¥
TK-03 \| YES cIp
LL STOP
=
CIp
START

M E4
31 4.2 Yupeumsinuvesssuuven luFadoundy

dmsuduneumsmemaiug gﬂv”i 42 iioszuuE i

- sv-1 sidlaneutlszanss 5 3119 ud2 CP-01 1Az RWP 9851911911 5 3117t uda [ cP-01
WIANAT Antiscale m"lﬂ“lmfuﬁaaﬂfh LSI (Langelier Saturation Index) 1ta RWP foxvﬂu
Fadarhdy Hpp ]

- HPP ﬂzﬁmmﬁ'aﬁﬂzw‘inusqﬁm‘iymaun’fuummu Sv-02 wiilaofiozi@utin Permeate
asluda TK-03 tag sedadiorluduiy

@ a °y a o o 4 : @ <
- ﬂaﬂﬂ']ﬂiSUUﬁquﬂNaﬂu‘ulé") CIP 9ZI5UNNNU Ly MQﬂ‘VIN1uLﬁE)uﬂum TK-03 a1y

a : [ ° oy @ <1
sTUUMALUUUNA 1 lune TK-01 i1 v50 1 lude TK-01 iy
v .
szvungauuuNilani usaaunidinewdt HPP ( Uszana 7 Suifi ) ietlesriu
o o
ANUAEYIevDIlY

o 12 o Q’l’ n’/l [ a 4 1Y 1
FMIUMIMNMNUATINVDI5ZUUIUABINMTUSUE Concentrate 1Hio1/SUAN %Recovery
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4.2 NINIUANICUY Reverse Osmosis

o & U3 @ { &
mManvesszuvIzaIugulay PLC 49l puuuvesgunsalniuguisudeziii 4.3 &4

v '
PLC szihimsmiuguamsianumuiuneuvesszuy (397 4.2 ) Tao PLC vz)szanananmu
Tsunsunilowdq

BUTTON FLOAT PUMP VALVE

T || B

INDICATOR ALAR
- ® @

31 43 uuvvesglnssimuguszuveealuFadoundy
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M3tna Fouling yay DM Cleaning

5.1 aUMAVY8IN1T Fouling

[]
a o

¥y )
namssnhAunliguada liminzay unies RO wradreanudomeldfuszuy'ld
v d A o 9 ¥ £ Y a4 o a dy O
stuTIAIMIEnITh Mo M3 Idaaatesasld anudemeiidatuinidsuninnsen
v
Auvoasu Tasannsaswuneen 1didu 4 uuy &l
1. MNAASATUBUNITY ( Scale Fouling )
[ . .
2. NSANNANVBAUNAN Hag LMl (Iron & Manganese Oxide Fouling )
o 4 o
3. MIYRANYBANMUIUILBININAIIABAABYA ( SDI Fouling )
Y 4 a o "
4. ﬂ‘lit’gﬂﬂﬂtﬁﬂﬂ%‘lﬂi}ﬁﬂﬂ?ﬂ ( Biological Fouling )
5.1.1 MIANANSATULUNNITY ( Scale Fouling )
o o <4 3 ' o
an¥ATMININURIEYY RO Fweuli luanavenhFur sy uay dnluana
1 4
iladeq 1 shldimsazandavesTuana uay Tesousieg egludnnihduvesmnsy
¥y
TavnAszavmsazarliniduezlimsans@in caCo, wagm3e Caso, CaCo, Ay
:’ o < = 9y 1 & [] o 2 &
aunsalumsazahdunn Seansdin lddenhanslszneudug dau caso, Snankdnide
3 [l v
TDS vauhAulia szl 1500 ppm 138 1N mstlsznouduq fievanaianldae $8n
('8i0, ), Strontium Sulfate, BaSO, Ay CaF, Hinvesm1sa1eq M ldinamsgaduveany
& Yy o o q a Y =< a oy
sugadn liSuudlyozi Idumuswilvedeans dnsswumsanainvesituyu assuda
fasmsazawnsaenuiensmonindnan  uaduiundnves CaSO, nI519¥nIagaIn
( Citric Acid ) 38 EDTA a1ifieazan]ivun
¥
msflesiundinildifatu o1 18 Taonsidadumesu ca™ , s0', uaz co, Wudu
14
nioldmuniiwndndlfifedu  uinsmiaunaduumiedamasziiuly1dud lidussi
= W@y 4 : - o ; o
lumalfifiifesnndsdunidoann uas adfveudeitiiuilgmiuen lumalfia
o o a o 4 4 1Y
unfdamsves Tasmsldnsandenlsunisvenaldiiulumiven wazmie co, &
0’: a P @ <2 Yy 9 o <
vumsidunsadsaunsoflesfunsansinues  caco, Hdeamsilestumsanndnues
CaS0, A3 19a15 M wALNSU 13U Sodium Hexametaphosphate 194 HMP TualSunai)szuias 10
ppm
an v o 1 1Y as 2 ag Ya é’ © 1 4
ueNNINITAY Awnauds msflesdundndififatuersnsem @ lasmsaiuguanu

[ d
duduvesmsazawluluga TldlisquAunhanuaunsalumsazmoiwesmsdsznen
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v [] (1
A9 Tmshemiugudas naveniududuildeseenvinszuuiilfinagaiivane e
v g o o ax ' .-f;] aq ¥
aanMUUNILYBITIsaz iy audlegluluga (FBmsiguiiilumsnauny Recovery 14
quiulihiues)
5.1.2 MIANNANVRIUNEN laz s e (Iron & Manganese Oxide Fouling )
1Y o < < d 3 ' -] t <&
awldaanzialy manannsaansdnldsings uas honfunniiadiusdiang win
- -] 1 =1 v Y < d 03
voanandanululuga RO mnnweslummile dwlngindundnosn'lad msanndn
g a 4?’ P o Y 2, 2 °y Y o aaa o a oy
vounanNAYY ipanmaniia (Fe” ) dazanild vulfnsofusendioului nate
o a & 1 a : a - : 1
Wumdnol3n Faaandnldie Taotnd dnhduilesndieuaraisintes wie Lisiae svuy
y 4 v
RO annsonuanthilidTaldlifiy 4 ppm uddnihdulisendoulszuia 5 ppm nieun
n ezdeadimanma i 0.05 ppm
v A a [ t ¥ ar
ouiieTauda manezhiadnilygmidszuy RO mu Srrwnsanruguivegluglveants
o 3 3 = ) 2
anapanm duiudenuddymiludewnndnld Tasmudunsandeionn pH dauiiums
o a Qs o cAda =& g a 3 1 9 9
aponsvenNFMdUYBunan lunseinimsankiinveunaninaiuednouuds aisdredlums
azMUNTATATA ( Citric Acid ) ud2 YTy pH W ldmdu 4 drouen Tudle leason'las
5.1.3 MIgARMILBI0InTIIABAREHS ( SDI Fouling )
e dy 4 v & o P w
mvuAses RO Asvlsaninmsivauasoiiteilosiuntsidn lgadulugveaumwsy
o o g 0 : ) o L4
lasasuvauassannsondalagld Cartridge Filter 5 Micron §viUa1sABARYS 925015
o [ o 4 a 4 o
azaudlndudy s uag fins Tauenguadu ( Coagulation ) findu msaaufIves
asazmeluluga i ldlissduinfeusqeaunsziiv Diffuse Layer vosnoanouagnivliuay
- s A a :g & ey @ o I's "9
o uaz i lauenguduld wandatufle imssaudifuvesnoanssdauiiunguieon uaz
t 4
imgaguumuusy hldlimsgaduunnuswifaty
o dag 9 Y = -} o 9y @ aq yYa 3
msilesiunsanseni ldgadumuusy Sufluedoudumsdwlauonqasuilfifaiu
o & o Y ¥ a s 2 2 ¢, o qYa
1o o ld TasmsoadSinaneansed uag uasesnmussneaased ( vldiAala
o awvaw o w P (3 :, 1 a, @
uongraduldon ) umalfiidintdaneanesdesnnmiioudu3s Tauonqadudaeas
du audaonsanazneu uas M3ases MinRuszAumsasmluluga etlestumsan
J (] 1 o o o o
wANYBIMSAY Tdmswh i Iauengusuvosnsanssd luTugaifialden
s <4 Yy g [ 4 o o I
NITIAUTQYIANNUATANVUNYUYDIRDAABHA fl'li]ﬂizﬂ']ulﬁ’iﬂﬂﬂ'ﬁ'lﬂ“ﬁﬂ'lIWW]umea
(Zeta Potential ) a2 Silt Density Index ( SDI ) Mud Wy noansuaniiadosnmgs seiidm
Tmuidoags uaz imalauengraduldnn lumemsedng aoanosdnitadosniwdt seidm
Tnmudisam waz fialauengaduldie silt Density Index ( SDI ) uass¥iiniduaag

1 d
szauanududuvensanssd innaaind sol Yszana 2-3 ieteoni uaz lineilym
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4 @ :’ a a o’: 1 o
luseamsgaduimiusy 1hiaAuesdl SDI gadaud 10 auds 175 uasiinoansedidudiusy
(AANIYARUYBANNILTY

5.1.4 MIQAAUIHBIINGAUN3E ( Biological Fouling )

1 a o a o :’ ey a
dnldeslydunidannsonSopduTalAuummuwsy ( dnidudunieiay ) Tam
J P a é’ et o dy
A199 Notnadu 1dliaatl
o 3 dy a ad a ad g/ 9

- susugnime elimssamusuduasdunid Fadunidannseldiduems 13

- AAULINILIY

- YRuvidenaT sy wag ngaeen undenfuhazernfindald vliazerny

vaiu
° 4 A a4 1 A < s a a O A '

Tusauluga RO Me 4 gl Ainandeluneuil 3.1 Tviiadeainiufinuniudens
o a ' 4 o
vmevesgaunsd iluedredfe Tugauuudulonass #9149 Twde lumvinuumsy msld
fAnoushgAuniiRensyihedsyiase Suviniy iinsnnaassuiisedunausudiy
Ingj dnldeslidudadumuiuly wie aneSududufull nuusuengniavouge
@ F5smmsuiennsolfldununasiisguniwinasanm anszh Ik Tae
mmhaoyAuridluidudaaeiudeioy vinduseisanasiuandsiinnd e
daiuiluga lunsdifidesdanios RO Wunannug arsdusaiusudemsazats We

s ' 4 @ a oo a s a
uua@18d ( Formaldehyde ) ifgnoutetosfusiunidnlfduTanmoldannzasuis

- v
5.273% uaz YunaUNT Cleaning
5.2.1 35m35 Cleaning
. . o - o aaa v A P
Chemical Cleaning (fhumsianarerawmusu Tasldmanihliisosudanlsnd
v 4 v o or . o o d
anfin waz gaduguiumsihiaunsadisasen1ddreth Permeate dmiumsmiialdoz
e
° s o do 1
5.2.1.1 Acid Cleaning 113 Acid Cleaning ¥1azaioiilasirymitiazaiony
v ¥
° (Y ' o o a o
v:iea 19111 Permeate 910 R/O itiu Taowauidiio pH = 2.5-3.0 Mhsamseiunionan
A Y A 1
Inorganic Mineral Scale manﬁuwanﬂzniumeqwu CaCO3 ( Scale Fouling ) 11ag @15%30 W
( Biological Fouling)
i 4 Y
5.2.1.2 Alkaline Cleaning Y1913 Alkaline Cleaning ¥azaiwiil Iasintinn
i 4 4 k4
avaiiy 92dea191i1 Permeate 110 R/O iy Taowau1Wiia pH = 11.0-11.5 1¥dsaas
dunidnaniielu mnusu wu TusAu Ty ( SDI Fouling ) wae fMdanzneumsn

ATIVAUY (Iron & Maganese Oxide Fouling )
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5.2.2 YUABYMS Cleaning

° o c’: o a g @ a o ﬂ o
amIvrumsumshndzeaszuvesa ludadoundy ( §1989vngU_7.1) Wizl

o 4 a o a
1 5.1 ¥e5u1e 1dnadl

1.

9.

luvaisifidufunios RO ofilla Valve (V- 02 ) i1 Permeate Inadg
Cleaning Tank ( TK-02 ) 1l523nain3aniia

nqmﬂ?m R/O

IATBNEITZAWE I Acid Cleaning Solution 2314 Cleaning Tank ( TK-02)
‘f]ﬂ‘)‘lf{’nf‘l Concentrate to Drain ( SV-03 ) , Permeate to Storage Tank ( SV-05 ), Inlet

Valve (SV-01)

y I3
. WlaMnd i1 Concentrate Recycle ( SV-04 ), Permeate Recycle ( SV-02 ) weliasnillu

19594 IMa109g Cleaning Tank (TK-02) 1§

@a CIP Pump tHogamsinidhamintssydrammmsy u82Maaeg Cleaning Tank
( TK-02 ) Tavl#andszina 15 wif mimiuda cip Pump ommsuFays Y
Uszana 5 wft vnethail 3 seu

lﬁ;ﬂﬂi 13 souldlanda Concentrate to Drain ( SV-03 ), Permeate to Drain ( SV-09 )
uaz 82787 Permeate Recycle ( SV-02 ), Concentrate Recycle (SV-04 ) uag 1lla CIP
Pump 1@ Drain (nfleen9ininiaalivae

Mland" Storage to CIP ( SV-06 ) oAt Permeate aelu CIP Tank ( TK-02 ) Ay
Iidla CIP Pump vf“ia@m% Permeate uwxé’wmsmﬁ‘luwymsu Yiodad 2 seu

] o 0
MisuduihanuazonlnidnasTaonlfouiduaisazats Alkaline Cleaning Solution

4 < 3 a a 4 4 .
10.qavnoiiie Cleaning (a3ouds AouSuAunios RO 1MiTa1d2 Permeate to Drain

vy . ]
(sv-09 ) 17 uaz Fadmiounsziiam Tos A8l aannasg S93a uay da

s oo

' 4 oha '
274 Permeate to Storage Tank ( SV-05 ) iive I1hfinda 1didhgnszuiums



START

SYSTEM

SHUTDOWN
V-03 OPE

MX-01(02)
STOP

S$V-07(08)
CLOSE

S§v-02,04
OPEN

TK-03 HL

CIP START
V-03,09 OPE

CAUSTIC
CLEANING

TK-03

NO

TK-03 LL

SYSTEM
START

SV-02,09
OPEN

S$V-03,09 OPEN
$V-02,04 CLOSE

S$V-02,05 OPEN

$V-03,04 CLOSE

A 4

NORMAL SYSTEM

OPERATION

1 »
71l 5.1 dupenlumsinnuazemszuueea ludadoundy
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NSNS AN N NUD9 Membrane

a o a a ° Y ~ ar <R o 9
msnezannamidseaniamvssnuusy sudludseiinisiufin uas wudeyaves
el d' @ o q‘l’ (] A' -& =1 o 0’: o d‘ ar
dulsiduilviondnmiamun Tasmwigedisaielimsidussuuasase dalsiduiless
v
nanaoUssdnsnmuesszuvesd ludadoundulaun anududuvssasazats luti

=N o = :’ 9/ a o o n’: LY a
15w LUIIAU LAY QUUQUUBIUT TﬂU'Uﬂgﬁﬂgﬂi}ﬂtﬂﬂuul‘ﬂUﬂQﬂ’ﬁNﬂ 6.1

Data & Condition start-up operation unit
Feed pressure ( P1) psi
Permeate pressure ( P2) psi
Concentrate pressure ( P3) psi
Feed TDS (TDS1) ppm
Feed TDS (TDS2) ppm
Feed TDS (TDS3) ppm
Feed flow (F1) m’/hr
Feed flow (F2) m’/hr
Feed flow (F3) m’/hr
Feed temperature (T1) celsius

= -3 A Yo s a a g o
15197 6.1 minmimmegama‘l‘umu'JmmﬂizammwmmszuuaaﬂTumﬂuaunav

v ) ] 1 ] 8
oNsgAinsananudonaonlss@nin s usenieg. - Hiessuusumauns

LY 4'{ o L% Q = 3 o @ a d' ar
win nu Wesruuinu advgliu msannaudSoudisudesamnsadisadudsiiuiless
meuenaolszininmunusueenlld  TasldgasmssmnamissAnsamuuusui

vy
nanene 1il



6.1 Normalize Permeate Flow ( PF)

=Pf9_Aa‘/2_PPs+7fC'sxTCFS %0, ©.1)
Ffy—AR[2-Ppy+7fc, TCE

Os

with  Pf = Feed Pressure
AP/2 = One half divide pressure drop
Pp = Product Pressure
Q = Product Flow
fc = Osmotic pressure of the feed concentrate mixture

TCF

Tetﬁperatme correction factor
EXP[2640x {/298 ~1/(273+T)}}; T 2 25C

Subscript s = standard condition

Subscript o = operation condition

Note this calculation assume 7tfc, = 7tfc,

6.2 Normalize Permeate TDS ( PT)

Lh-2L/2-Pa ety Ches (o

Pfs— s/z—PPs —Aes+mps Cfy

1
' ¢ .
1—Y)/ )

Where Y = Recovery ratio = product flow / feed flow

Cp; =Cp,

Cf,. = Cf x ln(

Cf

TDS feed mg/l

Cp = Product concentration as ion in mg/l
Ttp = Osmotic pressure of the permeate in bar

Note_this calculation assume Ttfcg = Ttfc, , Tpg = Tp,,

38



frsgnamsanamlssans e sy
AN UNeSTULS I IUAT WS

Feed Temp: 15 °C (59°F) Feed TDS:

Feed Pressure: 363 psi (25 Bar) Pressure Drop:

Feed Flow: 150 m’/h (660gpm) Permeate Pressure:

Recovery: 75 % Permeate TDS:
andudteriuszuunndly 3 ifeu

Feed Temp: 10 °C (50°F) Feed TDS:

Feed Pressure: 406 psi(25 Bar) Pressure Drop:

FeedFlow: 127 m’/h (660gpm)
Recovery: 72 % Permeate TDS:
dmsvaamzszuuBuhiuaswsasiesldn

Pf, = 363 psi (25 Bar)

AP
—== 22.5psi (1.5 Bar)

2
Cf, = 1986 mg/l
ln1 (1)75
Cf, =1986 x ————"2. =3671 m
/s *T 075 §
ZTys =363 psi (2.5 Bar)

TFC,= EXP [2640 x {1/298 - 1/(273+15)}] = 0.67

o s o ﬂ’l o ] o v
mﬂsuamazmsmnumaizvumammu‘hl 3inou li'lﬁz‘lﬂ’l'l

Pf, = 406 psi (28 Bar)

AP .
= 29 psi (2 Bar)

2
Cf, = 1942 mg/l
InJ (1)72
Cf. =1942x—1=0.72 _ 3433 1
/o 0.72 ¢

7y

c

, = 394psi (2.72 Bar)

TFC, = EXP [2640 x {1/298 — 1/(273+10)}] = 0.54

Permeate Pressure:

39

1986 mg/l

43.5 psi(3 Bar)
14.5 psi(1Bar)
83 mg/l

1942 mg/l

58 psi(4 Bar)
29 psi(2Bar)
80 mg/l
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inusFusRanualiuaums Normalize Permeate Flow (aumsii 6.1) 9e'ld
25-15-1-25 o 0.67
28—-2-2-27 0.54
= 148 m’/h %38 652 gpm

PF= Q = x127

L=

tﬂ. 1 L A' ° 6’: 1 = =) !
WonlSousuiuasuszuuSushnuasusn srnuNsTvugadsySuialuifisws

4
o e

& ' Ty c” { [ v Sl to
1.65% w30 Usginu 2 m'h debodTinaninlddseglunasina sutuszunlisuiudos

1A UALO1A

unuad L sVianualuaun1s Normalize Permeate TDS ( etunisi 6.2 ) 92l
PT= C _ 28—2—2—2.72+0.06x3671><
Ps 25-1.5-1-25-0.05 3433
91.48 mg/l

. ar Q' -] g 1 u ;
ienfSouiiieuiuaeuszuusuhnmadusn ssnuiszuuiia TDS gy 102% ue
A ' o’ [ L] { ar z 1o o
Uszina 843 mgl Fsdedmummihdeglunasinidld dniussurhisuiudewhni
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6.3 Recovery (%R)

o ] 1 a °y a W o : a a o o o s A
l{iuﬂﬂi'lﬁ?uixﬂ'ﬂﬂﬂiﬂ'lm‘ﬂGQU'Iﬂ 1) 1] llill'lfll‘llﬂ\nnﬂ‘l] ﬂﬂmﬂUl‘ﬂulﬂﬂﬂ‘Buﬂ Wousn

v <
ﬁ\if]'l'lllﬂ’lll150114ﬂ'liNaﬂuTlJifI‘Vlﬁ‘UﬂQi::U‘U

%Recovery = Pe;me;a;Flow x100 (6.4)
eedFlow

f20819M15A MR
- Permeate Flow ( P2 ) =95 gpm
- Feed Flow (P1) = 126.5 gpm

AU %Recovery = 129755 x 100

%R = 75%
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6.4 Salt Passage (%SP)

v v
l‘ld_lu tj"mmmsznanmmu’fm’fwmﬁﬁ Ny mmﬁ’fui’fumﬁwmmsazaw“luszuu fn

a sl A < 9 a ad
mumﬂmﬂaiwuﬂ mauaﬂmﬂ1mmmsn‘ummnmsu'lun1suau°lnmmumumu

%SaltPassage = M x100 (6.5)
AverageTDS
% AverageTDS = ConcentrateT. DS; + PermeateTDS 6.6)
M098N IAIUIN

- Permeate TDS ( TDS2) = 30 mg/l

- Concentrate TDS (TDS3 ) = 3000 mg/Il

Y% AverageTDS = 30007*‘30 = 1515 mg/l

%SaltPassage = 12(1)5 x100

%SP = 1.98%

6.5 Salt Rejection (%SR)

Yy v .
W Sandausznisnnududuvenifie 1 anududunasvesasazaslussuy

a a d @ A of fad Y
ﬂﬂlﬂUUl{]ULﬂﬂilWUQ l‘ﬁ'ﬂuﬂﬂﬁ\'lﬂ31“ﬂ1“15ﬂ1’9\11ﬂ“ﬂ]5u1uﬂ’lﬁl!ﬂﬂﬁ'ﬁauﬂﬁUﬂ'ﬂﬂﬂ'lﬂLn

a

Al

%Salt Re jection = 1 -%SaltPassage (6.6)

ADEINMIAUIN
- %Salt Passage ( %SP ) = 1.98%

%Salt Re jection=1-1.98
%SR = 98.02%
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MIszgnauazWanNszuY Reverse Osmosis

d (%
7.1 miﬂszqﬂmmzwmmszwq' Automation Reverse Osmosis
dmiunanmanauvesssuveea InFadoundusn Tusia Wumsiszgndinen

a g Y d' v = a a A 4?‘ a o
sevveod Iugadoundy  eldszuuidseaninmiiinuiniy TaoNszuuamuIsafILIN

a A

a 4 a ° 1 wa £ o
')l.ﬂi'IZ'H‘H'qu’ﬂﬂlﬂhzﬁﬂﬁﬂ'lﬂ‘llﬂﬂmﬂuﬁul‘W 2NMIA 'J']U’CTZQ'ME]GIIN ue SFINHUAIIN

'
Y a

a °y a ad 9y dea 9 - A a o o
ﬂsmmua:f}mmwumﬁqnﬁ‘nwam"lﬂ 1un1s1Js:quuinn,i‘lum)wmsmumuqﬂﬂsmmuﬁm

~
|

|

|

I

|

-

A .. .

RWP SV-01

V-06
CIP TK-03 5 TK-02

31U 7.1 szvveea TuFadoundudalusia

DRAIN
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= y o ‘d A a
7.1.1 swnzmammzﬁmmmqﬂnsmmwumu

7.1.1.1 Automatic Valve

4
=) g =

o ) d o vad a é’ o’: = Y 9 @
ﬁ‘lﬂiuj']ﬁ')flﬂiuﬂﬂﬂl'wu‘“ui]zl”'N"Uﬂ 77 1y “ﬂu’lﬂ‘lﬂf\ﬂuﬂqu

L

- SV-03 (Drain Concentrate Valve) 14dmiutdeuti Concentrate 1490NINTSU
- SV-04 (Concentrate to CIP Tank Valve ) 1483’ wquﬁuuﬁ 151R191AND Concentrate ’cj 09
CIP
- SV-05 (RO Storage Tank Valve ) 1%&111%&1]585‘51 Permeate ’cjffﬂ RO
- SV-06 ( RO Tank to CIP Tank Valve ) 14 m31i@ni1 Permeate 910 RO Tank l1J§s CIp
Tank
- SV-07 (Acid Valve ) 19dm5uiaunsaaslu CIP Tank aouviinnuazea
- SV-08 ( Caustic Valve ) 1¥dmSudnunsanslu CIP Tank aouyinanuazea
- SV-09 ( Drain Permeate Valve ) 19dm311/d00v1 Permeate fapennNsEUY
7.1.1.2 Mixer
FM3Y Mixer TN TINaMLA 267 tiae S ldanssai
- MX-01 ( Acid Mixer) 1¥dmsuniumsniinse iive Iinsaazaronam,
- MX-02 ( Caustic Mixer ) 1¥dm3uniumsiaiisns o Ifesazaeiasy
7.1.1.3 Analog Card Module 4 Channels ( 12 bits )
dM3Y Analog Card Modle fifuavasinanaia 3 msa uas Sl Sl
- Analog Card Module ( Extension 1) Hﬁ’ Ve q;tywmmmﬂ?mﬁa%ﬂ P1, P2, P3, TDSI1
- Analog Card Module ( Extension 2 ) 15 udayaiainininesiloSa TDS2, TDS3, F1, F2
- Analog Card Module ( Extension 3 ) 195 udayanusimn3esiioia £3, T1
Tasnanmsnauvesssuvzmiloudussuveoa Tudadoundy  sefufissuussaly

= @ e v Y 3 o :‘ a Q{
Fadounduda luddtannsainnuazermmmsy1dios Tasimuannguniminsgns



7.1 MINIVANILVY Automation Reverse Osmosis System
mymauvesszuzinouiuneiilddmiumsthusanszuiums MIAUIN
31?\5131&'11muﬂﬁ'uﬂszﬁ‘n%mwwammnsuw%’euﬁqus%’mﬁui’fﬂymﬁaiwﬁiammsn
aevdeundy Taouaasmalugilvesnsl msimmazaamuwsuIzgnimuaIngaaw
1 Fafighnesgunssimunguiiiugagd 7.2 Tao pLC wihmsaugumshaumudy
ABUYBITZIY Az Sumeulumsianuazein Tay PLC warugumsihaumuTsunsy
fiflowd ) ( swazBoalusunsu PLC 8a32U1 Automation Reverse Osmosis f@'lﬁ'inﬂ

MANUIN . )

RS-232C

PRESS FLOW BUTTON FLOAT PUMP VALVE
T r ¢} B
iﬁﬁ:!
TDS TEL!!P INDICATOR MIXER
=, ©
ALARM

4 o a v @ s
3 72 puuvvesginsaimuguszvuesa Tudafoundusa Tusia




UNN 8
M3RRNUUUNAZ]F 91U Software Computer

8.1 MIdaNUUY Software
Tumseonuuy Software iutiailu 3 daulnagj fe

'
1 =

- mum‘hmiﬁmiaﬁ‘ams uaz IamMsdoyany PLC
- dawdivimsaasedufly
- dawdivimsfan tuiindeya uaz uaawwaluzvesnsm
8.1.1 Software MhmsAnnedems uaz Iamsveyany PLC
dmiumsAndedonsdoyasznite PLC Mi Computer wiflumsdoasdoyari
wosaoynsy RS-232C 1aold Hostink Tvua Fuflunilalmnasgumsdemisves PLC
OMRON ms@ansadomsdeyasziiudnuaznisomaouiusendng PLC fu Computer ( g1
7 8.1) 0 Computer sz1iluthunmnoulasnsdendonfrds ( Command Block ) een'ld 910
u PLC aximsasanaeudadudonasumuoindun (Response Block ) Tagnui52ve4

1Y) [ =1 P v a = < [ a
MIsvasuaenvieseuagnlscwa 0.2 Juti gﬂunwamanmi‘lumgﬂﬂ 8.2

COMMAND BLOCK
RESPONSE BLOC

31N 8.1 MmsAndedoa1s5z1 319 PLC A1 Computer

DATA

e UNITNO. COMR (123 CHARECTERS MAX ) e * L e
RESPONSE DATA

e TG COMMAND (123 CHARECTERS MAX ) oS L

, o <
3 8.2 Jluuvvesudensidwuazudonaoumiues ( Hostlink Mode )
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@ < 4 { . a 1A
aNBUUABAVBAATOIAILAN PLC N1F (Hostlink Mode ) Aadedomstszneudis
{ a 1 <
- Startor (@) 1HuanAsgIU (Hostlink ) A1dlumsisududeuson
- Unit No. ludaufidmuanionuniowes PLC Hidosnsiadedoms nidiitindes
= v A @ q v
AIUAN PLC Nesduder snvszi1dazitiu 0o
- Header 1{ud21v09MFMAN (Command/Response Command )yhdeamsnsziitudeya
dulaveuniesniugu PLC
[l 9 (] 1 d' 1 9 a = U 4' Y = 4” -:' '
- Datailudauvesdoya i sriie 1 IRndumnn nie miftezdosdonlufuiig 9
o o 5 P
- Frame Check Sequence ( FCS ) iiludaufinaunuaiuiianainvesdoyadaldninms
AU
. s = ' <
- Terminator ( *) Lflummim ( Hostlink ) w“l‘l’f"lummamnnuaan

' . v
- Carriage Return ( CR) fusasgiu ( Hostlink ) #1149 1ums dedoyaionysnysel

RESPONSE BLOCK

COMMAND BLOCK

§ﬂﬁ 8.3 N309 Command and Response Command Block 523 19ADUNAADS N1 PLC

o @ a a o 1 ~ 4 ' o w 1
Command 1Ty s1dsnaeuiunesdelilii PLC Wsvenidesmsnssinfiudoyadiula
YDAUATOINIVAY PLC
o o = 1A P a ¢ A 2
Response Command (il fidsnousuesii PLC dednllfinoufiaumesiteeniady
mm%uaﬁﬂanﬁamaé’nszﬁﬁmﬂ?mmmu PLC
tifo Computer 185uenaoumioa ( Response Block ) #1ud3 Aeziimsasavaeugi

9 !l -

ﬁmuaw'lmumuunnmm Taomsi¥n FCS v04 vAoAnBLALBY ( Response Block ) N3t

o o
ﬂﬂﬂﬂuﬂ'ﬂnrﬂﬂwﬁ'lﬂ‘l]f)\i‘llﬁ]i&lﬁ‘ﬂlﬂﬂ%'lﬂii]ﬂ')‘uﬂ'lﬂlﬁ]ﬂ innuumwmmsLwn‘uagaﬁﬁ'mms

e

° o 4 { Y '
11119 ( Data ) pONINVABNABLA LB LAY iilesnindoyai Idiuegluziiuuveuavgiu
16 Yadoan/asdoyain 1 1¥egluzihiuve Ty ( Binary ) fo e Iiwdemstihdeya

MW lunszurunmsaelal
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8.1.1.1 M3IMUINU Frame Check Sequence (FCS)

M3191 8.1 AT UAAINITATUIN Frame Check Sequence ( FCS )

@ 0100 0000

0 30 0011 0000 0111 0000 70
0 30 0011 0000 0100 0000 40
R 52 0101 0010 0001 0010 12
R 52 0101 0010 0100 0000 40
0 30 0011 0000 0111 0000 70
0 30 0011 0000 0100 0000 40
0 30 0011 0000 0111 0000 70
0 30 0011 0000 0100 0000 40
0 30 0011 0000 0111 0000 70
0 30 0011 0000 0100 0000 40
1 31 0011 0001 10111 0001 71
6 36 0011 0110 01000111 47

FCS %38 Frame Check Sequence (udauii 19 lunmsnsnaoudefanainvesmssons
Wumsihddnusdeya asc umldoudoyaluu? 8 fin udahumwhnts EXCLUSIVE-OR
XOR) TauiTunn @ wdedadnusigautes DATA wgavheiimsnlasudeya'ly
w13 8 iin wiilusddnusdeya Ascr #dnus Asca fidoh Fes

Faeehamsfnm FCS Aoan1ssmimuii IR $1491 15 Word fauisl Word f 0000 &3 Word
A 0016 wes PLC Geilufondidadeii  “@OORR00000016+FCSH++CR™  SeveldHn

FCS = 47 aamsmuin luas1an 8.1



8.1.2Software NAAARNUKY

d M3 Software NAAABAVAY v Toponinluzivesnszuaums weldieuazazan
3 4 d o ° = = o "o
domsithues  Taudegunselnnuasimsnldoudnnduaadudidon uaz  mitlden

4 A o .s' ¢ 2 o < v '
In30eUDINNZUTAINQUNT Bl Instrument Farzimsn/dounlasmudeyadiga

EQUIPMENT SYMBOL DEFINITION
@ Raw Water Pump
High Pressure Pump
Mixer
[1‘ Clemical Feed Pump

Automatic Valve

F A=
™~ Check Valve
E > Manual Ball Valve

U7 8.4 dydnwainlFlunszurumseea luGadoundy
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EQUIPMENT

SYMBOL

DEFINITION

Temperature Transmitter

Pressure Transmitter

Flow Transmitter

TDS Transmitter
{ N Membrane
LSt
Level Switch
T= and Storage Tank

O L

717 8.4 (d0)
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mstihdoyadt I8nniaded 8.1.1 1ldifu iReshmssmuadeyauazginseiliaen
adeariy Taofnuam Address vosgunsailinseiy PLC Taoldshiinauauiia Tool Tip Text
f?m%"ugﬂﬁ“l%'éaf:ﬁmmm Software RS View32 Version 5.0 1a8%1115 Capture mwunuily
bmp AOUY import 191 11/1411 VB 6.0 Tﬂuﬁaqﬂﬂm‘fﬁh’ﬁﬂuﬁqgﬂﬁ 8.4
uanil1n?huﬁi%’iumiuﬁmNa‘lﬁ'é"la’;"'lﬁ'?nwimwauﬁ'aﬁmﬁv‘im1sﬁﬂ¢iaﬁm§“l%'"aﬁ
duveImsimuaniaeg veadeyada iy
1. Pre Scale Lﬂumsﬁmuﬂmqaqﬂuawﬁ1qm|mthu°lums’;’mnmq1]ﬂmfm?mﬁaﬁ'ﬂ
2. Sampling Period iumsfmuatieszozna lumsifuiufindeyavesnszuoums

8.1.3Software fimsannn Tuiindoya uaz nanwwalugvesnsil

o 9 a a

dM3Y Software NIIMIfwIa swrthdoyaaun ldwininiaded 8.1 uinmssuan

Vv

T wjaiy

- Normalize Permeate Flow (PF) (511511 $a51ms Inavear iafianatuesssuy e
NNTYAAUYDAUNNILT U

- Normalize Permeate TDS (PT) (iun1s5m1 ﬂamﬁ’fm’fu11aqmiazaw'luﬁyﬁﬁtﬁuifwm
STV nﬁmmﬂmsqﬂﬁwmmmuau

- Recovery (%R) ilumssnanuiiomsasidinsznnalSuaesiing s Bnaveat
Av

- Salt Passage (%SP) iuntsmsandaussnisanududuvesing fu adudumas
vosmsazaoluszyy

- Salt Rejection (%SR) Humsmsasidseniuemududuvenimg fu auduty
mavvesmsazanlusz
dovhmssnnundatesimisnon dmai uas Adayadu vwansluzveensm

el hedemsdunagquuaTimesszAngammmsu Taomsld ActiveX Tee chart Pro

. o &

) ) ) o ‘ﬂ o g Y, &
4.0 L‘U’lll'l"]f'JU‘luﬂ’]illﬂaqflnﬂilﬂll"ﬁﬂ']lﬂ‘llln! uﬂi’]‘w ﬂ‘lﬂuuﬂ‘ﬂz‘ﬂ'Iﬂ’]i'l]u'ﬂﬂﬂlﬂ?al.aﬂjla‘ll

Ed '
mariaelu File doya ( Note Pad ) iiod1udomsasrndoudoundu

8.2 YHABUNINI9TUVDY Software
TUADUNITIUVDA Software szl Iddaz1i 8.5 Suisn Software vzimsuana
Fi

Y 1Y 5 o ' 9 a Yo a Y o a o
*H1991 AN ( Main Menu Page ) tiag mmimu‘uay‘a‘w 1‘5 THUANHUINTUUANWITIUINDT

!
b
( Setting Parameter Page ) 91N1U Software 9£M1A1501UYDUAIN PLC WY Hostlink Mode
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b4 v

wiowiia Samsdeyauasdnnamnlszaninmues  wuwsu wieuiaih llSeuidioy
o :’ A o YA o a v 9 °

nuguamihidmua Pimedadulldssuudhgaszummsmanuazen
doyanldnn PLC waz vmsdan srgauanslumtueanszuaums ( Process
Diagram Page ) #az Tumhuua Iiuss@namummmsulugivesns il ( Trend Performance

n’: <4 o v 2 9 dY A ' ' 9

Page ) wimiunzihmsiunndeyaasluliddeyaioazatnuazienenisasnaoudon
[ & {d o Y . a a o
ndy - dedoyaiinuliuiin Biawnsedlag 18 lumhassaeuyss@nsnmunnusudounds

1u§ﬂ‘u’0~1ﬂi‘lﬂ ( Historical Page )

Start

Display
Mainmenu

|

Read Setting
Parameter

ﬂ

Put & Get Data
From PLC

'

Compute
Data & Quality Water

:

Monitor & Display
Result of Data

|

I

Record Data

QualityWater

Clemical
Cleaning

| b 4
311 8.5 FunoUMINIUYEI Software
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8.3 M31¥91U Software
dm$ums19am Software thitsznouuéas wimang 8y s i fie
1. nihvenan ( Main Menu Page )
2. WIN52UIUMS ( Process Diagram Page )
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Total Dissolve Solids mg/1 1000 <250
Electrical Conductivity us/cm 1337 <333.33
Water Flow Rate m’/hr 54 35
Total Hardness ppm as CaCO, 180 <0.2
Total Alkalinity ppm as CaCO, 56 20-50
Chloride mg/1 350 Max 35-100
Total Iron mg/l 0.1 <0.04
Turbidity NTU Very Slightly Turbid <5
pH at 28 oC 8.0 7.0-8.0
Color Very Pale Green <5
Normalize Permeate Flow m’/hr - >30
Normalize Permeate TDS mg/1 - <250
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10:00:00 199.80 21.00 140.00 698.00 25.00 2456.00 50.00 38.60 11.48 32.00 80.70 1.86 98.20 36.57 28.00

11:00:00 200.57 21.45 140.00 998.00 23.25 2456.00 50.00 38.60 10.25 32.00 77.00 1.86 98.20 33.57 23.00 g
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TisunsuveunIesnlunu (PLC)

o a d @ ¥
1. ﬂ'lﬁ'l«lﬂﬂlﬂ!'ﬂllﬁzlﬂ']ﬂ?!ﬂﬂai PLC ﬂ\!ﬁ

000 | 02 | _'I‘O I -V vel Ra Water Tank vel Swic Contact
000 03 | HL_TKO2 [High Level RO Storage Tank Level Switch Contact
000 | 04 | LL_TKO3 |Low Level CIP Tank Level Switch Contact
000 | 05 | HL_TKO3 [High Level CIP Tank Level Switch Contact
000 | 0¢ | Start_Button {Strat System Button Push Button Switch Contact
000 | 07 |Clean_Button [Manual Cleaning Button Push Button Switch Contact
000 | 08 PB1 Bypass Button Push Button Switch Contact

004 Pl Feed Pressure Pressure Transmitter 4-20 mA

005 P2 Permeate Pressure Pressure Transmitter 4-20 mA
006 P3 Concentrate Pressure Pressure Transmitter 4-20 mA
007 TDSI Feed TDS TDS Transmitter 4-20 mA
008 TDS2 Permeate TDS TDS Transmitter 4-20 mA
009 TDS3 Concentrate TDS TDS Transmitter 4-20 mA
010 F1 Feed Water Flow Flow Transmitter 4-20 mA
011 F2 Permeate Water Flow Flow Transmitter 4-20mA
012 F3 Concentrate Water Flow Flow Transmitter 4-20 mA
013 Tl Feed Water Temperature Temperature Transmitter 4-20mA




RWP

Raw Water Pump

002 | 00 Relay 24 VDC
002 01 HPP  [High Pressure Pump Relay 24 VDC
002 02 CIP ICIP Pump Relay 24 VDC
002 03 CP-01 |Antiscale Feed Pump Relay 24 VDC
002 04 MX-01 [Acid Mixer Relay 24 VDC
002 05 MX-02 |Caustic Mixer Relay 24 VDC
002 06 SV-01 |Inlet RO Valve Relay 24 VDC
002 07 SV-02 [Permeate to CIP Tank Valve Relay 24 VDC
002 08 SV-03  |Drain Concentrate Valve Relay 24 VDC
002 09 SV-04  [Concentrate to CIP Tank Valve Relay 24 VDC
002 10 SV-05  [RO Storage Tank Valve Relay 24 VDC
002 11 SV-06 |RO to CIP Tank Valve Relay 24 VDC
002 12 SV-07 |Acid Valve Relay 24 VDC
002 13 SV-08  [Caustic Valve Relay 24 VDC
002 14 SV-09  [Drain Permeate Valve Relay 24 VDC
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‘ ° o a o o wa
3. Iihsunsuveuniesnuny PLC dmsuszuveen lugadoundusa Tula

adder Diagram -~ 1:1 PLC_RO.SWP 24/05/03 18:11:22 Page 1

ain 1 -

>twork 1 - Move_ DI

i Digital Input and move to Variable IR Memory.

253.13
MOV (021)
ON
000
070
100 LD 253.13 ON
101 MoV 000 o070 000 070

'twork 2 - Move_ DI

| Digital Input and move to Variable IR Memory.

253.13
MOV (021)
001
071
02 LD 253.13 ON
03 MOV 001 071 001 071

twork 3 - Move_ AI !

 Analog Input and move to Variable DM Memory.

253.13
MOV (021)
ON

008
TDS2
080
Image_TDS2

04 LD 253.13 ON

0s Mov 008 080 TDS2 Image TDS2

twork 4 - Start System

t System
070.06
| — KEEP (011)
Image_Start PB
070.08 030.00
Image PB1
071.00
mage_Start_Sys
060.05
HR00.00
—
Set_Cleaning
091.00
06 LD 070.06 Image_Start_PB
07 OR 070.08 Image_ PB1
08 OR 071.00 Image Start_Sys
09 OR 060.05 060.05
10 LD HR00.00 Set_Cleaning
L1 OR 091.00 091.00

12 KEEP 030.00 030.00
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Ladder Diagram - 1:5

PLC_RO.SWP 24/05/03 18:11:22 Page 2

fetwork 5 - Open Valve

]

'n RO System Valve.

01( Inlet RO Valve ),

05( Inlet Permeate to Storage Tank Valve )

SV-03( Drain Concentrate Valve)

030.00 070.02 070.03 106.00
T A 7 C
Image LL_TKO1 Image_HL_TKO02
108.00
110.00
TIM
000
#0050
013 LD 030.00 030.00
014 AND NOT 070.02 Image_LL_TKO1
015 AND NOT 070.03 Image HL_TKO02
016 out 106.00 106.00
017 ouT 108.00 108.00
018 ouT 110.00 110.00
019 TIM 000 #0050 000 #0050

etwork 6 - Start RWP, CP

rt RWP ( Raw Water Pump ) and CP-0l1 ( Antiscale Feed Pump )

TIMOOO 100.00
— - -H
103.00
TIM
001
#0050
020 LD TIMOOO TIMO0O
)21 ouT 100.00 100.00
)22 out 103.00 103.00
)23 TIM 001 #0050 001 #0050
-
stwork 7 - Start HPP Jl
't HPP ( High Pressure Pump ).
TIMOC1 101.00
- t —
070.05 107.00
% —~
Image_ HL_TKO3
070.06
TIM
Image_Start PB
002
#0070
124 LD TIMOO01 TIMOO1
25 ouTt TRO TRO
26 out 101.00 101.00
27 AND NOT 070.05 Image_HL_TKO3
28 ouT 107.00 107.00
29 LD TRO TRO
30 AND 070.06 Image_Start_PB
31 TIM 002 ¢#c070 002 #0070

twork 8 - Set_Low_Press

Low Pressure Alarm
HPP run at Pressure less than 10 psi about 7 seconds.

TIMOO0Z

070.08
Image_PB1
32 LD

33 LD
34 KEEP

KEEP(011)

091.00

TIMO02
070.08
091.00

TIM002
Image PB1
091.00
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adder Diagram -~ 1:9 PLC_RO.SWP 24/05/03 18:11:22 Page 3

etwork 9 - Timer Operation g |

er Operation of HPP.
n HPP running more than 30 minutes
tem will auto flushing after system shutdown.

090.01 254.00
~ | —| ot
Image HPS Alarm 1_MIN_PULSE
070.04 003
= §
Image LL_TKO3
#0030
035 LD 090.01 Image HPS_Alarm
036 AND 254.00 1_MIN_PULSE
037 LD 070.04 Image LL TKO03
038 CNT 003 #0030 003 #0030
etwork 10 - Start _CIP I
‘t CIP Pump in order to Flushing System.
030.03 090.01 070.04 102.00
— — /i 1A —
Image_HPS Alarm Image LL_TKO3
)39 LD 030.03 030.03
40 AND NOT 090.01 Image HPS Alarm
41 AND NOT 070.04 Image LL_TKO3
42 ouT 102.00 102.00
twork 11 - Interlock_CIP 1
- CIP have to running after HPP stop.
CNT003 030.03
1 G
030.03 070.04 108.04
= A OH
Image LL_TKO03
43 1D CNT003 CNTO003
44 LD 030.03 030.03
45 AND NOT 070.04 Image LiL_TKO3
46 OR LD
47 our 030.03 030.03
a8 ouT 108.04 108.04
twork 12 - Cleaning_Signal 41
ning Operation will be request from Computer.
070.07 030.00
- 1t KEEP (011)
Image_Clean_PB
050.00 HR00.00
| — Set_Cleaning
Signal Clean
060.05
J |-
i
49 LD 070.07 Image_Clean_PB
50 OR 050.60 Signal_Clean
51 AND 030.00 030.00
52 LD 060.05 060.05
53 KEEP HR00.00 Set_Cleaning
-work 13 - Acid_Stepl ]

. Procedure of Acid Chemical Cleaning.

HR00.00
SNXT (009)
Set_Cleaning
HR00.01
Acid Stepl
4 LD HR00.00 Set_Cleaning
S SNXT HR00.01 Acid_Stepl
work 14 -
EP(008)
00.01
id_Stepl

6 STEP HR00.01 Acid_Stepl
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idder Diagram - 1:15

PLC_RO.SWP 24/05/03 18:11:22 Page 4

twork 15 - Detail Acidl

il

flushing until CIP Tank Low.
Acid and Caustic Chemical.
. Acid Chemical into CIP Tank about 10 minutes.

253.13 070.04 102.01
sl 14 O+
ON Image LL TKO3
104.00
105.00
108.05
070.04 112.00
{ ——
Image LL_TKO3
070.04 254.00
i} { CNT
Image LL TKO3 1_MIN_PULSE
254.07 004
—t
STEP
#0010
CNT004
— } SNXT (009)
HR00.02
Acid_Step2
57 LD 253.13 ON
58 ouT TRO TRO
59  AND NOT 070.04 Image LL_TK03
60 out 102.01 102.01
61 LD TRO TRO
62 ouT 104.00 104.00
63 out 105.00 105.00
64 our 108.05 108.05
65  AND 070.04 Image_LL TKO3
66 ouT 112.00 112.00
67 LD TRO TRO
68 AND 070.04 Image LL TKO3
€65  AND 254.00 ~ 1_MIN_PULSE
70 1D TRO TRO
71 AND 254.07 STEP
72 CNT 004 #0010 004 #0010
73 LD TRO TRO
74 AND CNT004 CNTO004
75 SNXT HR00.02 Acid_Step2

twork 16 - Acid_Step2

nd Procedure of Acid Chemical Cleaning.

TEP (008)

R00.02
cid_Step2

16 STEP

HR00.02

Acid_Step2



77

Ladder Diagram ~ 1:17

PLC_RO.SWP 24/05/03 18:11:22 Page S

Network 17 - Detail Acid2

]

>se Acid Valve and Stop Acid Mixer.
2n Return Valve and Start CIP Pump.

? ( Run 15 minutes and Stop 5 minutes about 3 times ).

253.13 105.01
il
i
ON
107.01
109.00
CNT00S 103.02
7z —H
CNT
254.07 007
!
r
STEP
#0003
254.00
1 ot
1_MIN_PULSE
254.07 005
=l
STEP
CNT006 #0015
254.00 CNTO005S
f 7 CNT
1_MIN_PULSE
254.07 006
1=
STEP
CNT006 #0005
CNTO007
|} SNXT (009)
HR00.03
Acid_Step3
077 LD 253.13 ON
078 ouT TRO TRO
079 ouT 105.01 105.01
080 our 107.01 107.01
081 our 109.00 109.00
082 AND NOT CNT00S CNTO00S5
083 ouT 102.02 102.02
084 1D TRO TRO
085 AND 254.07 STEP
086 CNT 007 #0003 007 #0003
087 LD TRO TRO
)86 AND 254.00 1_MIN_PULSE
089 Lo TRO TRO
)90 AND 254.07 STEP
)91 LD TRO TRO
192 AND CNTOC6 CNT006
)93 OR LD
)94 CNT 005 #0015 005 0015
)35 LD TRO TRO
)96 AND 254.00 1_MIN_PULSE
)97 AND CNTCOS CNT005
)98 LD TRO TRO
)99 AND 254.07 STEP
.00 LD TRO TRO
101 AND CNTO006 CNT006
02 OR LD
.03 CNT 006 #0005 006 #0005
04 LD TRO TRO
05 AND CNT007 CNT0Q07
06 SNXT HR00.03 Acid_Step3

twork 18 - Acid_Step3

d Procedure of Acid Chemical Cleaning.

TEP(008)

R00.03
cid_Step3

—

07 STEP HR00.03

Acid_Step3
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adder Diagram - 1:19

PLC_RO.SWP 24/05/03 18:11:22 Page 6

etwork 19 - Detail Acid3

]

in Acid Chemical and Fill Permeate water to CIP Tank.
shing remain Acid Chemical within System by CIP.
l Permeate about 2 times.

253.13 111.00 10;.03
— | W OH
105.02
108.01
114.00
070.04 070.05 111.00
— i (
Image LL TKO3 Image_HL_TKO3
111.00
it ot
254.07 008
i |
STEP
#0003
CNT008
{+ SNXT (009)
HR00.04
Caustic_Stepl
08 LD 253.13 CON
0% ouT TRO TRO
10 AND NOT 111.00 111.00
11 out 102.03 102.03
12 LD TRO TRO
13 out 105.02 105.02
14 our 108.01 108.01
as out 114.00 114.00
16 AND 070.04 Image_ LL_TKO3
17 LD TRO TRO
18 AND 111.00 111.00
19 OR LD
20 AND NOT 070.05 Image KL _TKG3
21 ouT 111.00 111.00
22 1D TRO TRO
23 AND 254.07 STEP
24 CNT 008 #0003 008 #00C3
25 1D TRO TRO
26 AND CNT008 CNT008
27 SNXT HR00.04 Caustic_Stepl

twork 20 - Caustic_Stepl

t Procecdure of Caustic Chemical Cleaning.

TEP(008)

R00.04
austic_Stepl

28 STEP

HR00.04

Caustic_Stepl

twork 21 - Detail Causticl

Caustic Chemical into CIP Tank about 10 minutes.

253.13 105.03
ks OH
ON
113.00
254.00
1 — CNT
1_MIN_PULSE
254.07 009
-}
STEP
#0010
CNTO009
— SNXT (009)
HR00.05
Caustic_Step2
9 LD 253.13 ON
30 ouT TRO TRO
31 out 105.03 105.03
12 ouTt 113.00 113.00
13 AND 254.00 1_MIN_PULSE
4 LD TRO TRO
5 ARD 254.07 STEP
6 CNT 009 #0010 009 #001G
7 LD TRO TRO
8 AND CNT009 CNT009
9 SNXT HR00.05 Caustic_Step2
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adder Diagram - 1:22 PLC_RO.SWP 24/05/03 18:11:22 Page 7

stwork 22 - Caustic_Step2 I

ond Procedure of Caustic Chemical Cleaning.

STEP (008)

iR00.05

Caustic_Step2

140 STEP HR00.05 Caustic_Step2

*twork 23 - Detail Caustic2 ]

)e Caustic Valve and Stop Caustic Mixer.
' Return Vaive and Start CIP Pump.
( Run 15 minutes and Stop 5 minutes about 3 times ).

253.13 107.02
— | (
ON
109.01
CNTO010 102.05
% (
CNT
254 i07 012
r
STEP
#0003
254.00
1 oNT
1_MIN PULSE
254.07 010
| —
STEP
CNTO11 #0015
1}
254.00 CNTO010
1} i} onT
1_MIN_PULSE
254.07 011
t
|
STEP
CNTO11 #0005
—_
CNTO012
SNXT (009)
HR0O0.0€
Caustic_Step3
41 Lc 253.13 ON
42 ouT TRO TRO
43 ouT 107.02 107.02
44 ouT 109.01 109.01
45 AND NOT CNT010 CNTO010
46 ouT 102.0s 102.05
47 iD TRO TRO
48 AND 254.07 STEP
49 CNT 012 #0003 012 #0003
50 LD TRO TRO
51 AND 254.00 1_MIN_PULSE
52 LD TRO TRO
53 AND 254.07 STEP
54 LD TRO TRO
55 AND CNTO11 CNTO11
56 OR LD
57 CNT 010 40015 010 #0015
58 LD TRO TRO
59 AND 254.00 1_MIN_PULSE
60 AND CNT010 CNTO010
61 LD TRO TRO
62 AND 254.07 STEP
53 LD TRO TRO
54 AND CNTO11 CNTO011
65 OR LD
56 CNT 011 #0005 011 #0005
57 LD TRO TRO
58 AND CNTO012 CNTO012
59 SNXT HR00.06 Caustic_Step3
cwork 24 - Caustic_Step3 J

| Procedure of Caustic Chemical Cleaning.

'EP(008)

00.06
iustic_Step3

0 STEP HR00.06 Caustic_Step3
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adder Diagram - 1:25

PLC_RO.SWP 24/05/03 18:11:22 Page 8

etwork 25 - Detail Caustic3

.

in Caustic Chemical and Fill Permeate water to CIP Tank.
shing remain Caustic Chemical within System by CIP.
1 Permeate about 2 times.

253.13 111.01 102.06
|~ % OH
ON
108.02
114.01
070.04 070.05 111.01
1t 14 OH
Image LL_TKO3 Image HL_TKO03
111.0
it CNT
254 :07 013
]
10
STEP
#0003
CNTO13
{ - SNXT (009)
HR00.07
Return_Normal
171 LD 253.13 ON
172 ouT TRO TRO
173 -AND NOT 111.01 111.01
174 ouT 102.06 102.06
175 LD TRO TRO
176 ouT 108.02 108.02
177 our 114.01 114.01
178 AND 070.04 Image LL TKO3
179 LD TRO TRO
180 AND 111.01 111.01
181 OR LD
182 AND NOT 070.05 Image_ HL TKO3
183 ouT 111.01 111.01
184 D0 TRO TRO
185 AND 254.07 STEP
186 CNT 013 #0003 013 #0003
187 LD TRO TRO
188 AND CNTO13 CNTO013
189 SNXT HR0G.07 Return_Normal

>twork 26 - Start_Sys_again

't System agiain after finish Chemical Cleaning Procedure.

STEP (008)

HR00.07
Return_Normal

.90 STEP

HR00.07

Return_Normal



.adder Diagram - 1:27

/05/03 18:11:22 Page 9

letwork 27 - I
253.13 114.02
i1
B | :
ON
106.01
108.03
TIM
014
#0050
TIMO14 100.01
103.01
TIM
01s
#0050
TIMO15 101.01
it
055.02
{ - TIM
016
#1800
TIMO16
" — SNXT(009)
HR00.08
| 91 LD 253,13 ON
192 ouT TRO TRO
193 out 114.02 114.02
194 out 106.01 106.01
|95 ouT 108.03 108.63
.96 TIM 014 #0050 014 #0050
|87 AND TIMO14 TIMO14
| 96 ouT 10C.01 100.01
.99 out i03.01 103.01
00 TIM 015 #005C 015 #0050
01 LD TRO TRO
02 AND TIMO1S TIMO1S
03 ouT 101.01 101.01
04 AND 055.02 055.02
05 TIM 016 #1800 016 #1800
06 LD TRO TRO
07 AND TIMO16 TIMG16
08 SNXT HR00.08 HR00.08
twork 28 - Step_Dummy
 Dummy use for Restart System
TEP (008)
R00.08
09 STEP HR00.08 HR00.08
twork 29 - ]
253.13 060.02
== OH
ON
TIM
019
40050
TIMO019
— — SNXT(009)
246.15
10 L 253.156 ON
11 our 060.02 060.02
12 TIM 019 40050 019 #0050
13 AND TIMO19 TIMO19
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adder Diagram - 1:29

PLC_RO.SWP 24/05/03 18:11:22 Page 10

letwork 30 -

-

STEP(008) |

215

STEP

letwork 31 - Restart_System

et Cleaning Procedure and
tart Reverse Osmosis System

060.02
DIFU(013)
060.01
Return_bit
216 LD 060.02 060.02
217 DIFU 060.01 Return bit
etwork 32 -
060.01 TIM020 060.05
- A Y a
Ll vi
Return bit
060.05
TIM
020
#0050
218 LD 060.01 Return_bit
219 OR 060.05 060.05
220 AND NOT TIM020 TIMO20
221 ouT 060.05 060.0S
222 TIM 020 #0050 020 #0050
etwork 33 - TDS2_Data 1
nge TDS2 Value from Binary ot BCD.
253.13
BCD (024)
ON
DMO000
DM0OO10
223 LD 253.13 ON
224 BCD DM0000 DMO010 DMO0OC DMO0010

etwork 34 - Compare TDS2

bare Permeate TDS( TDSZ ) After Cleanirng

t value within

5 tha
‘ange or not. By Raw Data 1350 equal TCS 250 mg/l.

253.13
{ b CMP (020)
ON
DMOG10
#1365
255.05 055.00
GREATER _THAN h
255.06 055.01
H —

EQUALS

255.07 055.02

— C

LESS_THAN

25 LD 253.13 ON
26 ouT TRO TRO
27 cMp DMO010 #1365 DMO010 #1365
28 AND 255.05 GREATER_THAN
29 our 055.00 055.00
30 LD TRO TRO
31 AND 255.06 EQUALS
32 ouT 055.01 055.01
33 LD TRO TRO
34 AND 255.07 LESS_THAN
35 ouT 055.02 055.02
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Ladder Diagram - 1:35

PLC_RO.SWP 24/05/03 18:11:22 Page 11

Network 35 - RWP_Control

=

Aw Water Pump Control.

100.00 090.00
11l
LR
Image_LPS
100.01
0236 LD 100.00 100.00
0237 OR 100.01 100.01
0238 oUT 090.00 Image_LPS
Network 36 - HPP_Control ]
gh Pressure Pump Control.
101.00 090.01
[ A
Image HPS Alarm
101.01
0239 LD 101.00 101.00
0240 OR 101.01 101.01
0241 ouT 090.01 Image HPS Alarm

Network 37 - CIP_Control

P Pump Control.

102.00 070.04 090.02
- A
U LA
Image_LL_TKO3 Image CIP
102.01 :
102.02
102.03
102.04
102.05
102.06
242 LD 102.00 iC2.00
243 OR 102.c1 102.01
244 OR 102.02 102.02
245 OR 102.03 102.03
246 OR 102.04 102.04
247 OR 102.05 10z.0S
248 OR 102.06 102.06
249 AND NOT 070.04 Image LL TKO3
250 ouT 090.02 Image CIP
etwork 38 - CP-01 Control
iscale Feed Pump Control.
103.00 090.03
| —
—/r —
Image CP-01
103.01
251 LD 103.00 103.00
252 OR 103.01 103.01
253 OUT G90.03 Image_CP-01
*twork 39 - MX-01_Control 1
| Mixer Control.
104.00 090.04
Image MX-01
54 LD 104.00 104.00
5S ouT 090.04 Image MX-01
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adder Diagram - 1:40 PLC_RO.SWP 24/05/03 18:11:22 Page 12

fetwork 40 - MX-02_Control l

stic Mixer Control.

10?.00 090.05
=1t
Image MX-02
105.01
105.02
105.03
256 LD 105.00 105.00
257 OR 105.01 105.01
258 OR 105.02 105.02
259 OR 105.03 105.03
260 our 090.05 Image MX-02
etwork 41 - SV-01_Control |
et RO Valve Control.
106.00 090.06
—
Image_SV-01
106.01
261 LD 106.00 106.00
262 OR 106.01 106.01
263 our 090.06 Image_SV-01
etwork 42 - SV-02_Control
et Permeate to CIP Tank Valve Control.
107.00 090.07
'_._
Image_SV-02
107.01
107.02
264 LD 107.00 107.00
265 OR 107.01 107.01
266 OR 107.02 107.02
267 our 090.07 Image_SV-02
etwork 43 - SV-03_Control ]
in Concentrate Valve Control.
108.00 090.08
i C
Image_Sv-03
108.01
108.02
108.03
108.04
108.05
268 LD 108.00 108.00
269 OR 108.01 108.01
270 OR 108.02 108.02
271 OR 108.03 108.03
272 OR 108.04 108.04
273 OR 108.05 108.05
274 ouT 090.08 Image_Sv-03
*twork 44 - SV-04_Control I
*t Permeate to CIP Tank Valve Control.
109.00 090.09
& e
Image_SV-04
109.01
75 LD 109.00 109.00
76 OR 109.01 109.01

77 out 090.09 Image SV-04
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adder Diagram - 1:45

PLC_RO.SWP 24/05/03 18:11:22 Page 13

etwork 45 - SV-05_Control

a

et Permeate to RO Tank Valve Control.

110.00 090.10
4 C
Image_SV-05
278 LD 110.00 110.00
279 ouT 050.10 Image_SV-05
etwork 46 - SV-06_Control _I
et Water from RO to CIP Tank Valve Control.
111.00 090.11
1
Image_SV-06
111.01
280 LD 111.00 111.00
281 OR 111.01 111.01
282 ouT 090.11 Image_SV-06
etwork 47 - SV-07_Control 1
*t Acid Valve Control.
112.00 090.12
1 C
Image_SV-07
112.01
283 LD 112.00 112.00
284 OR 112.01 112.01
285 ouT 090.12 Image_SV-07
*twork 48 - SV-08_Control ]
't Caustic Valve Control.
113.00 090.13
 M—
Image_SV-08
113.01
26 LD 113.00 113.00
87 OR 113.01 113.01
88 ouT 090.13 Image_SV-08
twork 49 - SV-09 Control
114.00 090.14
|- {
A r
Image_SV-09
114.01
114.02
89 LD 114.00 114.00
90 OR 114.01 114.01
91 OR 114.02 114.02
92 ouTt 090.14

Image_SvV-09

twork 50 - Cleaning_Light

ning Process Indicator

HRO‘OI.OO 071.02
I
Set_Cleaning Im_Clean_Light
93 LD HR00.00
94 out 071.02

Set_Cleaning
Im Clean_Light

twork 51 - Move DO

e Digital Output from Variable IR Memory.

253.13
MOV (021)
ON
090
002
95 LD 253.13
96 MOV 090 002

090 002
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adder Diagram - 1:51

PLC_RO.SWP 24/05/03 18:11:22 Page 14

stwork 52 - Move_DO

te Digital Output from Variable IR Memory.

253.13
MOV (021)
091
003
297 LD 253.13 ON
298 MoV 091 003 091 003
etwork 53 -

END (001) l

299 END




MANUIIN V.

Tlsunss Computer ( Visual Basic ) ¥04m533e/3i
1. Main Menu Page
Option Explicit 'For this Program can additional digital and analog Equipment by
- For digital, copy image1() then define address in tooltiptext property
- For analog, 1.copy image2() then define address in tooltiptext property
' 2.copy text4() then paste it near image
'note : For tag of image we can see in imagelist box.
‘Limited :1. For total digital + Analog word < 28 words

2. Every index of image and textbox must consequencely

Private Sub Commandl_Click()
Graphic.Show

Me.Hide

End Sub

Private Sub Command2_Click()
Trend.Show

Me.Hide

End Sub

Private Sub Command3_Click()
Setting.Show

Me.Hide

End Sub

Private Sub Command4_Click()
End
End Sub
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Private Sub Command5_Click()
Historical.Show

Me.Hide

End Sub

Private Sub Exitmenu_Click()
End
End Sub

Private Sub Form_Load()
Dim Stepl As String
Dim Step2 As String

'0.Set Default of Total Data setting

SaveDataSetting

'1.Search Beginword and Rangeword in Ghaphic
*2.Create Frameformat in order to read data from PLC
Stepl = Search(Beginword, Rangeword)

Step2 = Createformat(Frame, Beginword, Rangeword)

'3.0pen port for send Frameformat to PLC

If MSComm1.PortOpen = False Then
MSComm1.PortOpen = True

End If

Timer2.Enabled = True

"4.Load textbox in order to keep Digital Responsedata by amount of the both are equal

Fori=1 To Dmax - Dmin + 1
Load Text1(i)

Next

88



'5.Load textbox in order to keep Analog Responsedata by amount of the both are equal
Fori=1 To Graphic.Image2.Count
Load Text2(i)

Next

'Keep Start Program Time.
StartProgram = Left(FormatDateTime(Time, 4), 2)
End Sub

Private Sub Imagel_dblClick()
Graphic.Show

Me.Hide

End Sub

Private Sub Image2 DbIClick()
Trend.Show

Me.Hide

End Sub

Private Sub Image3 DblClick()
Setting.Show

Me.Hide

End Sub

Private Sub Image4 DbIClick()
Historical.Show

Me.Hide

End Sub



Private Sub subviewl_Click()
Graphic.Show

Me.Hide

End Sub

Private Sub subview2_Click()
Trend.Show

Me.Hide

End Sub

Private Sub subview3_Click()
Setting.Show

Me.Hide

End Sub

Private Sub subview4 Click()
Historical.Show

Me.Hide

End Sub

Private Sub Timerl_Timer()

Static a

a=a+10

Ifa>510 Thena=0

Labell.BackColor = RGB(0, Abs(a - 256), 200)

Text3(0).Text = FormatDateTime(Date, 1)
Text3(1).Text = Time
End Sub
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Private Sub Timer2_Timer() 'Part send Frameformat to PLC

'6.Clear inbuffer in computer then send Frameformat to PLC
MSCommIl.InBufferCount = 0
MSComm1.Output = Frame

"1.Delay time in order to wait response from PLC
Timer2.Enabled = False

Timer3.Enabled = True

End Sub

Private Sub Timer3_Timer() 'Part Receive Response Frameformat from PLC and processing data

Dim ResponseFrame As String

‘8.Recieve Response Frameformat from PLC

'9.Processing Response Frameformat to Digital Responsedata
ResponseFrame = MSComm1 .Input

DResponsedata = ProcessingDigitaldata(ResponseFrame)

AResponsedata = ProcessingAnalogdata(ResponseFrame)

'10.Define Textbox1(i) keep Digital Responsedata(i) in order to distribute any form
For i= 0 To Dmax - Dmin
Text1(i).Text = DResponsedata(i)

Text1(i).Visible = False

Ifi <> 0 Then Text1(i).Top = Text1(i - 1).Top + 500
Next
'11.Define Textbox2(i) keep Analog Responsedata(i) in order to distribute any form
For i =0 To Graphic.Image2.Count - 1
Text2(i).Text = AResponsedata(i)
Text2(i). Visible = False



If i < 0 Then Text2(i).Top = Text2(i - 1).Top + 500
Next
'CalculateData
'12.Delay time in order to execute any form before read PLC again
Timer3.Enabled = False
Timer2. Enabled = True
End Sub
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2. Graphic Page

Option Explicit

Private Sub Exitmenu_Click()
End

End Sub

Private Sub Form_Load()
Timer].Enabled = True
End Sub

Private Sub subviewl_Click()
Mainmenu.Show

Me.Hide

End Sub

Private Sub subview2_Click()
Trend.Show

Me.Hide

End Sub

Private Sub subview3_Click()
Setting.Show

Me.Hide

End Sub

Private Sub subview4_Click()
Historical.Show

Me.Hide

End Sub
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Private Sub Text4_DbIClick(Index As Integer)
Trend.Show

Me.Hide

End Sub

Private Sub Timer1_Timer() 'Executed from Responsedata to graphic.
Dim Daddress() As String, Aaddress() As String

Dim Dword As String, Dbit As String, Refword As String

Dim Status As String, HMI As String

ReDim Daddress(Imagel.Count), Aaddress(Image2.Count)

'1.Seperate word and bit of Digital Address(imagel).
'2.Search status address from Responsedata in mainmenu.

'3.Change HMI following status address(binary).

For i =0 To Imagel.Count - 1
Daddress(i) = Image1(i). Tool TipText
Dword = Left(Daddress(i), 3) 'word
Dbit = Right(Daddress(i), 2) 'bit
Refword = Mainmenu. Text1(Dword). Text 'Reference Responsedata

If Refword = "" Then Exit For

Status = Mid(Refword, 16 - Dbit, 1)
If Status = 1 Then
HMI = Imagel(i).Tag + " " + "on"
Else
HMI = Imagel(i).Tag
End If

Set Image1(i) = ImageList1.Listimages(HMI).Picture

Next



'4.Change instrument data value following Analog Responsedata in mainmenu
Fori=0 To Image2.Count - 1
Text4(i).Text = Mainmenu. Text2(i). Text

Next

End Sub
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3. Setting Parameter Page
Option Explicit

Dim a As Integer

Private Sub Cancelbutton_Click()
UnsaveDataSetting
End Sub

Private Sub Command1_Click()
RecordData

End Sub

Private Sub Exitmenu_Click()
End
End Sub

Private Sub Form_Load()
Combo3(1).Listindex = 0
End Sub

Private Sub OKbutton_Click()
SaveDataSetting
End Sub

Private Sub subview1_Click()
UnsaveDataSetting
Mainmenu.Show

Me Hide

End Sub
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Private Sub subview2_Click()
UnsaveDataSetting
Graphic.Show

Me.Hide

End Sub

Private Sub subview3_Click()
UnsaveDataSetting
Trend.Show

Me.Hide

End Sub

Private Sub subview4 Click()
UnsaveDataSetting
Historical.Show

Me.Hide

End Sub

97



4. Trend Performance Page
Option Explicit

Dim IntervalTime As Integer
Dim SetInterval As Integer

Dim z As Integer

Private Sub Combol_Click(Index As Integer)
MonitorTrend

End Sub

Private Sub Command1_Click()
MsgBox " DP = P5-P4 " & vbCrLf &
" %R = F3*100/(F2+F3) " & vbCrLf & _
" %SP = (TDS3)*200/(TDS2+TDS1) " & vbCrLf & Y
"%SR=1-%SP" & vbCrLf&
" PF = {[P1 «(P1-P2)/2 - P3]Standard / [P1 - (P1-P2)/2 - P3]Operation } *
{(T1 Standard - 25)/(T1 Operation - 25)} * F2(Operation) " & vbCILf & -
" PT = {[P1 -(P1-P2)/2 - P3]Operation / [P1 - (P1-P2)/2 - P3]Standard } *
{(TDS1 Standard )/(TDS1 Operation )} * TDS2(Operation) "
End Sub

Private Sub Exitmenu_Click()
End
End Sub

Private Sub Form_Load()

Combo1(0).ListIndex = 6 'Set Default at Normalize Permeate Monitor
MonitorTrend

Timerl.Enabled = True

z=0

End Sub
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Private Sub subview1_Click()
Mainmenu.Show

Me.Hide

End Sub

Private Sub subview2_Click()
Graphic.Show

Me.Hide

End Sub

Private Sub subview3_Click()
Setting.Show

Me.Hide

End Sub

Private Sub subview4_Click()
Historical.Show

Me.Hide

End Sub

Private Sub Timerl Timer()

Fori=0 To Text2.Count - 1

Text2(i).Text = Mainmenu. Text2(i). Text

Next

Fori=0 To Text4.Count - 1

Text4(i). Text = Mainmenu. Text4(i). Text

Next

'Setting Interval Time for Plot Trend.
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If Setting.Combo3(1).ListIndex = 0 Then SetInterval = 1
If Setting.Combo3(1).ListIndex = 1 Then SetInterval = 2
If Setting.Combo3(1).ListIndex = 2 Then SetInterval = 6
If Setting. Combo3(1).ListIndex = 3 Then Setlnterval = 24

'Plot Following Setting Sampling Period Time.
hr = Left(FormatDateTime(Time, 4), 2)
IntervalTime = StartProgram + (SetInterval * z)
If hr = IntervalTime Then

PlotTrend

z=z+1

End If

End Sub
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5. Historical Page

Option Explicit

Private Sub Combo1_Click(Index As Integer)
MonitorHistorical

End Sub

Private Sub Exitmenu_Click()
End
End Sub

Private Sub Form_Load()
Combo1(0).ListIndex = 6 'Set Default at Normalize Permeate Monitor

MonitorHistorical

Dim getdata As Data
Dim u As String

u = App.Path & "\" & Format(Date, "mmmm yyyy") & "\" & FormatDateTime(Date, 1) &
"TXT"

Database = u.Count

Open u For Random As #1 Len = Len(getdata)
For j =1 To Database

Get #1, 2, getdata

Text1(j).Text = getdata. Time

Text2(j).Text = getdata.P1

Text3(j).Text = getdata.P2

Text4(j).Text = getdata.P3

Text5(j). Text = getdata. TDS]

Text6(j).Text = getdata. TDS2

Text7(j).Text = getdata. TDS3

Text8(j).Text = getdata.F1

Text9(j).Text = getdata.F2
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Text10(j).Text = getdata.F3
Text11().Text = getdata.T1
Text12(j).Text = getdata.P4
Text13().Text = getdata.P5
Text14(j).Text = getdata.DP
Text15(j).Text = getdata.R.
Text16(j).Text = getdata.SP
Text17().Text = getdata.PR
Text18(j).Text = getdata.PF
Text19(j).Text = getdata.PT
Next

Close

End Sub

Private Sub subview1_Click()
Mainmenu.Show

Me.Hide

End Sub

Private Sub subview2_Click()
Graphic.Show

Me.Hide

End Sub

Private Sub subview3 Click()
Trend.Show

Me.Hide

End Sub
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Private Sub subview4 Click()
Setting.Show

Me.Hide

End Sub
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6. Module

Option Explicit

Global i As Integer, j As Integer, k As Integer

Global Beginword As String, Rangeword As String, Frame As String
Global Dmin As String, Dmax As String, Amin As String, Amax As String
Global DResponsedata() As String, AResponsedata() As String

Global Recdata() As String, DataMin() As String, DataMax() As String
Global hr As String, StartProgram As String

Global Database As Integer

Type Data

T As String * 15

P1 As String * 20
P2 As String * 20

P3 As String * 20
TDS1 As String * 20
TDS2 As String * 20
TDS3 As String * 20
F1 As String * 20
F2 As String * 20

F3 As String * 20

T1 As String * 20
P4 As String * 20

P5 As String * 20
DP As String * 20
RE As String * 20
SP As String * 20
SR As String * 20
PF As String * 20
PT As String * 20
crlf As String * 2



End Type

Public Function Search(Beginword As String, Rangeword As String)

"Function for search beginword and rangeword

Dim Lastword As String

Dim Dword() As String

Dim Aword() As String

ReDim Dword(Graphic.Image1.Count - 1) As String 'Number array of total Digital
ReDim Aword(Graphic.Image2.Count - 1) As String ‘Number array of total Analog

'1.Fine minimum and maximum of digital word
For i =0 To Graphic.Imagel.Count - 1
Dword(i) = Left(Graphic.Image1(i). Tool TipText, 3) 'Concentrate only word
Next
‘Search word min,max of Digital
Dmin = Dword(0)
Dmax = Dword(0)
For i=0 To Graphic.Imagel.Count - 2
If Dmin <= Dword(i + 1) Then Dmin = Dmin Else Dmin = Dword(i + 1)
If Dmax >= Dword(i + 1) Then Dmax = Dmax Else Dmax = Dword(i + 1)

Next

*2.Fine minimum and maximum of Analog word
For i = 0 To Graphic.Image2.Count - 1
Aword(i) = Graphic.Image2(i). Tool TipText
Next
‘Search word min,max of Analog
Amin = Aword(0)
Amax = Aword(0)
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For i =0 To Graphic.Image2.Count - 2
If Amin <= Aword(i + 1) Then Amin = Amin Else Amin = Aword(i + 1)
If Amax >= Aword(i + 1) Then Amax = Amax Else Amax = Aword(i + 1)
Next
'3.Compare digital and analog word in order to search minimun and maximum of totalword
If Dmin <= Amin Then Beginword = Dmin Else Beginword = Amin
If Dmax >= Amax Then Lastword = Dmax Else Lastword = Amax

'4.Calculate range of word

Rangeword = Lastword - Beginword + 1

End Function

Public Function Createformat(Frame As String, Beginword As String, Rangeword As String)
‘Function for create Frameformat in order to send and can read data from PLC

Dim FCS As String, intFrame As String

'1.Adding beginword and rangeword following standard hostlink protocol
Do While Len(Beginword) < 4
Beginword = "0" + Beginword
Loop
Do While Len(Rangeword) < 4
Rangeword = "0" + Rangeword

Loop

'2.Calculate FCS
intFrame = "@OORR" + Beginword + Rangeword
j=0
Fori=1 To Len(intFrame)
j =j Xor Asc(Mid(intFrame, i, 1))

Next
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FCS = Hex(j)
If Len(FCS) = 1 Then FCS = "0" + FCS

'3.Assembly Frameformat

Frame = intFrame + FCS + "*" + Chr$(13)

End Function

Public Function ProcessingDigitaldata(ResponseFrame As String) As String()
"Function for processing Response Frameformat to Digital Responsedata

Dim a As String, b As String, ¢ As String

Dim resword() As String

ReDim resword(Val(Rangeword) + 1)

'1.Seperate Responseword from Response Frameformat
a = Mid(ResponseFrame, 8, 4 * Rangeword)
For i =0 To Val(Rangeword) - 1
resword(i) = Mid(a, (4 *1) + 1, 4)

Next

2.For digital word, convert from Responseword(HEX) to Responsedata (Binary)
For i =Dmin To Dmax
Forj=1To 4
b = Mid(resword(i), j, 1)
If b ="0" Then b = "0000"
Ifb="1" Then b ="0001"
Ifb="2" Thenb = "0010"
Ifb="3"Thenb="0011"
Ifb="4" Then b = "0100"
Ifb="5"Thenb="0101"
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Ifb="6" Thenb="0110"
Ifb="7"Thenb="0111"
Ifb="8" Then b = "1000"
Ifb="9"Thenb="1001"
Ifb="A" Thenb="1010"
Ifb="B" Thenb="1011"
Ifb="C" Thenb="1100"
Ifb="D" Thenb="1101"
Ifb="E" Thenb="1110"
Ifb="F"Thenb="1111"
c=c+b

Next

resword(@i) = ¢

c="m

Next

ProcessingDigitaldata = resword

End Function

Public Function ProcessingAnalogdata(ResponseFrame As String) As String()
"Function for processing Response Frameformat to Analog Responsedata.
Dim a As String, ¢ As String, f As String, g As String

Dim resword() As String, rawword() As String

ReDim resword(Val(Rangeword) + 1), rawword(V: al(Rangeword) + 1)

'1.Seperate Responseword from Response Frameformat(only Analog).
a = Mid(ResponseFrame, 8, 4 * Rangeword)
For i = Amin To Amax
resword(i - Val(Amin)) = Mid(a, (4 * i) + 1, 4)

Next
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2.For Analog word, convert from Responseword(Hex) to Ten.
*4.Calculate from ten to Rawdata(sort of instrument following tag property)
For i = 0 To Graphic.Image2.Count - 1 'amount of analog word

¢ = Graphic.Image2(i). Tool TipText 'check analog address of image

Forj =1 To 4 'convert Hex to Ten
g = Mid(resword(c - Amin), j, 1) 'concentrate analog word used
If g ="" Then Exit For

Ifg="A"Theng=10
Ifg="B" Theng=11
Ifg="C"Theng=12
Ifg="D"Theng=13
Ifg="E" Theng =14
Ifg="F"Theng=15
Ifj=1Theng=16/3*%g¢g
Ifj=2Theng=16"2*g
Ifj=3Theng=16"1*g
Ifj=4Theng=g
= Val(f) + Val(g)

g="
Next
‘Calculate EngineeringData from Rawdata following Preset value in Setting Page.
If f="" Then f="0" 'Protect Error from not interface with PLC.
f=f* (Setting.Combo2(i). Text - Setting.Combo1(i).Text) / 65535
f=Format(f, "###.#0 ")
‘Select Case Graphic.Image2(i).Tag 'Create Format of EngineeringData to monitoring.
' Case "Pressure"
! f = Format(f, "###.#0 Psi")
' Case "TDS"
! f = Format(f, "###.#0 mg/1")

' Case "Flow"
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' = Format(f, "###.#0 m3/h")
' Case "Temp"
! f = Format(f, "###.#0 Celsius")
' Case "pH"
' = Format({, "###.#0 pH")
'End Select
rawword(i) = f
£
Next

ProcessingAnalogdata = rawword

End Function

Public Function CalculateData() As String

'Function for Calculation Data.

Dim P1 As Single, P2 As Single, P3 As Single, P4 As Single, P5 As Single
Dim TDS1 As Single, TDS2 As Single, TDS3 As Single

Dim F1 As Single, F2 As Single, F3 As Single

Dim T1 As Single, DP As Single

Dim RE As Single, SP As Single, SR As Single

Dim PF As Single, PT As Single

Dim P18 As Single, P2S As Single, P3S As Single, P4S As Single, P5S As Single
Dim TDSI1S As Single, TDS2S As Single, TDS3S As Single

Dim F1S As Single, F2S As Single, F3S As Single

Dim T1S As Single

With Trend 'Buffer Start-Up Data to Variable Calculation
P1S = .Text1(0).Text
P2S = Text1(1).Text



P3S = .TextI(2).Text
TDS1S = .Text1(3).Text
TDS2S = .Text1(4).Text
TDS3S = .Text1(5).Text
F1S = .Text1(6).Text
F2S = .Text1(7).Text
F3S = .Text1(8).Text
T1S = .Text1(9).Text
End With

With Mainmenu 'Buffer Operation Data to Variable Calculation
P1 = .Text2(0).Text
P2 = Text2(l).Text
P3 = .Text2(2).Text
TDS1 = .Text2(3).Text
TDS2 = .Text2(4).Text
TDS3 = .Text2(5).Text
F1 = .Text2(6).Text
F2 = .Text2(7).Text
F3 = .Text2(8).Text
T1 = .Text2(9).Text
P4 = Text2(10).Text
P5 = Text2(11).Text

'1.Differential Pressure

'DP = P5-P4

DP = Val(P5) - Val(P4)

.Text4(0).Text = Format(DP, "####.#0")



'2.%Recovery

%R = F3*100/(F2+F3)

RE = Val(F3) * 100 / (Val(F2) * Val(F3))
.Text4(1).Text = Format(RE, "###.#0")

'3.%Salt Passage ; TDS 1ppm = Conduct 0.75 us/cm
'%SP = (TDS3)*200/(TDS2+TDS1)

SP = Val(TDS3) * 200 / (Val(TDS2) * Val(TDS1))
.Text4(2).Text = Format(SP, "###.#0")

'4.%Salt Rejection

'%SR =1 - %SP

SR =1 - Val(SP)

.Text4(3).Text = Format(SR, "####.#0")

'5S.Normalize Permeate Flow

112

'PF = {[P1 -(P1-P2)/2 - P3]Standard / [P1 - (P1-P2)/2 - P3]Operation } * {(T1 Standard - 25)/T1

Operation - 25)} * F2(Operation)

PF = (Trend.Text1(0) - (Trend.Text1(0) - Trend.Text1(1)) /2 - Trend.Text1(2)) / (P1 - (P1 - P2)/

2 - P3) * (Trend.Text1(9) - 25) / (T1 - 25) * F2
.Text4(4).Text = Format(PF, "###.#0")

'6.Normalize Permeate TDS

'PT = {[PT = {[P1 -(P1-P2)/2 - P3]Operation / [P1 - (P1-P2)/2 - P3]Standard } * {(TDSI

Standard )/(TDS1 Operation )} * TDS2(Operation)

PT = (P1 - (P1 - P2) / 2 - P3) / (Trend.Text1(0) - (Trend.Text1(0) - Trend.Text1(1)) / 2 -

Trend.Text1(2)) * (Trend.Text1(3)) / (TDS1) * TDS2
.Text4(5).Text = Format(PT, "###.40")
End With

End Function



Public Function SaveDataSetting() As String
‘Function for Save Data Setting in case of change it.
'ReDim Recdata(Setting.Check1.Count) As String
ReDim DataMin(Setting.Combo1.Count) As String
ReDim DataMax(Setting.Combo2.Count) As String

'1.Keep Record Data selected in Recdata(i)
'For i = 0 To Setting.Check1.Count - 1
'Recdata(i) = Setting.Check1(i). Value
Next

'2.Keep Preset Minimum value selected in DataMin(i)
For i = 0 To Setting.Combo1l.Count - 1
DataMin(i) = Setting. Combo1(i). Text

Next

'3.Keep Preset Maximum value selected in DataMax(i)
For i =0 To Setting.Combo2.Count - 1

DataMax(i) = Setting. Combo2(i). Text

Next

End Function

Public Function UnsaveDataSetting() As String

'Function for Delete value of Total Setting Data in case of Unsave or Change page.

'1.Restore Recdata(i) to Record Data Checkbox
" For i =0 To Setting.Checkl.Count - 1
' Setting.Check1(i). Value = Recdata(i)

"Next
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'2.Restore DataMin(i) to Preset Minimum value
For i =0 To Setting.Combo1l.Count - 1
Setting.Combo1(i).Text = DataMin(i)

Next

'3.Restore DataMax(i) to Preset Maximum value
For i =0 To Setting.Combo2.Count - 1
Setting.Combo2(i).Text = DataMax(i)

Next

End Function

Public Function RecordData() As String

'Function for keep Record data selected.

Dim HistoricalFolder As String

Dim HistoricalFoldernew As String

Dim HistoricalFile As String

Dim HistoricalFilenew As String

Dim Tempfile As Integer, CountRecData As Integer, ReadNumdata
Dim Variable As Data

'1.Seach path of this application and create montly folder.

HistoricalFolder = App.Path & "\" & Format(Date, "mmmm yyyy") 'Define Path of
HistoricalFolder.

HistoricalFoldemnew = Dir(HistoricalFolder, vbDirectory) 'This command use check that have

exist HistoricalFolder yes or not?

If HistoricalFoldernew = "" Then
MkDir HistoricalFolder 'This command use create folder

EndIf
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'2.Seach path of this application and create & record dialy file .

Tempfile = FreeFile ' This Command use searh Freefile for Temporary memory in order to
Record File.

'Append Data in Record file

HistoricalFile = HistoricalFolder & "\" & FormatDateTime(Date, 1) & ".TXT" 'Define Path of
HistoricalFile

HistoricalFilenew = Dir(HistoricalFile, vbDirectory) 'This command use check that have exist

HistoricalFile yes or not?

'Print Header of each day.

If HistoricalFilenew = "" Then

CountRecData = 1

Open HistoricalFile For Random As #Tempfile Len = Len(Variable)

Variable.T = Date
Variable.P1 = "Pressurel"”
Variable.P2 = "Pressure2"
Variable.P3 = "Pressure3"
Variable.TDS1 = "TDS1"
Variable.TDS2 = "TDS2"
Variable.TDS3 = "TDS3"
Variable.F1 = "Flow]"
Variable.F2 = "Flow2"
Variable.F3 = "Flow3"
Variable.T1 = "Temperaturel”
Variable.P4 = "Pressure4”
Variable.P5 = "Pressure5"
Variable.DP = "Diff Pressure"
Variable.RE = "%Recovery"
Variable.SP = "%8Salt Pass"
Variable.SR = "%Salt Reject”

Variable.PF = "Permeate Flow"



Variable.PT = "Permeate TDS"
Variable.crlf = Chr(13) & Chr(10)
Put #Tempfile, CountRecData, Variable
Close
End If

‘Record Data from Application to HistoricalFile

Open HistoricalFile For Random As #Tempfile Len = Len(Variable)

'Fori=0To 4

CountRecData = 2 'Hour(Time) - (11 - 1)
Variable.T = Time
Variable.P1 = Mainmenu.Text2(0).Text
Variable.P2 = Mainmenu. Text2(1).Text
Variable.P3 = Mainmenu. Text2(2). Text
Variable. TDS1 = Mainmenu.Text2(3).Text
Variable. TDS2 = Mainmenu.Text2(4). Text
Variable. TDS3 = Mainmenu.Text2(5).Text
Variable.F1 = Mainmenu.Text2(6). Text
Variable.F2 = Mainmenu.Text2(7).Text
Variable.F3 = Mainmenu. Text2(8).Text
Variable.T1 = Mainmenu. Text2(9).Text
Variable.P4 = Mainmenu.Text2(10). Text
Variable.P5 = Mainmenu.Text2(11).Text
Variable.DP = Mainmenu. Text4(0). Text
Variable.RE = Mainmenu. Text4(1). Text
Variable.SP = Mainmenu. Text4(2). Text
Variable.SR = Mainmenu.Text4(3).Text
Variable.PF = Mainmenu.Text4(4).Text
Variable.PT = Mainmenu. Text4(5). Text
Variable.crlf = Chr(13) & Chr(10)
Put #Tempfile, CountRecData, Variable

116



117

‘Next

Close

End Function

Public Function MonitorTrend() As String

‘Function for audit that what user want monitor trend

With Trend

'1.Reset total Monitor Trend

For i =0 To .TChart1.SeriesCount - 1
.TChartl.Series(i).Active = False

Next

'2.Audit Monitor Trend selected in order to show Sub Monitor
Fori=0 To .Frame2.Count - 1
.Frame2(i).Visible = False

Next i

Select Case .Combo1(0).ListIndex
Case 0
.Frame2(0).Visible = True
.TChart1.Series(0).Active = True
.TChartl.Series(1).Active = True
.TChartl.Series(2).Active = True
.TChartl.Header.Text(0) = "Pressure”
Case 1
.Frame2(1).Visible = True
.T'Chartl.Series(3).Active = True
.TChart1.Series(4).Active = True
.TChartl.Series(5).Active = True
.TChart1.Header.Text(0) = "TDS"



118

Case 2
.Frame2(2).Visible = True
.TChart].Series(6).Active = True
.TChartl.Series(7).Active = True
.TChartl.Series(8).Active = True
.TChartl.Header.Text(0) = "Flow"

Case 3
Frame2(3).Visible = True
.TChartl.Series(9).Active = True
-TChart1.Header.Text(0) = "Temperature"

Case 4
.Frame2(4).Visible = True
-TChart1.Series(10).Active = True
.TChartl.Series(11).Active = True
.TChartl .Series(12).Active = True
~TChart1l.Header.Text(0) = "Filter Pressure"

Case 5
.Frame2(5).Visible = True
.TChartl.Series(13).Active = True
.TChart1.Series(14).Active = True
-TChartl.Series(15).Active = True
.TChart1.Header.Text(0) = "% Calculation"

Case 6
.Frame2(6).Visible = True
.TChart1.Series(16).Active = True
.TChart1.Series(17).Active = True
.TChartl.Header.Text(0) = "Normalize Permeate"

End Select
Fori=0 To .Check1.Count - 1
If .Check1(i).Value = 0 Then .TChartl.Series(i). Active = False

Next



End With

End Function

Public Function MonitorHistorical() As String

"Function for audit that what user want monitor Historical

With Historical

'1.Reset total Monitor Historical

Fori= 0 To .TChartl.SeriesCount - 1
.TChart].Series(i).Active = False

Next

'2.Audit Monitor Historical selected in order to show Sub Monitor
Fori=0 To .Frame2.Count - 1
.Frame2(i).Visible = False

Next i

Select Case .Combo1(0).ListIndex
Case 0
.Frame2(0).Visible = True
.TChart1.Series(0).Active = True
.TChart1.Series(1).Active = True
.TChartl.Series(2).Active = True
.TChart1.Header.Text(0) = "Pressure"
Case 1
.Frame2(1).Visible = True
.TChartl.Series(3).Active = True
.TChartl.Series(4).Active = True
.TChart1.Series(5).Active = True
.TChartl.Header.Text(0) = "TDS"
Case 2
.Frame2(2).Visible = True
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.TChart].Series(6).Active = True
.TChart1.Series(7).Active = True
.T'Chartl .Series(8).Active = True
.TChartl.Header.Text(0) = "Flow"
. Case 3
Frame2(3).Visible = True
.TChartl.Series(9).Active = True
.TChart1.Header.Text(0) = "Temperature"
Case 4
.Frame2(4).Visible = True
.TChartl.Series(10).Active = True
.TChartl.Series(11).Active = True
.TChartl.Series(12).Active = True
.TChartl.Header.Text(0) = "Filter Pressure"
Case 5
.Frame2(5).Visible = True
.TChartl.Series(13).Active = True
.TChart1.Series(14).Active = True
.TChartl.Series(15).Active = True
.TChartl.Header.Text(0) = "% Calculation”
Case 6
-Frame2(6).Visible = True
.TChart1.Series(16).Active = True
.TChartl.Series(17).Active = True
.TChartl.Header.Text(0) = "Normalize Permeate"

End Select

Fori=0 To .Checkl.Count - 1

If .Check1(i).Value = 0 Then .TChart1.Series(i).Active = False

Next

120



121

End With

End Function

Public Function PlotTrend() As String

"Function for Plot Trend Graph.

With Trend

-TChart1.Series(0).Add Mainmenu.Text2(0), hr, cITeeColor
.TChart1.Series(1). Add Mainmenu.Text2(1), hr, cITeeColor
.TChart1.Series(2).Add Mainmenu.Text2(2), hr, cITeeColor
.TChartl.Series(3).Add Mainmenu. Text2(3), hr, cITeeColor
.TChart].Series(4).Add Mainmenu. Text2(4), hr, cITeeColor
.TChart1.Series(5).Add Mainmenu. Text2(5), hr, cITeeColor
-TChart1.Series(6).Add Mainmenu.Text2(6), hr, clTeeColor
.TChart1.Series(7). Add Mainmenu.Text2(7), hr, cITeeColor
.TChart1.Series(8).Add Mainmenu.Text2(8), hr, clTeeColor
.TChart].Series(9). Add Mainmenu.Text2(9), hr, cITeeColor
.TChartl.Series(10). Add Mainmenu.Text2(10), hr, cITeeColor
.TChart].Series(11). Add Mainmenu.Text2(11), hr, cITeeColor
-TChart1.Series(12).Add Mainmenu.Text4(0), hr, cITeeColor
.TChart!.Series(13). Add Mainmenu.Text4(1), hr, clTeeColor
.TChart1.Series(14). Add Mainmenu.Text4(2), hr, clTeeColor
.TChart1.Series(15).Add Mainmenu. Text4(3), hr, clTeeColor
.TChart1.Series(16). Add Mainmenu. Text4(4), hr, c1TeeColor
.TChart1.Series(17).Add Mainmenu.Text4(5), hr, ¢ITeeColor
End With

End Function
Public Function PlotHistorical() As String

"Function for Plot Historical Graph.
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With Historical -

Fori=1 To Database - 1

.TChart].Series(0).Add Historical. Text2(i), Historical. Text1(i), clTeeColor
.TChart1.Series(1).Add Historical. Text3(i), Historical. Text1(i), clTeeColor
.TChart].Series(2).Add Historical. Text4(i), Historical. Text1 (i), clTeeColor
.TChartl.Series(3).Add Historical. Text5(i), Historical. Text1(i), cITeeColor
.TChart.Series(4).Add Historical. Text6(i), Historical. Text1 (@), clTeeColor
.TChart1.Series(5).Add Historical. Text7(i), Historical. Text1(i), cITeeColor
.TChartl1.Series(6).Add Historical. Text8(i), Historical. Text1(i), clTeeColor
.TChart1.Series(7).Add Historical. Text9(i), Historical. Text1(i), cITeeColor
.TChartl.Series(8).Add Historical. Text10(i), Historical. Text1(i), ciTeeColor
.TChart1.Series(9).Add Historical. Text] 1(i), Historical. Text1(i), cITeeColor
.TChart1.Series(10).Add Historical. Text12(i), Historical. Text1(i), clTeeColor
.TChartl.Series(11).Add Historical. Text13(i), Historical. Text1(i), clTeeColor
.TChartl.Series(12).Add Historical. Text14(i), Historical. Text1(i), clTeeColor
.TChart1.Series(13).Add Historical. Text15(i), Historical. Text1(i), cITeeColor
-TChart].Series(14).Add Historical. Text16(i), Historical. Text1(i), clTeeColor
.TChart1.Series(15).Add Historical. Text17(i), Historical. Text1(i), clTeeColor
.TChart1.Series(16).Add Historical. Text18(i), Historical. Text1(i), clTeeColor
.TChart1.Series(17).Add Historical. Text19(i), Historical. Text1(i), cl’i‘eeColor
Next

End With

End Function



123

MARUIN A.

tion

1ca

for Reverse Osmosis Appl

evice

Specification D

1040 0021 2OWL

GRUNDFOS 2\



Technical Data

Dimensional Sketches

Dimensions and Weights

Dimensions [mm) Net
PumpTyre o1 | B2 Is1+82] 01 | 02 D3 w[i'g]m
- - CRN 64-1-1 561 | 372 | 933 (220|134 |158| 106
o ] CRN 64-1 561 | 391 | 952 [220|134|298| 111
[ {CRN 6422 644 | 391 | 1035 | 220|734 (298
I A— CRN 64-2-1 754 | 464 | 1218 |260 | 172|350
i ; CRN 64-2 754 | 464 | 1218 | 260|172 | 350
] [ 8x022 CRN 64-3-2 836 | 478 | 1314 | 306|197 | 350
o H l CRN 64-3-1 836 | 478 | 1314 | 306 | 197 | 350
CRN 64-3 836 | 478 | 1314 | 306 | 197 | 350
] gle g’ CRN 64-4-2 919 | 478 | 1397 |306 | 197 | 350
55 s CRN 64-4-1 919 [ 600 | 1519 | 364 | 269 | 350
|—— CRN 64-4 919 | 600 | 1519 | 364 | 269 | 350
N4xo14 CRN 64-5-2 1001 | 667 | 1668 |[404 | 306 | 400
|1 CRN 64-5-1 1001 | 667 | 1668 | 404 | 306 | 400
G12 X -3 CRN 645 1001 | 667 | 1668 | 404 | 306 | 400
\ :\ PN16/DN100 CRN 64-6-2 1084 | 667 | 1751 | 404 | 306 | 400
= N CRN 64-6-1 1084 | 667 | 1751 | 404 | 306 | 400
& S R CRN 64-6 1084 | 667 | 1751 | 404 | 306 | 400
g CRN 64-7-2 1166 | 667 | 1833 | 404 | 306 | 400
; ] CRN 64-7-1 1166 | 667 | 1833 | 404 | 306 | 400
o 107 0 |Cr I
-
171 AT 1
] 190
251 &
365 w
b
3
2
Electrical Data 3 x380-415 V, 50 Hz
Bump Tvbe Motor Full Load Current Power Factor Motor Efficiency | e
" tkw) [ (np] tyy A] Cos o n[%] T
CRN 64-1-1 4.0 55 8.00 0.90-0.87 87 8.7-95
CRN 64-1 55 75 1.0 0.89-0.86 885 8.9-9.7
{CRN 64-2-2 75 10 15.2. 0.87-0.81 89 9.1-9.9
CRN 64-2-1 11 15 215 0.91-0.87 85 7.3-8.0
CRN 64-2 11 15 215 0.91-0.87 85 ¥y 7.3-8.0
CRN 64-3-2 15 20 28.7 0.87 86.0 6.0
CRN 64-3-1 15 20 28.7 0.87 86.0 6.0
CRN 64-3 18.5 25 7 359-341 0.86 87.0 ) 7.2
CRN 64-4-2 185 25 35.9-34.1 0.86 870 i
CRN 64-4-1 22 30 42.0-40.0 0.86 892 o
CRN 64-4 22 30 42.0-40.0 0.86 89.2 7.3
CRN 64-5-2 30 40 56.0-52.0 0.88 917 i 75 ]
CRN 64-5-1 30 40 56.0-52 0 88 917 L)
CRN 64-5 30 | 40 56.0-52.0 0.88 91.7 7.5
/CRNv 64-6-2 30 40 56.0-52.0 0.88 91.7 75
CRAN 64-6-1 37 50 |« 68.0-63.0 0.89 92.4 7.8
CRN 64-6 37 5 68.0-63.0 0.89 92.4 78
CRN 64-7-2 37 | s0 68.0-63.0 0.89 924 9 78
CRN 64-7-1 [ 37 | s0 68.0-63.0 0.89 92.4 B 78
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Performance Curves
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Single-stage
end-suction pumps

Designed for water supply, boosting, circulation and
liquid transfer in industry, agriculture, horticulture, etc.

Pump flange sizes: 32-200 mm
Maximum system pressure: 16 bar
Liquid temperature: -10°C to +140°C

50 Hz and 60 Hz

TMO1 3411 1199
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Product description

The NB pumps are single-stage centrifugal pumps with
axial suction port and radial discharge port.

Nominal duty points and main dimensions are in
accordance with EN 733 (Ex DIN 24255).

The pump is directly coupled with a totally enclosed
fan-cooled standard motor with main dimensions to IEC
and DIN standards.

The mechanical shaft seal has dimensions according to
DIN 24960.

The back pull-out design enables removal and disman-
tling of the motor and impeller without disturbance of
the pump housing or pipework. Consequently even the
largest pumps can be serviced by a single person.

TMO1.4358 0199

Applications

NB pumps are used for pressure boosting, liquid
transfer, circulation of liquids and water Supply in...

* district heating plants

* heating systems for blocks of flats

* air-conditioning systems

¢ cooling systems

¢ washdown systems

¢ other industrial systems

* other fields of application.

In air climate control systems, especially for residential
applications, it is recommanded to adopt proper instal-
lation measures (e.g. compensation joints on the
discharge side) to prevent transmission of hydraulic

noise to the building. Pumps with 4 pole motor offer low
noise operation, suitable to fit this requirement.

If a certain duty point is required, pumps with reduced
impeller diameter can be delivered on request.

Pumped liquid
Liquid temperature: —10°C to +140°C.

Clean, thin, non-aggressive, non-explosive liquids
without any contents of solids or fibres and which do not
attack the pump mechanically or chemically.

Maximum operating pressure

Up to +140°C: 1.6 MPa (16 bar), (10 bar for DN 200).

According to EN 733 (Ex DIN 24255) the maximum
required operating pressure is 1.0 MPa (10 bar).

NB pumps, however, are marketed as PN 16 because
the pump housing is designed for 1.6 MPa (16 bar).
Inlet pressure

Minimum inlet pressure according to the NPSH curve
plus a safety allowance of at least 0.5 m. The maximum
inlet pressure is limited by the maximum operating
pressure.

Test pressure

Before delivery, the pumps have been tested at 1.5 x
maximum operating pressure: 2.5 MPa (25 bar).

Test demands according to EN 733 are 1.3 x maximum
operating pressure: 2.08 MPa (20.8 bar).

Test Liquid: Cold water.

Installation

If the pump has been installed with the terminal box
pointing downwards, turn the motor to the required
position.

The pump should never be installed with the motor
pointing downwards.

— O3
o BT

TMO00 6325 3395
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Construction

Pump housing

Volute pump housing made of cast iron with axial
suction port and radial discharge port. Flange connec-
tion dimensions are in accordance with EN 1092-2.
The bottom of the pump housing incorporates a drain
plug.

The discharge port has a pressure gauge tapping.

Motor stool

The motor stool combines pump housing and motor and
is provided with a manual air vent screw for the venting
of the pump housing and the seal chamber. As seal
between motor stool and pump housing, an O-ring is
used.

Coupling guards are fitted in the centre part of the
motor stool.

To remove the motor stool from the pump housing it is
necessary to lever between the pump housing and the
motor stool.

The motor flange sizes are as follows:

* Sizes up to MMG 132 IM B5, according to ISO 34-7.
* Size MMG 160 IM B3/B5, according to 1ISO 34-7.

Shaft

Stainless steel shaft of 328 or 38 mm.

The coupling end of the shaft is cylindrical and has two
drilled holes for the shaft pin of the coup'ing.

Impeller

The impeller is made of cast iron (bronze optional) and
is a closed impeller with double-curved blades with
smooth surfaces. This ensures high efficiency:

All pumps are dynamically balanced and impellers are
hydraulically balanced to compensate for axial thrust.

The direction of rotation of the impeller is clockwise
when viewed from the motor fan.

If a certain duty point is required, pumps with reduced
impeller diameter can be delivered on request.

Shaft seal

Unbalanced mechanical shaft seal with dimensions in
accordance with DIN 24960. Seal faces of carbon/
silicon carbide. The code of the standard version is
BAQE.

The seal is not suitable for liquids containing abrasive
particles as the carbon part will be worn down.

For shaft seals variants other than those specified in
"Selection of pumps for various liquids" at page 7,
contact Grundfos.

A brief liquid circulation during the start-up, by manually
opening the air-vent screw in the motor stool, ensures
a perfect lubrication and cooling of the shaft seal.
Coupling

A cylindrical hollow steel coupling secured by two
hexagon socket head screws.

Motor

The motor is a totally enclosed, fan-cooled standard
motor with main dimensions according to IEC and DIN
standards. Grundfos MMG motors are used.

Electrical tolerances are in accordance with VDE 0530.
Mounting:

* Sizes up to MMG 132 IM B5, according to ISO 34-7.
+ Size MMG 160 IM B3/B5, according to ISO 34-7.
Enclosure class: |IP 55.

Insulation class: F according to IEC 85.

Maximum ambient temperature: +40°C.

The motor must be connected to a motor starter in
accordance with local requlations.

Surface treatment

All stationary cast iron parts are dip-painted with water-
based ether-epoxy no-lead painting. The thickness of
the filmis 25 um + 5 um

Finally the product is spray-painted with black water-
based ether-epoxy no-lead painting. The thickness of
the dry coating is 35 um + 5 pm.

Spare parts

Available spare parts kits.

1. Mechanical shaft seal complete
2. Casing gaskets  w

3. Impeller

4. Shaft
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1.2 ProMinent® alpha
Motor Driven Diaphragm Dosing Pumps

Technical Data ;

Max. Pump Capacity Max, Pump Capacity Stroke Connector Suction Intake  Max. Permis- Shipp-
at Maximum Back at Medium Back frequency at  Sizes Lift Head sible Priming  ing
Pressure Pressure Maximurm Quter O x Pressure weight

Rack Pressure  Innec @

pump type b /h bae /h strokes/min mm m WG m WG  bar kg o
50 1z version pwlséale Pump o S ' ) '
1001 10.0 2 c 1.3 30 8x5 6 25 10.0 3
1002 10.0 2.4 5 2¢ 5¢ 8x%5 6 2.5 100 3
1003 10.0 3.5 5 3.8 8a 8x5 6 2.5 10.0 3
0804 7. 4.0 4 4.4 (6] 8 xS 6 3.0 7.5 3
0808 rés 8.0 4 8.5 58 8x5 6 3.0 75 3
12 ) S 120 2 ! o8 8 x5 6 30 55 3
0479 : ‘ 4 &1t 5} 8.0 4.0 3
60 Hz version
1001 10.0 1.4 5 1.6 36 8 x9 6 2.5 0.0 3
1002 0.0 280 5 3.3 8% 8x5 6 2.5 0.0 3
1003 10.0 a2 5 45 105 8x5 ($] 2.5 1C.0 3
7.5 i a : é 8 X\5 6 2.0 75 3
) i SRb) 9 X5 6 Q 79 3
(i . 5 a.x 5 © G 3 3
0414 i K ! Ew § G 3.0 2.5 3

Ligund Lo Suction/Discharge Seals Valve Balls Patented Dearation

Couneclon

ivOrGpyiend EPDM ceramic yes

3

opylars FPM A (Viton™ A) ceramic V=S

olyioropyle

Pes Polvpropviene Polvistapylens RN B Miton® &) Ceramic g yes
NP3 Acrylic PVC EPM B (Vilon” B) - ceramie yes
NP6 Acryhic PVC FEM (Viton® ) cer@mic rno

DEVEL OPAN® dosinig diaphragras with PT FE coating for all versaons

viton s a registered irademark of DuPont Dow Eiastomers

Included in delivery: dosing pump with 2 m mains cable and plug, connector set for hose/tube connection as indicated in tables.

Spiit pole motor with integrated thérmal overlead protection
_ ) /‘_)LZO;LQO_\,/Q%S_O Hz (version A}
< __ Power L"ﬂ‘\/ < _50 W (at 230 V/50 iy~
Power cansumption: 0.4 A (at 230 V/S0 Hzy

Guarantee: The warranties given under “General Commercial Terms and Conditions™
apply. The alpha pump drive is, however, supphed with 2 12 month warranty,
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PNEUMATIC ACTUATORS
AND ACCESSORIES




ATTUATORE A DOPPIO EFFETTO
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DOUBLE ACTING ACTUATOR
APERTO CHIUSO
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m—
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Dal Grafico riportato si pud notare che la coppia di un attua-
tore a doppio effetto si mantiene costante lungo tutta la
manovra. Lulilizzatore potra procedere alla scelta del model-
lo idoneo alle proprie esigenze basandosi sulle seguenti indi-
cazioni:

1. Verificare la coppia di spunto massima della valvola da
automatizzare.

2. Aumentare del 25%-50% (dipende dal tipo di valvola e
dalle condizioni di esercizio) il valore della coppia di spunto
verificata, stabilendo cosi un coefficiente di sicurezza.

3. Ottenuto in questo modo il valore di coppia consigliato, si
ricerca nella tabella dei momenti torcenti (in corrispondenza
della pressione disponibile) un valore di coppia uguale o
simile (comunque non inferiore) a quello ottenuto.

4. Trovato il valore bastera spostarsi in orizzontale verso sini-
stra nella colonna “modello” per avere la misura dell'attuatore

adatto.

With reference to the above diagram it can be noted that the
torque of a double acting actuator remains constant through-
out the complete action.

The user can decide on which model to choose according to
his/her own specific requirements, using the following guide-
lines:

1. Define the maximum torque of the valve to automate.

2. To obtain a safety factor increase the torque value chosen
by 25%-50% (subject to the type of valve and working condi-
tions).

3. Once the torque value suggested is obtained consult the

‘ torque chart and in relation to the corresponding air pressure

find a torque value exact to or exceeding the one obtained.
4. Once the torque value is determined move horizontally to
the column “model” to find the actuator model required.

P;HEESSSS%SS TABELLA DEI MOMENTI TORCENTI / TORQUE OUTPUT Nm
bar
MODELLO 25 3 4 5 5.5 6 7 8 9 10
MODEL
DA 32 3.5 4.2 6 7.5 8 9 10 11.5 13 14.5
* DA 52 10 12 16 20 23 25 27 33 38 42
] DA 63 18 22 29 37 40 44 52 59 67 74 |
DA 75 25 31 4 51 56 61 72 82 92 102
DA 85 44 53 70 89 100 107 125 142 160 178
DA 100 70 84 113 140 158 169 197 226 254 282
DA 115 116 140 186 233 256 280 326 373 420 466
DA 125 165 198 264 330 370 397 463 529 596 662
DA 160 300 360 480 600 660 720 840 960 1080 1200
DA 200 562 675 900 1125 1237 1350 1575 1800 2025 2250
DA 270 * 1304 1565 2086 2608 2869 3130 3651 4173 / /

* PRESSIONE DI ESERCIZIO MAX 8 bar
MAX AIR PRESSURE SUPPLY 8 bar




MOMENTO TORCENTE ATTUATORI SR
TORQUE SR ACTUATORS
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MOMENTO MOLLE PRESSIONE DI ALIMENTAZIONE / AIR SUPPLY PRESSURE bar
<’>)ro SPRING TORQUE 25 3 | a | 5 [ 85 6 | 7
OOQQ}' "oé Nm MOMENTO TORCENTE ATTUATORI A SEMPLICE EFFETTO TORQUE SPRING RETURN AC‘I'UATOG$ Nm
Q@O M:AD M’:AC 0 90 0 90 o 90 0 90" [) 90 0 90 0 90
MAD | MAC | MAD | MAC | MAD | MAC | MAD | MAC | MAD | MAC | MAD | MAG MAD | MAC
01 4.5 6.9 57 | 32 [ 79 | 55 | 12 | 95
02 53 8.2 7 4 15| 85 | 155 | 127
SR 52 03 6.3 9.6 6 2 105 65 | 14 | 108 | 162 | 128
04 T2 1 8.8 5 13 | 95 | 153 | 115 | 175 | 135
05 9 14 13| 65 135 | 87 | 157 | 102 | 20 | 14
01 7.5 12 103 | 57 | 14 | 95 | 215 | 167
02 8.2 13.8 135 8 21 | 157 | 285 | 23
SR 63 ||| %3 .2 17.6 105 | 33 | 183 | 108 | 245 | 185 | 285 | 22
04 1.8 19 163 | 9 24 | 168 | 28 [ 205 32 | 245
05 15.8 245 20 | 115 | 24 | 155 | 28 18 35 25
01 10 18 14 6 19 11 29 20
02 13 22 16 7 27 17 36 26
SR 75 03 14 25 15 4 25 14 35 24
04 17 29 22 10 32 20 37 25
05 21 36 28 13 33 18 38 23 48 33
01 15.8 25 22 | 125 | 30 20 45 35
02 17.5 28.7 278 | 16 | 435 | 315 | s9 | 465
SR 85 03 228 35.8 225 9 38 (245|537 | 40 [ 615 | as
04 245 39.5 36 | 205 | 515 | 36 | 505 [ 438 | 67 51
05 315 50 g 44\ /248|829 327 [1604| 408 | 75 55
01 26 pad 41.5 | 23.7 | 55.2 | 375 | 825 | 63.7
02 29 50.8 508 | 29 | 785 | 56.8 | 105.7 | 835
SR 100||| o3 37.8 62 42| 185 | 70 | 445 975 722 | 112 | 86
04 40.5 69 668 | 382 [ 945 | 66 |1085| 80 |1225]| 935
05 53 88 828 | 46 (967 | 60 |1108| 74 |1385| 100
01 45 66 67 44 90 68
02 53 75 59 34 82 s8 | 129 | 104
SR 115||| o3 64 9% 69 | 36 | 116 | 83 | 183 | 130
04 72 103 108 73 154 | 120 | 178 | 143 | 201 166 | 248 | 213
05 91 132 87 42 134 88 16/ 112 180 135 227 182
01 56 93.7 101 | 61.5.1133.7 | 94.5 [ 194.5| 1542
02 62.5 106 126.5 79 192 145 | 255.51207.5
SR 125||| o3 81 134.5 106.7 | 488 | 172 [ 1155 | 237 | 181 | 269 | 212
04 87.5 146.7 164.8| 100 | 230 | 166 |262.5| 199 [204.7 | 231
05 112 187 201 | 122 | 234 | 155 | 267 | 181 | 330 | 248
01 100 152 186 | 126 | 245 | 188
02 147 225 198 | 116 | 317 | 234
03 173 264 170 74 290 | 193 | 407 | 311
SR 160 04 200 321 260 | 136 | 378 | 255 | 437 | 312
05 252 376 330 191 388 | 251 447 310
06 300 473 335 | 161 | 395 | 220 | 512 | 332
01 174 245 362 | 270 | 472 | 387
02 247 356 398 | 273 | 621 | 498
03 298 424 344 | 192 | 568 | 425 | 789 | 649
SR 200 04 353 531 510 | 317 | 731 | 541 | 842 | 651
05 421 602 655 | 447 | 767 | 562 | 878 | 675
06 527 776 662 | 396 | 777 | 510 | 994 | 721
01 505 788 834 | 545 | 1109 | 819 | 1658 | 1368
02 606 946 726 | 379 | 1001 | 654 | 1550 | 1203
03 707 1103 619 | 214 | 893 | 488 | 1442 | 1037 | 1991 | 1586
SR 270 04 808 1261 511 48 785 | 323 | 1334 | 872 | 1884 | 1421 | 2158 | 1695
05 909 1418 678 | 157 | 1227 | 706 | 1776 | 1265 | 2050 | 1530 | 2325 | 1804
06 1010 1576 1119 | 540 | 1668 | 1090 | 1943 | 1364 | 2217 | 1630
07 1111 1733
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Sofvareversion 1.0 cerabar M
Pressure Transmitter

Operating instructions
Cerabar M with analogue electronics

\

Endress+Hauser (EM

A SN\

Nothing beats know-how
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Jontents

serabar M

vithout diaphragm seal
-PMC 41, 45

-PMP 41,45

“igure 2.1
flounting on a shut-off valve for
1easuring gases

‘igure 2.2

ot

founting with a U-shaped pigtail
or measuring steam

ight:

founting with a circular pigtail

Or measuring steam

2 Installation

This section describes:

130

e the mechanical installation of Cerabar M with and without diaphragm seal,

» the electrical connection.

2.1 Mounting instructions without diaphragm seal

The Cerabar M without diaphragm seal is mounted in the same way as a manometer.
The use of shut-off valves and pigtails is recommended. The position depends upon

the application.

e Measurement in gases:

Mount on the shut-off valve above the tapping point so that condensate can run

back into the process.

BA200Y04

* Measurement in steam:

Mount with a pigtail above the tapping point.

The pigtail reduces the temperature in front of the diaphragm to almost ambient
temperature. Before start-up, the pigtail must be filled with water.

BA200Y06

T BA200Y05)

Endress+Hauser



5 Technical Data

General information

Application

Operation and system design

Input

Conversion factors
1 bar = 14.5 psi
1 psi = 0.069 bar

Endress+Hauser
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Manufacturer Endress+Hauser
Instrument Pressure transmitter
Designation PMC 41, PMP 41, PMC 45, PMP 45, PMP 46, PMP 48

Technical documentation
Version
Technical data

BA 200P/00/en
04.99

according to DIN 19 259

I&asurement of absolute and gauge pressure in gases, vapours, liquids

Measuring principle

PMC 41, PMC 45 with ceramic sensor

The pressure causes a slight deflection of the
ceramic diapnragm of the sensor. The change in the
capacitance is proportional to the pressure and is
measured by the electrodes of the ceramic sensor.
Volume of chamber: approx. 2 mm® (0.078 in%)

with metal sensor

PMP 41, PMP 45, PMP 46, PMP 48

The process pressure acting on the metallic
separating diaphragm of the sensor is transmitted
via a filling fluid to a resistance bridge. The change
in the output voltage of the bridge is proportional to
the pressure and is then measured.

Volume of chamber: smaller than 1 mm? (0.039 in%)

Measuring system

= Cerabar M and power supply e.g. via RN 221
transmitter power pack

= Calibration via potentiometers for zero point and span

- Plug-in anziogue display for showing measured !
values |

Construction

Standard SS rousing,
for process connections see page 25

Signal transmission

4...20 mA, 2-wire

f .
| Measured variables

Absolute or gauge pressure

Measuring ranges
| PMC 41, PMC 45

|PMP 41, PMP 45, PMP 46, PMP 48 :

‘ Type of 'Measure- Min. Overload |Type of Measure- |Min. Overload i
pressure | 'ment span i pressure  ment span
|limits (TD 10:1) limits w 4 (TD 1011)”_ s
|bar bar  bar bar - |bar Bl bar et |
gauge | 0..0.1 0.01 |4 gauge Q124 |01 4 ;
gauge 1 0..04 0.04 e ‘ |gauge 0,44 0.4 16 |
gauge | 0.1 0.1 710 gauge 0.410 Ty bl e |
gauge | 074 0.4 I 25 gauge 0...40 4 = :_]@_A¥ |
| gauge | 010 1 | 40 gauge 0..100 |10 L A0 \
gauge | 0..40 4 ' 60 gauge 0..400 | 40 600
gauge | -0.1...0.1 | 0.02 I'a gauge -1...+1 0.2 4
gauge | —0.4.7..0.4 0.08 7 gauge -1...+4 0.5 116 P
gauge -1...+1 0.2 10 gauge -1...+10 1.0 ok 40 -
gauge -1...+4 0.5 1 25 e
gauge | -1 410 | 1.0 ' 40
absolute | 0..0.4 0.04 L7 absolute 0.1 0.1 4 )
absolute | 0...1 0.1 [ 10 absolute 0.4 0.4 | 16 B
absolute | 0.4 04 |25 absolute  0..10 1 40
absolute | 0...10 1 | 40 absolute  0...40 4 ' 160
absolute | 0..40 |4 | 60 absolute  0..100 | 10 (400
j absolute 0 ..400 40 | 600

21



Jutput

\ccuracy

’rocess conditions

137

Resistance to low pressures PMC

PMP

for sensors with nominal values 0.1 bar:
to 0.7 barabsolute; for all other sensors: to 0 barabsolute
to 10 mbarabsolute

Calibration range (turndown)

via DIP switches to TD 10:1

Zero point increase and decrease

+10 % of cell measuring range

Output signal

Analogue signal 4...20 mA

Signal on alarm Signal overrun (>20.5 mA)

Signal underrun (<3.6 mA)

Bargraph and scale on the display flash
Scale flashes

Integration time

Depending on switch position: off: 0's; on: 2 s

Reference conditions

DIN IEC 770 Ty=25°C (+77°F)

Linearity including hysteresis and reproducibility
(based on the limit point method to
DIN IEC 770)

PMC: +0.2 % of set span
PMP. +0.3 % of set span

Linearity at low absolute pressure ranges
(due to performance limits of currently available
DKD calibration rigs)

Absolute: for 240 mbar to <100 mbar: +0.3 % of set
span

Warm-up time 200 ms
Rise time 60 ms
Response time 180 ms

Long-term drift

0.1 % (FS) per year

Thermal effects
with reference to the set span
TD = nominal value/set span

for=10...+60°C (+14...+140°F): +(0.3% x TD+0.3%)
for —40...-10°C (=40...+14°F); +60...+85°C
(+140...+185°F): +(0.5% x TD+0.5%)

Temperature coefficient (maximum TK)
(But not exceeding the error due to thermal
effects.)

for zero signal and span:

for -10°C...+60°C (+14°F...+140°F): +0.15% of
nominal value/10 K

for —40°C...=10°C (-40°F...+14°F); +60°C...+85°C
(+140°F...+185°F): +0.2% of nominal value/10 K

Vibration effects

None (4 mm'in path peak-to-peak 5...15 Hz,
2 g:15..:150 Hz, 1g: 150 Hz..-2000 Hz)

{ Mounting conditions

Any position

Ambient conditions

l Ambient temperature

=40...+85°C (-40...+185°F)

Ambient temperature range (short-term)

~40...+100°C (-40...+257°F)

Storage temperature

-40...+85°C (-40...+185°F)

| Climatic class

4K4H to DIN EN 60721-3

5 Protection

IP 66/Nema 4x with cable gland

IP 68 (1 m water over 24 h) or Nema 6P (1.8 m water
over 30 min.) with assembled cable with reference
air feed

|
[
|

Electromagnetic compatibility

Interference emission to EN 50081-1,
Interference immunity to EN 50082-2 and NAMUR
NE 21: influence < 0.5%

Process conditions

Process temperature

PMC/PMP 41: -40...4+85°C (-40...+185°F)
PMC/PMP 45: -40...+125°C (-40...+257°F)
PMP 46/48: -40...+85°C (-40...+185°F)

Process temperature range

Cleaning temperature for Cerabar M flush-mounted
+150°C (+302°F) up to 60 minutes, diaphragm seal
with temperature spacer and high-temperature oil
max. 350°C (+662°F)

Process pressure

corresponds to permissible overload

Endress+Hauser




Mechanical construction

Design
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Housing

-Type F 15

Optional electrical connection via

- cable gland M 20x1.5

- cable entry Pg 13.5, G %, %2 NPT

- Harting plug, M 12x1 plug

— assembled cable with reference air feed

Process connections

All common thread versions, flush-mounted connections
and diaphragm seals

Materials
Gasket Lower . Housing - SS 1.4301 (SS 304)
temperature - Housing cover gasket: silicone
limi
- Nameplate Engraved on housing with laser
o Rl 2o i P ti PMP 41 1.4435 (SS 316L), adapter 1.4435 (SS 316L)
" " . rocess connections -1. , adapter 1.
6 [FPM, Viton | -10°C (+14°F) PMC 41 |- 1.4435 (SS 316L), Hastelloy 2.4819 (C 276)
grease-free PMP 45, PMC 45, PMP 46, PMP 48 |- 1.4435 (SS 316L)
A g:?':a:non (_:?49F+60 C Process diaphragm PMC 41, PMC 45 |- Al,03 aluminium oxide ceramic
foasefrea +140°F.)” PMP 41, PMP 45, PMP 46 |- 1.4435 (SS 316L)
f%r o PMP 48 |~ 1.4435 (SS 316L), Hastelloy 2.4819 (C 276),
Y9 tantalum, PTFE film on 1.4435 (SS 316L)
8 |[NBR -20°C...+80°C : - - :
(DVGW) (~4°F...+176°F) Seals FPM Viton, FPM Viton grease-free, FPM Viton oil and
3 grease-free for oxygen, EPDM, Kalrez, NBR, DVGW
2 |NBR (‘_240° é-;' version with NBR seal
7 [Frem, +5°C (+41°F) Mounting accessories Bracket for pipe and wall mounting 1.4301 (SS 304)
Kalrez Filling fluid in diaphragm seals Silicone oil, vegetable oil, glycerine,
Compound high-temperature oil, FLUOROLOBE grease-free for
4079 oxygen |
4 | EPDM -40°C (-40°F)
Measuring cell
Filling fluid PMC 41, PMC 45 |- None, dry cell sensor ;
PMP 41, PMP 45, PMP 46, PMP.48 | - optional silicone oil or inert il (Voltalef) for |
oxygen !
Display and operating interface Display Plug-in display with bargraph of pressure (30
segments)
Operation ~ Calibration of zero point and span via two
potentiometers and DIP switches on the instrument
‘ ~ Calibrating the damping via DIP switches on ’
[ ¥, the instrument N
Power supply Power supply 11.5..145 Vpg,

Certificates and approvals

Supplementary documentation

Endress+Hauser

Overvoltage category

[I'to DIN.EN 61 010-1

Ripple

No effect for 4...20 mA signal up to +5 % residual
ripple within permissible voltage range

el

Ignition protection

see "Safety Instructions” page 4

CE Mark

By attaching the CE Mark, Endress+Hauser confirms -|
that the instrument fulfils all the requirements of the
relevant EC directives.

Cerabar M System Information: SI 038P/00/en
Cerabar M pressure transmitter Technical Information: TI 321P/00/en
Cerabar M with diaphragm seal Technical Information: TI 322P/00/de
Cerabar M analogue electronics operating instructions: BA 201P/00/en

23



+GF+ SIGNET 5800CR Conductivity/Resistivity Monitor

tures

Description

Backlit LCD

Wide operating
range

Programmable
temperature
compensation and
TDS conversion
factors

Temperature
display in °C or °F

Display units: S,

mS, kQ, MQ, ppm
(TDS)

plications

Industrial process
monitor

Demineralizer
regeneration and
rinse

Rinse tanks
Cooling towers
Reverse osmosis

Boiler protection

Chemical
concentration

Wide range and ease of use allow
keypad configuration of the +GF+
SIGNET 5800CR Conductivity/Resistivity
monitor to your process requirement.
Automatic (and programmable)
temperature compensation ensures
accuracy. The vibration resistant air-core
meter offers excellent visibility, coupled
with the accuracy of a backlit liquid

crystal display.

Compatibility

\ 4 > ENTER

2800 Series Conductivity Sensors

Technical Data

+GF+ SIGNET

Operating Range:

Power Requirements:

Display:

Current Output:

Alarm Contacts:

Temperature Comp.:

TDS Conversion Factor:

Operating Conditions:

Conductance: -0.055 to 400,000 uS

Resistance: 10 kQto 18.3 MQ (0.055 to 0.1 uS) must be
performed in solution temperatures from 20 to 100°C
Temperature: PT-1000; 32 to 212°F

12 to 24 VAC or 12 to 24 VDC, unregulated, 50-60 Hz,
10 W Max.

Analog: Slide-in dials 0 to 2, 4, 6, 8, 10, or 100

Digital: Backlit 2X16 character alphanumeric LCD

4 to 20 mA, non-isolated, internally powered

Loop impedance: 350Q max. @ 12VDC,

950Q max. @ 24VDC

Accuracy: #0.1%

Two SPDT relays:

SA @ 30 VDC, 5A @ 125 VAC, or 3A @ 250 VAC mox.
Hi/Lo programmable with adjustable hysteresis
Programmable 0 to 10%/.°C

Programmable 0.00 to 3.00 p1S/ppm (default 2.00)
Operating temperature: 14 to 131°F

Relative humidity: 0 to 95%, non-condensing

Accuracy: 1£2% of reading
Materials: Enclosure: ABS plastic, NEMA 4X/IPé5
Keypad: Silicone rubber
Panel and case gasket: Neoprene
Window: Hard-coated polycarbonate
Immunity: EN50082-1
Emissions: EN55011
Safety: EN61010-1
Quality Standards: CE, CSA, UL
Ordering Information
Part No. Description
Basic Unit: 3-5800CR 5800CR Conductivity/Resistivity Monitor
Reversible dial face kit included (0Oto2,4,6,8,10 and 100)
Accessories: 3-5000.395 Splashproof Back Cover Kit
3-5000.598 Mounting Bracket
3-5000.399 Retrofit Adapter Kit
3-9000.392 Liquid Tight Connector Kit
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+GF+ SIGNET 2819/2820/2821 Conductivity Sensors

Features

Description

Controlled surface
finish

Reversible 3/4 in.
NPT process
connection for
in-line and tank
usage

Easy to install

Integral PT-1000,
Platinum RTD

Applications

Water and
wastewater
treatment systems
Industrial processes
Plating

Rinse tanks

Heat exchanger
leak detection

Chemical
concentration

R.O. and D.I.
processes

Dual containment
leak detection

The tGF+ SIGNET 2819/2820/2821
Conductivity Sensors offer high
performance and reliability. Controlled
surface finish and integral temperature
compensation devices ensure accurate
conductivity measurement. Available in
three cell constants, these sensors offer a
measurement range from .055 to
10,000 pS when used with +GF+
SIGNET conductivity instrumentation.

Compatibility

5800CR Conductivity/Resistivity Monitor
9050CR Conductivity/Resistivity Controller

Technical Data

Operating Range:

Temperature:
Pressure:

Pipe Size Range:
Materials:

0.01 Cell: 10K Q1o 18.3M Q (0.055 to 100 pS)
(max. recommended cable length 25 ft. in range from
10MQ to 18.3MQ)

0.1 Cell: 110 1,000 uS

1.0 Cell: 10t010,000 uS

212°F max. (opt. 316 SS fitting: 3-2820.392; 248 °F)
100 psi max. (opt. 316 SS fitting: 3-2820.392; 200 psi)
3/4 in. and larger

Body: 316 Stainless Steel

Insulator: Teflon®

O-rings: EPR

Fitting: 3/4 in. MNPT Polypropylene (reversible for
submersion)

Optional: 1/2 in. MNPT 316 Stainless Steel:
3-2820.392

Cable type: 3 conducior, foil shield, w/drain wire

Cable length: 15#. (100 ft. max.)

Ordering Information

Part No. Cell Constant Temp. Comp. Range (uS)

3-2819-1 Cond. Cell K=0.01 PT-1000 0.05510 100 pS (10KQ -18.3MQ)
3-2820-1 Cond. Cell K=0.1  PT-1000 110 1000 pS

3-2821-1 Cond. CellK=1.0 PT-1000 1010 10,000 pS

Accessories  Description

3-2820.392 Optional 0.5 in. NPT Fitting, 316 SS



+GF+ SIGNET 5500 Flow Monitor

“eatures Description

* Analog visibility The ¥GF+SIGNET 5500 Flow Monitor
and digital is a feature-packed monitor covering a
accuracy wide range of applications. Dual

Backlit LCD display

Simple push-button
operation

Independently
calibrated flow and
totalizer displays

Two 8-digit
totalizers

Programmable
alarms

Scaleable 4 to
20 mA

Applications

totalizers are calibrated independently of
the digital analog flow rate. Expand the
communication range of the system by
connecting peripheral equipment to the
isolated frequency out, the alarm contact
outputs, or the 4-20 mA current output.

b}

Effluent monitoring
Pump protection
Pump sequencing
Filtration systems
Proportional
addition (w/4-20
mA output)

High flow alarm
Low alarm for

heating/cooling
flows

Packaged in a slim-line housing with
NEMA 4X shatter-resistant front panel,
the 5500 is the most sophisticated
analog monitor available.

Compatibility

>
SIGNET

All #GF+ SIGNET Flow Sensors

Technical Data

Operating Range:
Power Requirements:

Display:

Current Output:

Alarm Contacts:

Additional Functions:

Operating Conditions:

Accuracy:
Materials:

Immunity:
Emissions:

Safety:

Quality Standards:

0.5 Hz to 10kHz, optically isolated

12 to 24 VAC or 12 to 24 VDC, unregulated, 50-60 Hz,

10W max.

Analog: Slide-in Dials 0-2, 4, 6, 8, 10 or 100

Digital: Backlit 2X16 character alphanumeric LCD

4 10 20 mA, non-isolated, internally powered

Loop impedance: 350Q max. @ 12V, 950 Q max. @ 24V

Accuracy: +0.1%
Update rate: 100 msec.

Two SPDT relays: 5A @ 30 VDC, 5A @ 125 VAC, or

3A @ 250 VAC max.

Hi/Lo programmable with adjustable hysteresis
Sensor Pulse, Count pulse, Remote totalizer reset

Operating temperature: 14 to 131°F

Relative humidity: O to 95%, non-condensing

+0.5% of reading

Enclosure: ABS Plastic, NEMA 4X/IP65
Keypad: Silicone rubber

Panel and case gasket: Neoprene
Window: Hard-coated polycarbonate
EN50082-2

EN55011

EN61010-1

CE, CSA, UL

Ordering Information

Part No. Description
Basic Unit: 3-5500 5500 Flow Monitor
Reversible dial face kit included (0-2, 4, 6, 8,10 and 100)
Accessories: 3-5000.395 Splashproof Back Cover Kit
3-5000.598 Mounting Bracket
3-5000.399 Retrofit Adapter Kit
3-9000.392 Liquid Tight Connector Kit



Features

142

+GF+ SIGNET 515 Rotor-X Flow Sensor

Description

Simple installation

Minimal
maintenance

Rugged
construction

No pressure drop

Variety of material
options

Reliable operation/

performance

Applications

Water and
wastewater

Pure water
production

Power generation
and distribution

Metal finishing
Feed water

Process flows

Constructing a flow monitoring or
controlling system is simple with the tGF+
SIGNET 515 Rotor-X Flow Sensor.
Combine the 515 with a tGF+SIGNET
installation fitting and flow meter or
controller, and have an operational flow
monitoring system in minutes. Available
in a choice of chemically resistant housing
materials, the 515 stands up to many
industrial processes. For processes
containing pure water or acids and
solvents, the PVDF version combined with
a PVDF +GF+ SIGNET fitting, provides
protection from possible fluid product
contamination.

Compatibility

5090, 5100, 5500 Flow Monitors
5600 Batch Controller

8512 Flow Transmitter
8540 Pump Pulser
9010 Flow Controller
Technical Data

1V p-p per ft/s nominal
6 Hz per ft/s nominal
1 10 20 ft/s

Output Signal:
Output Frequency:
Operating Range:

Pressure/Temperature: PP sensor body: 180 psi @ 68°F, 25 psi @ 185°F
PVDEF sensor body: 200 psi @ 68°F, 25 psi @ 185°F

Power Requirements: none

Pipe Size Range: 0.5 to 36 in.

+0.5% of full scale
1% of full range

Repeatability:

Linearity:

Materials:
O-rings: Viton®

Refer to ordering info. for material options available.

Cable type: twisted pair, foil shield with drain wire

Cable length: 25 ft. (200 ft. max.)

Quality Standards: CE, FM (Class I, I, 1ll/Div. 1/Groups A-G)

Installation

For maximum linearity and accuracy, the sensor should be located in a straight run ¢

pipe upstream and downstream of the sensor. Major obstructions such as pumps or

throttled valves will require longer straight runs.

Inlet — Outlet = o
Flange Reducer 90° Elbow =
——1 | =1 ] | (=1 [
10 x I.D. 5x1.D. 15x1.D. ‘ 5x1.D. ‘ 20 x1.D. 5x1.D.
- 2 x 90° Elbow g

3 dimensions

Pump Valve/Gate 2 x 90° Elbow

A

— | [ =

L
|

|

50 x I.D. |5x|.D. I 40x1.D. | ~ | 5xID.

g 25x I.D. "—“'sxt.o,
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+GF+ SIGNET 8300 Temperature Transmitter

Description

* |Integral design
includes sensor

*  Chemically
resistant

polypropylene
wetted materials

*  Optional °C

temperature display

Applications

e Effluent monitor

* Plastic piping
systems

¢ Desalination

* Reverse osmosis
systems

* Chemical process

* HVAC

The tGF+SIGNET 8300 Temperature
Transmitter utilizes a solid state sensor
that ensures high accuracy. It has a
chemically resistant NEMA 4X enclosure,
and no wetted metallic parts for
increased durability and longer life.

The two-wire 4 to 20 mA output is
adjustable to any 20°C span from 0 to
90°C. The corrosion resistant plastic
sensor uses standard TGF+ SIGNET

installation fittings.

Compatibility
5091 Current Monitor

Technical Data

Loop Power: 10 t0 30 VDC

Loop Impedance: 1Q@ 10VDC, 100Q @ 12 VDC,
1000Q @ 30 VDC

Electronics Operating Temp.: 5 to 122 °F

Sensor Operating Range: Temperature: 0 to 90°C
Pressure: 180 psi @ 20°C, 25 psi @ 90°C max.
Current Output: 4 to 20 mA, 2-wire signal (Min. span 20 ° C)

Optional display: 0to 90 °C
Response time: 5 sec. for 63% of change
Accuracy: £1°C

Relative Humidity: 0 to 95%, non-condensing
Materials: Enclosure:  Glass-filled Polypropylene,
NEMA 4X/IP65

Enclosure seal: Viton®
Window: Polycarbonate

Ordering Information

Part No. Description Sensor Material
3-8300.103 Temperature Transmitter 0.5 in. NPT Ports  Polypropylene
3-8300.103-D  Temperature Transmitter PG-13.5 DIN Ports Polypropylene

Accessories
3-8020.390 Optional 2-1/2 digit LCD Kit (factory installation recommended)
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otal Dissolve Solids

MANUIN 4.

mg/l 1000 <250
Electrical Conductivity us/cm 1337 <333.33
Water Flow Rate m3/hr 54 35
Total Hardness ppm as CaCO, 180 <0.2
Total Alkalinity ppm as CaCO, 56 20-50
Chloride mg/l 350 Max 35-100
Total Iron mg/l 0.1 <0.04
Turbidity NTU Very Slightly Turbid <5
pH at 28 °C 8.0 7.0-8.0
Color Very Pale Green <5
Normalize Permeate Flow (PF) m’/hr - >30
[Normalize Permeate TDS (PT) mg/l o] <250
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Total Dissolve Solids mg/l 560 <30
Electrical Conductivity us/cm 750 <40
Water Flow Rate m’/hr 8 6
Total Hardness ppm as CaCO, 112 <0.1
Chloride mg/1 24.1 <53
Total Iron mg/l 0.02 nil
pH at 28 °C 8.0 5.5-6.5
Normalize Permeate Flow m’/hr J >5:5
Normalize Permeate TDS mg/l - <100

Total Dissolve Solids

mg/l 128 <15
Electrical Conductivity us/cm 170 <20
Water Flow Rate m/hr 17 12
Total Hardness ppm as CaCO, nil nil
Chloride mg/l 9 <3
Total Iron mg/l 0.06 <0.01
pH at 28 °C 7.6 6-7
Normalize Permeate Flow m’/hr - >10
Normalize Permeate TDS mg/l - <50
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Fig 2: Reverse Osmosis System Configuration.
Tag Equipment
TK-01 Pretreatment water Tank
TK-02 RO water storage Tank
TK-03 CIP water storage Tank
SV Automatic Valve
RWP Raw water Pump
HPP High pressure Pump
CIP CIP Pump
CP-01 Chemical feed Pump
MX Mixer
LS Level Switch
PS Pressure Switch
P Pressure Sensor
TDS TDS Sensor
F Flow Sensor
HL : High Level
LL Low Level

Table 1: Definition Equipment Tags.

For sequence operation is shown as fig 3. When
Start up System.
= SV-1 will be open early about 5 seconds then CP-01
and RWP wil] be start { CP-01 dosing for decrease
LSI ( Langelier Saturation Index )[4] and RWP use
for transfer raw water to HPP } about 5 seconds
then. -
= HPP will be start in order to up pressure before
inletmembrane, SV-02 will be open in order to fill
permeate water into TK-03 and close when TK-03
full.
- After System stop CIP will be start and stop when
water in TK-03 low.
Normal stop System, water in TK-01 is low or water
in TK-02 is full,
Trouble stop System, low pressure inlet HPP ( about
7 seconds ) for protect pump.

--536 -

Fig 3: Sequence Operation.

For first start-up have to adjust valve ( manual )
concentrate water in order to set recovery.




3 Fouling and Cleaning

Fouling is the build up of unwanted deposits or
scales on a membrane -that result in reduce permeate
flow and/or salt rejection. Membrane fouling divide 4
type following[1].

Scale Fouling occur from Ca®* in water when it more
concentrate it will crystallize become to calces,
limestone of CaCos, CaSO,

Metal Oxide Fouling Usually is crystal of iron oxide.
Normally iron used to within Ferous ( Fe** ) form when
oxidized it become to Ferric ( Fe** ) which crystallize to
FQO;

Colloidal Fouling when colloid more concentrate it will
Coagulation become to precipitate which it will cork
membrane.

Biological Fouling microorganism can good grow up on
membrane which it bring about any trouble i.e, destroy
membrane, cork membrane, rise of TOC ( total organic
carbon ).

Loss of salt rejection and loss of permeate flow
are the most common problems encountered in reverse
osmosis. If the salt rejection and/or the permeate flow
decreases slowly, this may indicate a normal
fouling/scaling which can be handled by proper and
regular cleaning.

All membrane systems need regular cleaning to
maintain productivity ( permeate flow ) and performance
( salt rejection ). Chemical cleaning is method that use
chemical active with precipitates in membrane. For
procedure cleaning divide 2 step following.

- Alkaline Cleaning for Organic and Metal oxide
Fouling by use pH=11.0- 11.5.

- Acid Cleaning for Scale and Colloidal Fouling by
use pH=2.5 -3,
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4 Indicator data membrane performance

In order to able to follow the performance of
the ROS, it is necessary that all relevant data are
collected, recorded and kept on file, especially start-up
record. The performance of the ROS is influenced [2] by
the feed water composition, feed pressure, temperature
and recovery. Indicator data record keeping is shown as
Table2.

Data & Condition start-up | operation | unit
Feed pressure ( P1) psi
Permeate pressure ( P2) psi
Concentrate pressure ( P3) psi
Feed TDS (TDS1) ppm
Feed TDS (TDS2) ppm
Feed TDS (TDS3) ppm
Feed flow (F1) m3/hr
Feed flow (F2) m3/hr
Feed flow (F3) m3/hr
Feed temperature (T1) celsius

Table 2: Record Keeping.
S Manual Cleaning

The most of Factory used to regular cleaning by
use duration or observe abnormal quality water method
which disadvantage such as quality water decreased go
to process as membrane dirty, expensed in frequently
cleaning and operator have to expert. In order to solve
these, automation cleaning proposed.

For cleaning sequence operation of manual
method as well as automation method as shown in Fig S.

ey

Fig 4: Automation Cleaning Reverse Osmosis System Configuration.
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6 Equipment additional for Automation
Cleaning System

For automation cleaning system design is
shown as Fig 4. By system required equipment addition
following ‘

- Automatic Valve 7 Ea
- PE Storage Tank 2 Ea
- Mixer 2 Ea
- Piping & Accessory

- Analog input module (resolution 12 bits) 4 points 3 Ea
Automation cleaning sequence operation system is

shown as Fig 5.

When system enter to automation cleaning
procedure, system will shutdown but SV-03 still open
then.

- MX-01,02 will be start in order to mix chemical
cleaning in tank, CIP will be start in order to
flushing permeate water replace of concentrate
water in membrane vessels.

START
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When TK-03 is low CIP will be stop, SV-07 will be
open in order to fill acid chemical to TK-03 until it
empty ( about 10 minutes ) SV-07 will be close,
MX-01 will be stop.

SV-02,04 will be open in order to circulated
chemical in system, by use CIP run 15 minutes and
stop 5 minutes continually.

After 3 times ago SV-02,04 will be close and SV-
03,09 will be open by CIP start continuous in order
to drain chemical in system as far as TK-03 is low
CIP as stop.

SV-06 wil! be open in order to fill permeate water
into TK-03 till full then CIP will be start in order to
use permeate water flushing remain chemical ( twice
times ).

After acid cleaning finished then caustic cleaning
will begin by use same procedure.

Finally system will be start by SV-02,05 will be
closed but SV-03,09 will be open in order to
flushing remain chemical until TDS value are
constant about 3 minutes then system will enter to
normal operation.

SYSTEH
START

SV-2AS|S\V-03.09
OPFEN

CHECK
TS 2
CONSTANT,

< 3 MIN

3 MIN

SV-0.05 OPEN
SWV-0304 CLOSE

NIRMAL SYSTEN
OPERATION

Fig §: Automation Cleaning Sequence Operation.
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Computer

RS-232C
Hostink protocol

!
]

ﬁ

Digltal Digltal Analog
Input Module Output Module Input Module 4 Channel
1 T
4-20 mA
24Vdc 220Vac T T ?
Digltal Input Digltal Output Analog Input Analog Input Analog Input
Devices Devices Devices Devices Devices
= Switch = Pump - Pressure - TDS Sensors - Flow Sensors
- Sensors = Mixer Sensors - Temp Sensors
= Valve
- Lamp

Fig 6: Control Hardware Configuration.

7 Data Processing

For data processing configuration is shown as
Fig 6. First step instruments will sent signal to analog
input module ( resolution 12 bits ). PLC will convert
signal from  4-20 mA to binary and kept within register
memory, Second step Host computer will request data
from PLC pass RS-232C port by means of hostlink
protocol[5].

8 Calculation membrane performance

In order to distinguish between normal and real
performance change[4], the measured permeate flow and
salt passage have to be normalize, this means compared to
a given reference performance while the influences of
operation parameters are taken into account. The reference
performance maybe the designed performance or the
measured initial performance.

A. Normalize Permeate Flow

Pf,~AR,[2-Pp; +fe; TCE,
Pf;-AR[2-Pp,+1fc, TCE
with Pf =Feed Pressure

AP/2 = One half divide pressure drop
Pp = Product Pressure

O = 9%

Q  =Product Flow

Ttfe = Osmotic pressure of the feed concentrate
mixture
TCF = Temperature correction factor
EXP[2640%{1/298 - 1/(273 + T)}}; T 2 25C

Subscript s = standard condition
Subscript o= operation condition

Note this calculation assume 7tfcs = Ttfc,

B. Normalize Permeate TDS

Lo =OR[2-Pp e +m,  Cfe
Pfs —AF; [2—Pp; —fes +mps Chyy

1
Y 3
I_Y)/ 3)

Cp; =Cp )

Cf, =Cf x ln(

Where Y = Recovery ratio = product flow / feed flow
Cf = TDS feed mg/l
Cp = Product concentration as ion in mg/I

Ttp = Osmotic pressure of the permeate in bar

Note this calculation assume 7tfcg = Tfc, |, Tlps = Tlpo

Qs and Cps will limited following require water
quality when the one of their exceed limited value system
will enter to automation cleaning.

+ 539 -



9 Software Analyze

The data analysis software process of computer is
shown as Fig 7. On computer will display mainmenu
which consist of 3 pages Graphics( System processing
diagram), Setting menu and trend page. For the first
procedure computer will read setting parameters such as
record data, preset data, sampling and start sampling time
etc. from setting menu. Then computer will read data from
PLC.

After getting data, computer will compute these
data and monitoring & display result of data in turn of
Graphics in Graphics page and Graph in Trend page.
Finally computer will consider quality water in order to
discuss enter to chemical cleaning. By PLC will control
procedure of cleaning after getting request from computer.

DISPLAY
NAIN NENJ

:

READ SETTING
PARAMETER

™

PUT & GET JATA
FROM CONTROLLER

!

COMPUTE
DATA & QUALITY WATER

QSI Crs

HONITOR ¢ DISPLAY
RESULT OF DATA

QUALITY VATER

CHEMICAL CLEANING

Fig 7: Data Analysis Software Process.
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10 Conclusion

Advantage of new automation cleaning method
have 3 points. First water quality guaranteed, Second
decrease frequently cleaning and Third fully automation
system by operator just fill chemical and observe which it
mean expert not necessary. However disadvantage of this
method is increased initial cost.
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AUTOMATION REVERSE OSMOSIS SYSTEM
USING COMPUTER ANALYZE

V. Tipsuwanporn , J. Anotaiadikoon, S. Gulpanich, V. Krongratana and K. Witheephanich*
Faculty of Engineering, King Mongkut's Institute of Technology Ladkrabang, Bangkok, 10520
THAILAND, Tel:(66-2)-326-7346 Ext. 102, E-mail: ktvittay@kmitl.ac.th
*Dept. of Electrical Engineering, F. aculty of Engineering Srinakharinwirot University
*Nakornnayok, THAILAND, E-mail: kritchai@psm.swu.ac.th

Abstract

As Pure & Drinking water system is universally
employed in Industrial, Reverse Osmosis System ( ROS )
has been becoming increasingly popular due to efficiency
in Salt & Organic Rejection of it. However membrane
system need regular cleaning.

This paper present a new method for automation
cleaning Reverse Osmosis System using Computer
monitoring Process & analyze Trend of membrane
performance & discuss enter to automation cleaning. The
membrane performance consist of TDS, Water Flow,
Pressure and Temperature. These variable analyzed for
automation cleaning in order to maintain productivity
and performance of RO System.

Keywords: ROS; PLC; TDS: Permeate; Concentrate;
Membrane

1. INTRODUCTION

Reverse Osmosis, developed in 1959, is the
newest method of water purification[3]. Tt is a system
which removes organics and salt using Mechanism of Salt
Rejection and Mechanism of Organism Rejection[4].
Membrane is essential for system due to performance
membrane is the most affect to quality water. Besides
membrane cost is very high, special attention is necessary,
normally Factory used to maintain it by regular cleaning
which sometimes it not necessary as it still good
performance. However disadvantage of frequently
cleaning is elevated expenses of chemical for cleaning,
labor cost, system shutdown, etc.

So this paper present a new method for
automation Reverse Osmosis System by use computer
software analyze performance of membrane and discuss
enter to automation cleaning in order to reduce frequency
cleaning and guarantee quality water following standard
water quality. Computer monitoring Process and essential
variable in turn of graph in order to observe trend
membrane performance.

CCECE 2003 - CCGEI 2003, Montréal, May/mai 2003
0-7803-7781-8/03/$17.00 © 2003 IEEE
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For this application example modify from semi
automation plant ( PLC control ) to fully automation plant
( PLC & Computer control ) by addition necessary
equipment such as automatic valve, analog input module,
etc.

2. SYSTEM DESIGN

2.1 Reverse Osmosis System

A reverse osmosis system, regardless of size of
complexity, can be conceptualized as the simple “black
box” shown in Fig 1[1].HPP will build up high pressure
water enter the membrane in order to separate dissolved
solids ( solute ) from water ( solvent ).

Concentrate

Membrane 0L =ikl s i

Fig. 1. Simple reverse osmosis system.

Total Dissolved Solids ( TDS ) The total organic and
inorganic material dissolved in the water expressed as a
concentration C ( e.g. mg/L, ppm ).
Permeate  The solution ( usually purifier water ) which
passes through the membrane and is collected for use.
Concentrate - The solution which exits from the system
which has not passed through the membrane. It is
enriched in a particular rejected material.

ROS is shown as fig 2. design for Drinking
& Produce Sirup Process. By raw water quality is TDS >
1275 mg/l, total hardness > 460 ppm as CaCO; , flow rate
54 m*/hr and Treated water quality is TDS < 37.5 mg/l,
total hardness 0 ppm as CaCOs, flow rate 41 m’/hr. Main
component of RO System consist of Membrane 43 pieces
( spiral would module, Polyamide ( PA Type) , 8 High
surface area Brackish water RO element ) and High
Pressure Pump ( Vertical Multistage Centrifugal pump,
Power 30 kw, Head 122.2 metres, Flow rate 64 m’/hr i
For definition equipment tags is shown as table 1.
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Fig. 2. Reverse osmosis system configuration.

Table 1. Definition equipment tags.

Tag Equipment
TK-01 Pretreatment water Tank
TK-02 RO water storageTank
TK-03 CIP water storage Tank

SV Automatic Valve

RWP Raw water Pump

HPP High pressure Pump

CIp CIP Pump
CP-01 Antiscale feed Pump

MX Mixer

LS Level Switch
PS Pressure Switch
P Pressure Sensor
TDS TDS Sensor
F Flow Sensor
4 Temperature Sensor
HL High Level
LT Low Level

2.2 Indicator Data Membrane Performance

In order to able to follow the performance of
the ROS, it is necessary that all relevant data are
collected, recorded and kept on file, especially start-up
record. The performance of the RO System is influenced
[2] by the feed water composition, feed pressure,
temperature and recovery. Indicator data record keeping
is shown as Table2.

For data processing configuration is shown as
Fig 3. First step instruments will sent signal to analog

-002 -

input module ( resolution 12 bits ). PLC will convert
signal from 4-20 mA to binary and kept within
register memory, Second step Host computer will
request data from PLC pass RS-232C port by means of
hostlink protocol[5].

Table 2. Record keeping.

Data & Condition start-up |operation|  unit
Feed pressure ( P1) psi
Permeate pressure ( P2) psi
Concentrate pressure ( P3) psi
Feed TDS (TDS1) ppm
Feed TDS (TDS2) ppm
Feed TDS (TDS3) ppm
Feed flow (F1) m3/hr
Feed flow (F2) m3/hr
Feed flow (F3) m3/hr
Feed temperature (T1) celsius

WORK STATION

Fig. 3. Data processing configuration.




2.3 Fouling and Cleaning

Fouling is the build up of unwanted deposits or
scales on a membrane that result in reduce permeate
flow and/or salt rejection. Membrane fouling divide 4
type following[1].

Scale Fouling occur from Ca®* in water when it more
concentrate it will crystallize become to calces,
limestone of CaCo;, CaSO,

Metal Oxide Fouling Usually is crystal of iron oxide.
Normally iron used to within Ferous ( Fe** ) form when
oxidized it become to Ferric ( Fe** ) which crystallize to
Fe203

Colloidal Fouling when colloid more concentrate it will
Coagulation become to precipitate which it will cork
membrane.

Biological Fouling microorganism can good grow up on
membrane which it bring about any trouble i.e, destroy
membrane, cork membrane, rise of TOC ( total organic
carbon ).

Loss of salt rejection and loss of permeate flow
are the most common problems encountered in reverse
osmosis. If the salt rejection and/or the permeate flow
decreases slowly, this may indicate a normal
fouling/scaling which can be handled by proper and
regular cleaning.

All membrane systems need regular cleaning to
maintain productivity ( permeate flow ) and performance
( salt rejection ). Chemical cleaning is method that use
chemical active with precipitates in membrane. For
procedure cleaning divide 2 step following.

- Alkaline Cleaning for Organic and Metal oxide
Fouling by use pH =11.0 - 11.5.

- Acid Cleaning for Scale and Colloidal Fouling by
use pH=2.5-3.

2.4 Calculation Membrane Performance

In order to distinguish between normal and real
performance change[4], the measured permeate flow and
salt passage have to be normalize, this means compared
to a given reference performance while the influences of
operation parameters are taken into account. The
reference performance maybe the designed performance
or the measured initial performance.

A. Normalize Permeate Flow

O, = FPfs — ARy /2 —Pp; + afcs xTCF.;' "
Pf,~AB/2—Pp, ¢, TCE,

O
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with Pf =Feed Pressure
AP/2 = One half divide pressure drop
Pp = Product Pressure
Q  =Product Flow
Ttfc = Osmotic pressure of the feed concentrate
mixture

TCF = Temperature correction factor
EXP[2640x {1/298-1/(273+ T)}}; T > 25C

Subscript s = standard condition
Subscript o = operation condition

Note this calculation assume 7tfcg = Ttfc,

B. Normalize Permeate TDS

Pf, _APo/z_PPo —7Co +7p, = Cfe

Cos =Cps X ¢))
; ; Pfs =AP[2—Pp; —nfes +mps  Cfy
ofe =Cfxln(l— Y 3)
1-Y
Where Y = Recovery ratio = product flow / feed flow
Cf = TDS feed mg/l
Cp = Product concentration as ion in mg/l

Tp = Osmotic pressure of the permeate in bar
Note_this calculation assume  Tfc =Tfc |, Tp =Tp

Q and Cp will limited following require water
quality when the one of their exceed limited value
system will enter to automation cleaning.

3. SOFTWARE ANALYZE

On computer will display Mainmenu (Fig.4)
which consist of 4 pages Process diagram (Fig.5)[6],
Setting (Fig.6) Trend(Fig.7) and Historical page (Fig.8) .
For data analysis software process, the first procedure
software[7] will read setting parameters such as record
data, preset data, sampling and start sampling time etc.
from Setting. Then computer will read data from PLC.

After getting data, software will compute these
data and monitoring & display result of data in turn of
Process Diagram (HMI) and Graph in Trend, Historical
page. Finally computer will analyze quality water in
order to discuss enter to chemical cleaning. By PLC will
control procedure of cleaning after getting request from
software.
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Fig. 6. Setting view.

S

Fig. 7. Trend view.

- 004 -

Fig. 8. Historical view.
4. CONCLUSIONS

Advantage of new automation cleaning method
have 3 points. First water quality guaranteed, Second
decrease frequently cleaning and Third fully automation
system by operator just fill chemical and observe which
it mean expert not necessary. However disadvantage of
this method is increased initial cost.
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